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B Monorpagun COLEpKATCST MaTepHadbl, HeoGXONHMELe nJjsa
NPOCKTHPOBAHHS METaJVIHYECKHX JIHCTOBLIX KOHCTPYKIUMH pa3sJiny-
Horo HasHaYeHMsi: pesepByapog, Fa3ro/ibniepoB, GYHKepOB, CHJIOCOE,
HAlNOPHLIX TPYGONPOBOLOB U Ip., a Takike MeTaJJIHYeCKHX KOHCT-
PYKLM# NOMEHHBIX ILeXOB.

Paccmotpern Teopernveckue OCHOBEl pacyeTa NJacTHHOK H
oboJiouek, Bkmouas BOTIPOCEL yyeTa KpaeBOTrO sdekta M Temme-

Kunra paccusrana pa HH2KEHePOB-NIPOEKTHPOBIIHKOB,




OT ABTOPOB

O6beM NMpHMeHEeHHsl JHCTOBBHIX KOHCTPYKIIHK B obulem o6beMe MeTasJd-
YeCKUX KOHCTPYKUHH HenpepbiBHO BO3PACTaeT. TenpeHuusa GoJiee GLICTPOTO
pA3BHTHA JHCTOBbIX KOHCTPYKUHil IO CPaBHEHHIO CO CTEDIKHEBEIMH BIIOJIHE
3aKOHOMepPHA H OObSICHSIETCH COBPEMEHHEIM HaNpaBJeHHeM PasBUTHA CTpOH-
tespbHO# uHaycrpun B CCCP. 3aMeHa MeTaJUTHYECKHX JHCTOBLIX KOHCTPYK-
uHii Keae306eTOHHHIMH He BCerJla PalHOHANbHA, a BO MHOTHX Clydasx H
HeBO3MOKHA (JlOMeHHBIE NedH, pe3epByaphl /s XpaHeHHs GeH3HHA U CXKM-
JKeHHBIX Fa30B NOJ AAaBJeHHeM, H30TepMUUeCKHe pe3epByapbl, rasrosbepe,
MarHcTpajibHble H 3aBOJICKHE Ta3oHedTenpoiyKTONpPOBOAbI, Tpy6ONpOBOAHI
FHpABJIHYECKHX, TEIUIOBBIX H aTOMHBIX 3]€KTPOCTAHIHNI, MPOMBIILIEHHbIE
rasoBO3yXONpOBObl, JHCTOBHE KOHCTPYKUMH - annaparos XMMHUYECKOH H
HedrenepepabaTriBalollell NPOMBIIIEHHOCTH H MHOTHE JIpyrHe creliHajbHblE
JHCTOBHIE KOHCTPYKLIHH).

B nutepaType HeNOCTAaTOYHO OCBEMIEHbl BONPOCH! BbIGopa ONTHMAJIbHBIX
KOHCTPVKTHBHBIX ()OpM M NPHHIMIIOB PallHOHAJbHOTO MPOEKTHPOBAHHS ME-
TANHUECKHX JMCTOBBHIX KOHCTpyKumil. llens Monorpaduu — YacTHIHO BOC-
TIOJIHUTb 3TOT NMpOGes W OCBETHTb OCHOBHbIE BOMPOCH NMPOCKTHPOBANMS, U3-
rOTOBJIEHHS, TPAHCIOPTHPOBAHHA M MOHTa)Ka MeTaJJHYeCKHX JIHCTOBbIX
KOHCTPYKLHH.

B KHHre oTpaeHbl T€ H3MEHEHHs, KOTOpHE INPOH30LLIH B 06J1aCTH CO-
BepUICHCTBOBAHUS JIHCTOBBIX KOHCTPYKLMIA CO BPEMEHH BBIXO[A B CBET I-ro
uananus '

Tnasw 1, 3, 4, 11 nanucanm E. H. Jleccurowm, raash 2, 5, 6, 10, 12, 13,
14, 21 — A. T. CoxonosmM, raaBu 7, 8, 9, 16—20 — A. @. JluneeBwM, ry1a-
pa 15— A. I". CokonosbimM 1 A. ©. JIujgeeBHIM COBMECTHO.

] 1 E. H Jleccur, A. ®. JTuaees, A. T. Cokonop. CraibHble JHCTOBbIE KOHCT-
pykunn. Tocerpofinsaar, 1956.

l*



YUacto 1
OBIUHUE CBEJAEHHS O JIUCTOBbBIX KOHCTPYKUHUSX

F'nmasa 1

OBLIASI XAPAKTEPHCTHKA METAJIJIMYECKHX
JIMCTOBBIX KOHCTPYKLLUMH

§ 1. 3BHAYEHHE JIHCTOBbIX KOHCTPYKUUHA B HAPOJLHOM XOSﬂﬂC’[i}E ccce
H NEPCREKTHBBI HX PA3BHTHS

JI¥cTOBEIE KOHCTPYKUMM NpeACTaBAfIOT COGOH eMKOCTHBIE KOHCTPYyK-
UHH, COCTOSILIME M3 MeTaJNIMYeCKMX JIHCTOB M NpelHa3HaueHHblE JJIsi XpaHe-
HUfl, TPAHCIOOPTUPOBAHMUS, NePerpy3kd U nepepaboTKH KHAKOCTelH, rasoB u
CHIMYYUX MATEePHAJIOB.

JIMCTOBBIE KOHCTPYKLMH LIMPOKO MPUMEHSIIOTCS BO BCeX OTpacisix Ha-
POINHOrO XO3fHCTBA H COCTaBJAIOT M0 Becy okoyio 30—359% Bcex merasso-
KOHCTPYKUHE (He cyHTasi CyAOCTPOEHHs), H3roToBisieMblx B COBeTCKOM
Coroze.

CKOpPOCTHOE CTPOHTEJBCTBO IEJILHOCBAPHBIX JOMEHHHIX Teueli MO3BOJs-
€T B KpaTryaiillihe CPOKH BBOIHTL B IKCIUIYATAIHIO HOBLIE MOIHOCTH, a4 CO3-
JlaHHe HOBBIX THIOB pe3epByapoB IJisi CEIPOi HeQTU u €eH3MHA 3HAYHTENBHO
COKpaillaeT MOTEPH OT HCNapeHus H OGeCreurBacT KOJHUECTBEHHYIO H Kaue-
CTBEHHYIO COXPaHHOCTBb HX colepkuMoro. boJbiioe HaponHOXo3silicTBeHHOE
3HayeHHe MPHOGpPesO CTPOHUTENLCTBO JIHCTOBBIX KOHCTPYKUHUH I HedTene-
pepabaTniBaonieli, ra3oBoH W XMMHYECKOH NMPOMBIIIEHHOCTH: LHJIHHIpHYE-
CKHX H I1apOBHIX pe3epByapoB, FasroJbJepoB, OYHKEPOB, KOJOHHBIX H TOpH-
30HTAJLHEIX anlapaToB, 3JeKTPO(UILTPOB, 3JEKTPOILETHIPAaTOPOB, IbIMO-
BHIX TPY0, BEHTHISITHOHHBIX TPYO, FpanupeH, MarucTp albHELX TPyOOIpPOBOLOB
6oJpLIOTO AUMaMeTpa U APYrUX CHenHaJbHBIX KOHCTPYKUHUE.

CKOpOCTHEIE METOJBI H3TOTOBJEHHS] H MOHTAXKa HamopHLBIX TPyGoNpoBO-
JIOB FHAPO3JIEKTPHUECKIX CTAHIUIH U WHPKYJSLHHUOHHBIX BOIOBOIOB TEIJIOBBIX
H aTOMHBIX 32JI€KTPOCTAHNIMI B 3HAUMTEJbHOH CTelleHH MpelONpelessiioT Co-
KpallleHHe CPOKOB CTPOUTENBCTBA 3THX OOLEKTOB.

Ot Tuna W pa3MepoB JINCTOBLIX KOHCTPYKUHI 3aBHCAT HX SKCIJyaTa-
LMOHHBIE KauecTBa (BeJHYHMHA NOTEpPb OT MCMApPEHMs KHUIKOCTEH, XpaHUMBIX
B pe3epByapax; 3KCIUIyaTallMOHHBIE PacxXoOlibl pe3epBYapHBIX U rasroJblep-
HBIX TIADKOB; HAJIEXXHOCTb H I OJTrOBEYHOCTb KOHCTPYKUHH; pacxolbl Ha 3a-
INHTY OT KOPPO3UH W IIp.) U CTOMMOCTb CTPOHTENbCTBa, ONpefensieMas
PacxofoM MeTalNyia ¥ JPYrux CTPOHTENbHBIX MaTepHaJoB, TOIJIHMBA, SJEKTPO-
SHEepPTHH, a TaKXe 3aTParbl TPYAA H TPAaHCMNOPTHHE PacXolbl IPH H3rOTOB-
JIEHHH, MepPEBO3Ke M MOHTa)e KOHCTPYKIHEH. DKOHOMHA MeTajaja, obecneye-
HU€ TEXHOJOTHUHOCTH MPH H3rOTOBJEHUH, YCKOPEHHE MOHTa)Ka H yJy4lleHHe
KCIVTYaTAlMOHHBIX KAyeCcTB JINCTOBBIX KOHCTDYKLUE SIBJSIOTCA OCHOBOH HX
PAaLHOH AJBHOI'O NMPOEKTHPOB aHHS.

HenpepuBHelli poct Bcex orpaciefi Hapomsoro xossfictrea CCCP Tpe-
6yeT HHTEHCUBHOT'O Pa3BUTHA JHCTOBBHIX KOHCTPYKUHi, KOTOpPOe IOJKHO HI-
TH NO NYTH H3BICKAHHS ONTHMAaJbHBIX KOHCTPYKTHBHEIX (OpPM H Pas3MepoB,
COBepIIEHCTBOBAHMSI METONOB pacuera U pa3paboTKH NEpPENOBEIX METOHOB
H3roToBMNeHHsT H MoOHTaxa. CHHXKeHHe TPYIOEMKOCTH H3rOTOBJIEHHUS! JIHCTO-
BBIX KOHCTPYKUUI MOMXKeT OHITh JOCTUI'HYTO CO3NAHHEM CIENHAJTH3HPOBAH-
HHIX 3aBOJIOB METAJJIUYECKHX JIHCTOBbIX KOHCTPYKIIHH, OCHANEHHBIX BHICOKO-
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TPOU3BOJUTENILHEIM 0GOPYAOBAHNEM U COBPEMEHHBIMH CPe[CTBAMH KOHTpPO-
JIsl CBAPHDBIX LIBOB M OKOJIOWIOBHOH 30HBI (IIPOCBEYMBAHHE peHTIeHOBCKHMI
JyuaMu; yALTPa3BYKOBasi Ne(eKTOCKONHS; JIOMHEECUEHTHEIH MeTO[, KOHTPO-
JI51; MarruTorpaduueckuii cnocob NPOBEPKH KaYecTBa CTEIKOBBIX IUBOB H Ap. ).

§ 2. HOMEHKJIATYPA JINCTOBBIX KOHCTPYKUHH M HX XAPAKTEPHBIE
OCOBEHHOCTH

HomenkaTypa MeTainuueckHX JHCTOBHIX KOHCTPYKUHH N0 Ha3HAYEHHIO:

1) pesepByapsl i1 XpaHeHHs KUIKOCTel (puc. 1.1);

2) rasroJb/epsl JUIsi XpaHeHHs! ra3oB (pHC. 1.2);

3) GyHKepa M CHJIOCH AJS XpaHEHHS W NePETPY3KU CHIIYYHX MaTepua-
JoB (puc. 1.3);

4) TpyGonpoBonsl GOJBIIOro AHAMETPa s TPAHCTIODTHPOBAHHS T'a30B,
KHAKOCTEH H pa3MeJbUeHHBIX WIH Pa3KHKEHHHX TBEDPAHX BELleCTB
(puc. 1.4);

) JIHCTOBbIE KOHCTPYKLHH AOMEHHBIX L€XOB M Ia300YHCTOK (puc. 1.5);

6) AbIMOBLIE H BEeHTHJISILHOHHEIE TPYOHI;

7) cnenualbHBle JUCTOBEIE KOHCTPYKIHH XUMUYECKOR 1 HedTe3aBOACKOH
annapatypsl (puc. 1.6);

8) GapaGanHble BpamlamoniHecs Meyd s OGKHra TBEPIEIX BEIIECTB;

9) nuHeliHBEIE YCKOPHTENH NPOTOHOB W IPpyrde JIMCTOBble KOHCTPYKIMH
(H3HYECKUX YCTAHOBOK.

JIucTOBBIE KOHCTPYKUHMH 10 CPaBHEHHIO IPYTHMH MeTaJlNIH4YeCKUMH
KOHCTPYKIHSIMH HMEIOT CJeNYIOLIHE OCHOBHBlE 0COGEHHOCTH:

1. [IBBl JTHCTOBBIX KOHCTPYKLME IOMMKHbI YHOBJETBOPSATE TpeGoOBaHUAM
HE TOIbKO NMPOYHOCTH, HO U INIOTHOCTH (HEMpPOHMLAEMOCTH), H KAYeCTBO HX
NOJIXXHO GHITb €lle BHIe, YeM B OGBIYHLIX CTPOMTENbHBIX KOHCTPYKIIHAX.

- 2. JlucroBble KOHCTPYKIMM TPEACTABJAIOT COGOH CIUIOMEBE TOHKOCTEM-
HBble EMKOCTHBIE KOHCTPYKIMH, YTO OOYCNOBJIHBACT HX ABYXOCHOE HARPSIKEH-
HOE COCTOSIHHE, TOFAA KaK CTepPXKHH CKBOSHBIX CTPOHTEJBHBIX KOHCTPYK-
UMl HCTIBITHBAIOT OGBIYHO OXHOOCHOE HAMpsKeHHOe COCTOSIHHE.

3. B conpskeHHfiIX pPA3NMYHBIX OGONOYEK JIHCTOBHIX KOHCTP YK U

Puc. 1.1. O6muit un Hedrebasnl
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Puc. 1.2. Mokprie rasorossnepet

2 — ¢ BePTHKAJbHBIMH HAaNpaBAsoOLHMHE; 6 -— ¢ BHHTOBEIMM HampaBJSIOUIHMH: [ — KOJIOKOJ; 2 — TeJieCKon;
3 — pesepByap IJjisl BOABI

Puc. 1.3. YroibHbiit GyHKep BMeCTHMOCTBIO Puc. 1.4. Hanopssii prﬁonpé-
4000 T BOJL THAPO3JEKTPOCTAHIHA

Puc. 1.5. CxeMa JHCTOBBIX KOHCTPYKUMHA KOMILIeKca [OMEHHOH I€YH M raso-
OYHCTKH

{ — momeHHas neus; 2 — NbLUIEYJOBUTENb; 3 — CKPyG6ep; 4 — BO3ZyXOHarpesaTen; 5 — uu-
CcTH# raz; 6 — xoJopHoe AyThbe; 7 — nap



H B 3alleMJIeHHH OGOJIOUEK y KOJIeH KeCTKOCTH U Yy IHHII BO3HHKAIOT JO-
KaJbHEIEC HAMPsiXKEHHs! KpaeBoro adderra, KOTopuie HEOGXOMUMO YUHTHIBATH
IpU NPOEKTHPOBAHHH.

4. JIucTOBbIE KOHCTPYKIHH Beeria COBMEIIAT (PyHKUHH HECYIIHX H Or-
PaxKIalomux KOHCTPYKIHUE.
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Puc. 1.6. YcraHoBKa KaTalMTHUECKOTO KpEKHHra ¢ asioMOCHIH-
KaTHbIM HIaPUKOBHIM KaTajlH3aTOPOM

I — peakTop; 2 — pereneparop; 3 — cenapartop KaTaJIH3aTopa; 4 — audT;
5 — cufoc pas KaTaJiu3aTopa

5. ¥YcnoBHsl pa6oTHl IHCTOBBIX KOHCTPYKIMi BeCbMa PasHOO6GpasHbl: OHU
MOTYT GHITb HaJ3€MHBIMH, Ha3eMHEIMH, [OJY3aryyG/eHHbIME, MOA3€MHBIMU:
MOTyT BOCIPHHMMATL CTATHYECKYIO H NMHAMHYECKYI0 HArPY3KH, paGorars
NOA HUSKHM, CPEIHHM U BHICOKHM NABJEHHEM, IIOL BAKYYMOM, MO BO31eii-
CTBHEM HM3KHX (0T —254 1o —40° C), cpepnux (o1 —40 no +200°C) u BH-
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coxkux (Gonee 200°C) Temmeparyp, mox HeHCTBHEeM HeHTpAJIbHBIX M arpec-
CHUBHBIX CpeX U T. H.

6. JlhucToBble KOHCTPYKLMH XapakTepPH3YIOTCS OTHOCHTEJNbHO GOJbINONH
MPOTAXKEHHOCTPIO COE[MHEHHUH, MpeBLIIAOIlel HA ONHY TOHHY TNpPHMEpHO
BIIBOC MpPOTf2KEHHOCTb IIBOB OOHIYHBIX METAJJIOKOHCTP YKIHIL.

7. Tlpu M3roTOBJIEHHH JIHCTOBBHIX KOHCTPYKUHMI NMPUMEHSIOTCS ONepaiuH,
He TPeOYIOLIMECs PH MPOH3BOACTBE OOGLIUHBIX METANJIOKOHCTPYKLHE: (HacoH-
HblH{ pacKpoil JIHCTOBOTO NMPOKATa; BAJbIOBKA JIACTOBLIX 3arOTOBOK, oGeuaek
M KOJIell; H3rOTOBJIEHHE PYJIOHHBIX 3aroTOBOK; IITAMIOBKA, OTGOPTOBKa H 06-
KaTKka raGapuTHbIX BHIMYKJHBIX JAHHUIL; COOPKa U CBapKa raGapHTHLIX LHJIMH-
JPHUUECKHX KOHCTPYKUHH Ha POJMKOBLIX CTEHIAX H AP.

8. OCHOBHO! THI CBAapHBIX CO€IMHEHUH JIMCTOBBIX KOHCTPYKIHMH —Coe-
AHHEHHC BCTHIK, NPHYEM BCE HIBBI JOJKHB BLITIOJHATBCS JHGO ABYCTOPOHHEMH
CBapkoii, JIH60 ONHOCTOPOHHEl CBAapKoOil ¢ MOABAPKOH KOPHA WJIH Ha MOX-
KJaIKe.

9. Ins uMIMHAPHYECKHX M IIAPOBHIX JIMCTOBHIX KOHCTPYKUMIi, pa6oTalo-
IHX [0J, BHICOKUM N aBJeHHeM, NPUMEHSIOTCS KPYMHOpa3MepHble JIUCTH IHH-
prrol no 3000 u paunoi mo 9000 mm.

10. Bo3aMOXHOCTD MCNOJB30BAHUS [JISI JIHCTOBHIX KOHCTPYKLHIT TOJIIH-
HOM 110 4 MM pyJlOHHOH xoJonHOKaTaHOH ctanau no FOCT 8596—57 mupunoii
1500—2300 mm 1 pasi KOHCTPYKUHMH ToJuMHON 10 10 MM — pyJIOHHOH ropsi-
yekataHoii ctanu no 'OCT 8597—57 mmpuHoit 1500-—2300 sm.

11. AsromarHuecKkasi cBapka NPHMEHSIETCS IPU MOHTaKe HeraGapHTHBIX
JTMCTOBBIX KOHCTPYKLHH.

12. Snexrpouwiakopas cBapKa NMpUMeHsieTcsl IPU MOHTaKe JJIsi BEPTH-
KaJIbHbIX CTHIKOBBIX LIBOB M LIBOB, PAcNOJIOKEHHBIX MO yryioM 10 45°, B Kou-
CTPYKUMSAX H3 JIHCTOB TOJIHHOH 20—50 M.

13. Bo3aMOXHOCTb HCNOJAb30BaHHs Jifi CHEHMANbHBIX JHCTOBLIX KOHCT-
PYKUHii He TOJbKO CTaJ¥, aJIOMHHHS M aJIOMHHHEBHIX CILIABOB, HO H GHMe-
Tajyla, MeNH, JaTyHH, THTaHa, HUKeJsi, MeTaJIomjacTa M APYrHX Mare-
puaJos.

PagsnTne JIMCTOBBIX METAJUINYECKHX KOHCTPYKUME IO3BOJUT BHEIPHTD
ABYCJIONHBIE W TPEXCJOHHBIE KOPNYCa BEPTHKANbHBIX LHJIHHIDHYECKHX pe-
3epByapoB GOJIbIIOiH €MKOCTH, KPYNHbIE IAPOBLIE Pe3ePBYapH, TPYGONPOBO-
Zbl BBICOKOT'O JaBJIEHHMs, annapatsl HedTenepepabaTHiBaOIe U XMMHUYECKOH
IPOMBIIVIEHHOCTH. BO3MOXHO TakXke HCNONb30BAHME MNpPeldBAaPHTENbHOTO
HanpsixKeHUsl JIUCTOBHIX KOHCTPYKHUHMH NyTeM O0XKaTHS OGOJOYKH BEICOKO-
NPOYHOl MPOBOJIOKOIA.

§ 3. MATEPHAJIbI, NPHMEHSIEMBIE J1J1s1 JIUCTOBBIX KOHCTPYKLLHI

Ipu BHIGOpe MaTepuana /s JHCTOBHIX KOHCTPYKUMH HEOGXOLHUMO Y4H-
THIBaTb €ro (hH3HKO-MeXaHHYeCKHE CBOMCTBA, XHMHUYECKHH COCTaB U CTPYK-
TYPY, @ TakXKe YCJIOBHUS 3KCIUIyaTallH, TEXHOJOIHIO H3TOTOBJIEHUS ¥ MOHTA-
Ka KOHCTPYKUMH H OMBIT NPOEKTHPOBAHHA, H3TOTOBJEHHS, CTPOHTE]bCTBA
U 3KCIVIyaTalHH JHCTOBBIX KOHCTPYKIIME.

Kpome yriiepoiuMCTHX H HH3KOJCrHpOBaHHHIX craneil (Cr.3, 1472,
10r2C1, 1012CIH, 15XCH]I), HCnonb3yeMBIX JJIsi OGBYHBIX METAJJIMYeCKUX
KOHCTDYKUMI, IJIsi JIUCTOBLIX KOHCTPYKIHMH NPUMEHSIOT: cTaad Mapor 20K
(TOCT 5520—62), 09I2C 16I'C (I'OCT 5058—65), 12MX, 12XM (UMTY
5759—57), X5M, X18H10T, X18HI12T, X17H13M2T, X17H13M3T, 0X18H10T,
O0X18HI2T (TOCT 5632—61), TepMOynNpouHeHHHle cTaiu KjgaccoB C45
(mapka 16I'2A®), C50 (mapku 15XCHI, 15I'2C®, 15I2CPP), C60 (map-
ku 12I'2CM®, 14I'CMOP, 14ICXHM®P, 15XI'2CM®P), C75 (Mapru
12XT'2CM®, 15XT'2CM®P), npyxcnoiipe cramu (Cr.3-+X18HI10T; 20K+
+ X18HI10T; 20K+ X17H13M2T; Cr.3+0X13; 20K +0X13; 12MX 4+ 0X13);
CTald, CTOMKHE MPOTHB BONOPOIHONH KOPPO3HH noJ naenerneM (25X3HM,
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20X3MB®), crany, cTOVKHE NPOTHB KOPPO3HH pacTBOPOM H pacljiaBoM Kap-
G6amupa (X18HI12M3T; X17H16M3T), merananonnacr (yrJepopucrasi CTallb,
HNOKPBITAsA IUIaCTMAcCOl CO CTOPOHBI ArpecCHBHOH Cpefibl), AaJIOMUHUI W
aJIIOMHHHEBBIE CIUIABH, Mellb, JIaTyHb, THTAH, HHKEeJb, CBHHeL|, IUTACTMAaCCH
4 HEKOTOpHIe Ipyrue MarepHalsl.

Takuwe cramu, kak O0X13, O0X18HIOT, OXI8HI2T, 0X23H28MZ2T,
0X21H6M2T n 0X23H28M3]13T, npHMeHSIOT B YCJIOBHAIX MOBBLINIEHHOH ar-
PECCHBHOCTH CPebl HECMOTPS Ha HX MeHBIIYI0 MPOYHOCTb MO CPaBHEHHIO C
4AHAJOTHYHLIMH CTaJISIMM, HMeEWHIHMKU OoJbliee COHePKaHHE yrjepola
(1X13, X18HI10T, X18HI2T, X23H28M2T, X21H6M2T, X23H28M3JI3T).
Tak, ns XpaHeHusi €IKOrO KaJ{ NPHMEHAIOT JHCTOBHE KOHCTPYKLHH K3
crann  0X13, KpeMHe(TOpPHCTOBOLODOAHOH  KHCJAOTHL — H3  CTalH
0X23H28M313T, ¢ocdopHoii kucaoTs — u3 craan 0X23H28M2T, wasene-
BOil KHCNOTH — H3 craidn 0X21H6M2T. 314 craiu obecnednBaloT 60abUIYIO
JLOJTOBeuHOCTh KOHCTPYKUHE B pe3yJsibTaTe 3HaUHTEJbHOrO NMOBHILIEHHS KOP-
PO3HOHHOH CTOHKOCTH CIU1aBa B JaHHOH cpene.

A¢¢perTHBHHIM CMIOCOGOM NOBHINIEHHA CTOHKOCTH TPOTHB KOPPO3HH B
a30THOH KHMCJIOTE M JIPYrHX arpecCHBHEIX cPejlax fABJseTCs CHHXKeHHeE couep-
xaHus yraepofia o 0,03% u menee. B nacrosimee spems B TOCT 5632—61
BBeJleHa Hepxkasewoulas cranb mapku 00X18HI10 ¢ comepxkanuneM yraepona
70 0,04%. ITpoMBIIIEHHOCTBIO OCBOEH BBIYCK JIHCTOBOH CTalH MapKH
000X 18H10 ¢ conepxxanuem yraepona meHee 0,03%.

Ckopoctb koppoauu cranu 000X18HI0, conepxaieit menee 0,03% yr-
Jepojia, nocsie 3aKaNKH H nocaenyloilero Harpesa npu 650° C B TeueHHe ya-
ca B Kunsimel 65%-Hol azotHOH kucnaore cocrasasier 0,25 mm/e0d, a oG-
HOil HepxKaBewuled cram X18HIOT c comepkanueMm yrijepojia 0,08% mnpu
TeX e YCJIOBUAX 2 mamfe00. .

Conepxanve BaHagusi B KoamuyectBe 1,2—2,3% mnpenorspainaer Mex-
KPUCTAJJIMTHYIO KOPPO3HIO CTaNH B 06JaCTH BHICOKMX TeMmmeparyp (1o
800° C). Mucruryrst HUMXummam 1 HHHMHYepmer pekomeHAyOT mpuMe-
HAITb B JIACTOBHIX KOHCTPYKLHSX JJIsi XPaHeHHs W NepepabOTKH COJSAHOH, cep-
Ho# B ¢ocopHOl KUCIOT (NpH OINpejesleHHBIX KOHLEHTPauMsaX U TeMIlepa-
Typax) cryag H70M27® c ykazaHHBIM COAepXKaHueM BaHaausl.

OnHMM M3 OCHOBHBEIX TMyTeH CHHKEHHSl CTOHMOCTH CIeLHaJIbHBIX JIUCTO-
BBIX KOHCTPYKLHi 1 9KOHOMHH He(pHUHTHBEIX METaJJIOB SIBJSIETCS MPOEKTHPO-
BaHHe XHMHUeCKOH B He()TsAHOM anmapaTypsl U3 IBYXCJOKHHOH cTanu. B Hacro-
silllee BpPeMsi, TIOMHMO Y2Ke NpPHUMEeHSIOUHXCA GHMEeTa/IOB C MJIaKMPYIOMMM
cioem H3 cranell 0X13, X18HI10T u X17H13M2T, ocBoeH BHIIyCK OHMeTaJ-
JIOB ¢ MJIaRMpyomuM cioeM u3 cranu 0X23H28M33T, Hukens, Meln U ee
CIJIaBOB.

Onwrravy HUUXumMmam ycTaHOBJEHO, YTO NO CTOHKOCTH NMPOTHB MeXK-
KPUCTAJNIKTHOH KOPPO3WH OHMeTalJlbl ¢ IVIAaKHPYIOIHM CJIOeM H3 crajei
X18HI10T, X17H13M2T u 0X23H28M313T He ornuyalwTca OT COOTBETCTBY-
IOIIMX MOHOMETAJJIOB, a4 MO CTOMKOCTH NMPOTHB KOPPO3HOHHOTO PAaCTpPeCKHBA-
HHfA JlaXKe HeCKOJBbKO mpeBocxonaT ux. TonmuHa apyxcioiinoi cranu (FOCT
10 885—64) uamensiercss ot 8 no 50 mm, mpHueM TOJIIHHA IJIAKHDPYIOLLEro
cjosa cocrasiasier ot 1,5 go 7 mm. OCHOBHEIM MeTaNlJIOM MOTyT OHITb CTaJH
BMCr.3, 20K, 12MX u gpyriie yrjepomucTele HJIH HH3KOJerHPOBaHHBIE
cTaJH.

OcHOBHBIe XapaKTEPHCTVKH HEKOTODHIX MaTepHalioB, HauboJiee 4acTo
NpUMeHseMBIX ISl JUCTOBBIX KOHCTPYKIHI, NpuBejenbl B Taba. 1.1, a xumu-
YeCKHH COCTaB H MeXaHHYeCKHe XapaKTepPUCTHKH crajel — B Taba. 1.2.

BriGop MaTepHala JHCTOBOH KOHCTPYKUKH B OOJILIIOH CTelleHH 3aBHCHUT
OT €ro KOPPO3HOHHOH CTOHKOCTH IO OTHOLIEHHIO K JAHHOH arpecCHBHOH cpe-
Jie H o6acTH ero npuMeHeHHs1.

K HOBHIM KOHCTPYKUHOHHEIM METaJJ1aM, HCIOJb3yeMBIM B XHMHUCCKOM
1 He)TE3aBOAGKOM aNNapaTOCTPOEHHH, OTHOCATCS THTAH W €ro CIU1aBHl; MM,
HeCOMHeHHO, IpHHanJexuT 6oJpuioe Oyiayinee. THTaH MOYTH BHABOe Jierue
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TaG6auua 1.1

=, o L0 . X0
o 5 =% ) 22<o @ w I8
as 567 8593 | 5o | > B Ex 3.n§§
MarTepual Mapka martepuana e oy gg: §§&’ _agw':: ﬁS‘o. ;Ssg
S | Sgg| 283|252 |5L| g=f |ZEeE
Cranb  yrJepo- -
AHCTasi OObLIKHOBEH-
HOTO KayecTBa . . BCr. 3 7,85 { 12 38 21 2,1 O1—30 |
a0 -+ 425
Crajgp  yriepo-
AMCTast KayecTBeH- !
Hag . . . . . - 20K 7,85 ] 12 41 22 | 2,1 [Or—40 1,2
no + 475
Huskouaerupo-
BaHHas cTajb . o9r2Cc 7.85 ] 12 48 18 | 2,1 Ot —70 1,3
no +475
Tennocrofikas
crajlb . . . . . 12MX 7,85 | 11 45 20 | 2 Ot +200] 2
no +540
Hepaxagetoiasn
craib . . . . . X18HIOT 7.9 17 55 34 |2 Or—254| 9,5
mo +700
Hep:xagetonias
crajib . . 3 XI17HI3M3T 7,95 ] 16 54 33 |2 Or —196] 10
o 600
Amomunnit AJll 2,71 | 23 10 28 10,71 |Or—254] 10
o +150
Mems . . M3 8,94 | 16,7 | 20 30 | 1,I15}0r—I196]| 10,5
o 250
JlaTysb . e J162 8,43 ] 20,6 | 30 40 |1 Or—254| 8,5
1o 4250
Turan . Lot BT1 4,4 9 77 18 1,2 |Or—254 20
o +475
Hugenv . . . . HI12 8,9 | 13,4 38 35 | 2,1 |Or—196] 43
1o -}+500
Ceuner| . Lot Cl 11,34 | 28 1,81 40 |0,18| Ot O 12,5
no --100

CTaJIH H B TPU pa3a MeHee TEIIONPOBOIEH, yeM cTasib. OH uMeeT MaJBIl KO-
a¢¢uuuent nunefinoro pacumpenus (o =0,000008). Ero cniaBbl B HECKOJb-
KO pa3 NpouHee AJIOMUHHEBBIX H NPEBOCXOAAT MO NMPOYHOCTH HEKOTOPHIE Jie-
rupoBaHuble cTand. THTaH U ero criaBel 0613 al0T OYeHb BBHICOKOH CTOHKO-
CTBIO NMPOTHB AEHCTBHS MHOTHX arpecCHBHBIX CPell H BHICOKHX TEeMIIeparyp,
NPUGIHIKAACh 110 KOPPO3HOHHOM CTOMKOCTH K TJlaTHHE.

M3 TuTana u ero CryiaBoB panHOHAJbHO H3rOTOBJSTH TENJI006MEHHYIO
H KOHIEHCALIMOHHO-XOJOJMJIbHYIO alnapartypy HedrenepepabarTnBaiomux
3aBOJIOB, aBTOKJIaBbl JJIsl MepepabOTKU ropsiyHX ra3oB H IpPyrde anmnaparol,
paboTaloiie B yCJIOBUAX arpeCCHBHOH Cpellbl U BHICOKOTO IaBJEHHS B INIH-
pokom Auanasone Temneparyp (or —254 no +475°C).

B saBucuMocTd oT ycaoBHII 3KCIUTyaTallid U CBOHCTB MaTepPHAJIOB JIH-
CTOBblE KOHCTPYKIMM PAacCUMTHIBAIOT 1O BpeMEeHHOMY CONPOTHBJIEHHUIO, Mpe-
Jlely TeKy4eCTH WM npefeNy IJIHTeNbHOH IPOYHOCTH.

CoraacHo «<Hopmawm u Merofam pacyera Ha MPOYHOCTb COCYIOB M ammna-
patoB» [124] koadduuHenTH 3amaca MPOYHOCTH MPHHUMAKOTCA PaBHBIMM 110
BpEMEHHOMY COINPOTHUBJEHHIO 1y =2,6 1Js crajefl u n,=3,5 A8 IBETHHIX
METaJJIOB U CIJIABOB, MO NpeleNy TeKydecTH n.=1,5, no npeneny maIuTeNb-
HOH npo4yHoCTH 1y =1,5.

[Ipepenom pyauTeNnbHOH NPOYHOCTH fIBJISIETCS HAaMpsiKeHUe, BLI3BIBAIO-
Illee NpH 3alJaHHOH TeMIlepaType pa3pylueHHe obpasna 3a omnpelefleHHOE
Bpems. Ilpenen paurenvHofi mpoudoctu corstacHo 'OCT 10145—62 o6o3ua-
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Ta6auna 1.2

XuMuueckuit coctaB B % Mexauuyeckue cBolcTBa
I'pynoa Mapxky cramm TOCT unu 1ex- ygo.n 3aru-
cTanu HHYeCKHe YCJIOBHS g R Op [ o a,, a B XO-
C Si Mn Cr Ni Mo Ti Cu &I | kT n 65 % KI"/lfm" JI0AHOM
COCTOSIHHH
Yraepo- Cr. 3 TOCT 380—60% 0,14—0,22 | 0,07— 0,3— — — —_ — — 38—47 | 21—24 | 25—27 | 7—10 180°; 0,5s
nucTasi 0,3 0,65 |
Inst BepTHKAJb- UMTY 5232—55 0,2 ,12— 0,41— — — — — — 38—47 | >23 >26 7—10 180°; 0,5s
HBIX pe3epByapoB . 0,26 0,7
20K rOCT 5520—62 0,17—0,24 | 0,15— 0,35— — — —_ — —_ 41 23—25 | 23—26 | 5—7 180°; 1,5—
0,3 0,65 2,6s
Husko- 1412 TOCT 5058—65 0,12—0,18 | 0,17— | 1,2—1,6 | <0,3 <0,3 — — <0,3 46—47 | 33—34 21 —(3,5—)] 180°; 2s
JlerHpOBaKH- 0,37
L 10r2Cl FOCT 5058—65 <0,12 09~ | 13- | <03 <0,3 - <0,03 | <0,3 |46-—52)32—38| 21 6%35—) 180°; 25
¥, 1, ,
TOCT 5520—62 <0,12 0,9— 1,3— <0,3 <0,3 — 0,01—0,03 { 0,15— | 46--52 | 32—38 22 6(3— 180°; 2s
1,2 1,65 0,35 2,5)
1oracn TOCT 5058—65 <0,12 0,9— 1,3— <0,3 <0,3 — <0,03 0,15— | 46—52 | 32—38 21 6(3— 180°; 2s
1,1 1,65 0,35 2,5)
10XCHJT TOCT 5058—65 <0,12 0,81— 0,5—0,8 | 0,6—0,9 | 0,5—0,8 — <0,03 064- 52—54 | 40 19 | —(5—-3) | 1809 2
s - g
15XCH rocT 50s8—65 | 0,12—0,18 | 0,4— | 0,4—0,7 | 0,6—0,9 | 0,3—0,6 - <0,08 0,2—4 50 35 21 | —(3-3) | 180°: 2
0,7 0,
16rC rocCT 5058—65 0,12—0,18 0,4— |0,9—1,2| <0,3 <0,3 —_ <0,03 <0,3 46—50 | 28—33 21 6%3—- 180°; 2
: 0,7 ,5)
T'OCT 5520—62 0,12—0,18 064‘1— 0,9—1,2 | <0,3 <0,3 —_ 0,01—0,03 | <«0,3 4650 | 28—33 22 6(3— 180°; 2
: 2,5)
09re rOCT 5058—65 <0,12 06]7— 1,4—1,8 | <0.3 <0,3 — — <0,3 45 30—31 21 —(3—4) | 180°; 2
,37
09rac I'OCT 5058—65 <0,12 0—(5)_8 1,3—1,7§ <0,8 <0,3 — <0,03 <0,3 44—50 | 27—35 21 6(3— 180°; 2
s 3,5)
TOCT 5520—62 <0,12 0,58—- 1,3—1,7] <0,3 <0,3 — 0,01—0,03 g,gﬂ— 44—50 { 27—36 22 —6(3,5) | 180°; 2
0, .3
Kopposu- X5M TOCT 5632—61 <0,15 <0,5 0,5 4,5—6 —_ 0,45— — — 45 22 20 12 —
©oHHO-CTOli - 0,6
Kas (Hep-
HaBeo - X18H10T I'OCT 5632—61 <0,12 <n,8 1—-2 17—-19 9—11 — (C—0,02) X -~ 52 20 40 _ —
urast X5—0,7




Fipodonscenue raba. 1.2

XuMHYeCKHH COCTaB B %

" Mexanuueckue cBoficTpa

Fpynna F'OCT unu Texnu- yroa 3ar-
Mapku cranu =
cTanu YeCKHe yCJIOBHHA c si Ma Cr Ni Mo Ti Cu Op x ;3}" 3 ?J/:' I:JK,M . ?laozﬂxgii
kL mm?*| kI mm «I'/c cocToRtmy
Kopposu- X18H12T T'OCT 5632—61 <0,12 <0,8 1—2 17—19 11—13 - (C—0,02) x —_ 55 20 40 —_ —
OHHO-CTOH- X5—0,7
van Suep | xu7H13MoT FOCT 563261 <0,1 <0,8 1—2 | 16—18 | 12—14 | 1,8—2,5( 0,3-0,6 - 54 22 37 - -
uias ) X17H13M3T FOCT 5632—61 <0,1 <0,8 1—2 16—18 12—14 3—4 0,3—0,6 — 54 22 37 -_ -
OX18H10T TOCT 5632—61 <0,08 <0,8 1—2 17—19 9—11 — 5C—0,6 — 47 20 40 s -
OX18H12T rOCT 5632—61 <0,08 <0,8 1—2 17—19 11—13 — 5C—0,6 — 50 20 40 — —
OX18H12M2T ﬂ222~59 <0,08 <0,8 <2 16—19 1114 2—3 0,3—0,6 — 54 22 35 — &=
HHNMUM
OX17H16M3T T'OCT 5632—61 <0,08 «0,8 <1,2 1618 15—17 2—3,5 0,3-0,6 — 850 — 35 - -
HUMTY 4689—54 <0,08 0,2—0,8 <2 16—18 15—17 33,5 0.3—0,5 — 50 — 35 — -
umTy
BrICOKO- 16I2Ad( C45) —_— 0,13— 0,17— | 1,3—1,7 — — Asotr Bananuit >55 >45 >18 >4,5 =
FpOYHAs LHHUNUM 0, 0,37
TEpMO- 1349—65
TIpOYHEeH -
R 15T2C(C50) SIMLY 012— | 09— |1317] — - — | Bamamt | — | >60 | »50 | >16 | >4 -
LHHYMUM 0,18 i1 0,07—0,15
1389—65
12I2CM@ (Co0) CTY 77-98—64 06051)5— 0,4;— 1,2—1,6 — — 06125— 0,07—0,15 0,3 >70 >60 >12 >3
s 0, s
16I'T (C60) CTY 77-98—64 06121%5— 0617;— 0,9—1,2 — — — 0,3—0,6 . >70 >60 >12 >3 —
, 3
15XI2CMOP (C5)]  —— Y 0,12— |o,4-0,7 | 1,3-1,7] 0,6—0,8] — 0,15— | Bawanutt | Bop | >8 | >75 | >10 | >3 -
LUHNUNYUM 0,18 0,25
1389—65
YMTY
12XIr2CcMe (C75) eot— 0,09— 0,4—0,7 | 1,3—1,7| 0,6—0,9 — 0,15— Bawuanuit — >85 >75 >10 >3 —_
HHUHUM 0,15 0,25 0,07—0,15
1389—65
Jlerupoban- 12MX YMTY 5759—57 | 0,09~-0,16 | 0,15— 4— | 0,4-0,6] — 0,4—0,6 s = >4 | >4 | > 6 —
Hasl TelJo- 8 0,7
yCcTOluK- 20X3MB® YMTY 4803—54 0,16—0,24 | 0,17— 0,25— | 2,8—3,3| Boan- 0,35— Bananuii —_ >90 >75 >12 6 —
Bast 0,37 0,5 Oq,m 0, 0,6—0,85
,30,5




YaloT Oy C HHXXHHM YHCJIOBBIM HHIEKCOM, O3HAYalOlUM BpEMsl B Hacax A0
paspylienHs: o6pasia Noj yKasaHHEIM HalpsiKeHHeM, H BEPXHHM HHIECKCOM,
YKa3biBAIOIMM TeMIepaTypy HCIbITaHHs B rpapycax Ilesbcus, HanpHMep

G‘}xo?ms (cpenHee 3HaueHHe npefeia AJHTENbHOH MMPOUYHOCTH 32 100000 «
npu 600°C). i

TMposepka Mo Mnpefesy AJNHTENbHOI NMPOYHOCTH TPOH3BOAMTCH B CJyda-
IX, KOT/[a pacueTHas TeMIlepaTypa CTEHKH JHCTOBOH KOHCTPYKIMM MpeBbl-
1IaeT:

[Jsl yIJIepONHCTHIX cTagled . . . . . . . . . 380°C
» HHSKOJETHPOBAHHBIX H TEIVIOCTOHKMX cCTajledl . 420°C
» ayCTeHHTHHX cTajgedr! . . . . . . . . . 525°C
> ATIOMHHHSL . . .« « « + « « « « « . . . l0Oo°C

TTpH NOBBILIEHHH MOJIOXUTEJBHON TeMIepaTypbl CHHKAIOTCS NoKasare-
JH (QU3HKO-MeXaHHYEeCKHX CBOMCTB MaTepHaJIoB (BpeMeHHOe CONPOTHBJIEHHE,
npefiesl TeKy4ecTH, Npefes AJIHTeJIbHOH NPOYHOCTH, MOAYJIb yIpPYyrocTH).

PacueTHble CONPOTHBJIEHHsI YIJIEPONUCTbIX CTajlell MapkH 20K npu 1no-
BhiIeHHH TeMnepaTyph fo 475° C cuuxatores fo 690 kl'[cm?, a HU3KOJIETH-
poBannbix Mapok 09I'2C u 16I'C —no 955 kI'/cm? (puc. 4.3). Ilpu oTpH-
[aTeJbHbIX 3HAUEHHSIX PaCuyeTHHIX TeMIepaTyp pacueTHble CONPOTHBJIEHHS
NPUHHM AI0TCsl TAKHMH K€, KaK H IIpH 20°C. B ykasaHHBle 3Ha4Y€HUs pacyer-
HbIX CONPOTHBJIEHHH He BKJIOYEH KO3(QHIHEHT ycJaoBHE paboThl 1.

PacueTHble 3HaUeHHs] MOAYJs YIPYTOCTH [UIsl YIJIEPOAHCTHIX H HH3KOJE-
CHPOBAHHBIX CTajlell TakXke CHHXKAIOTCS 1O 1,4-108 xI'[cm? npu 450°C
(pHc. 4.2). Ilpu oTpHIIATENbHBIX TeMIIEPATypaX pacueTHbie SHaUEHH MOZYJA
yIIPYrocTH NPHHHMAIOTCSl TAKHMH 2Ke, KaK H NpH HyJIEBO#l TeMIlepaType.

PacueTHasi TeMIIepaTypa OTKPHITOH CTEHKH JIHCTOBOH KOHCTPYKIHH NpH-
HUMaeTcsl paBHOH TeMmIlepaType CpPenbl, conpHKacatwomeicsi co cTenkoit. Pac-
yerHasi TeMIepaTypa CTEHKH, 3aIIHIIEHHOH CJIoeM HM30JSLHH, NPHHHMAETCs
ysesHuenHoil Ha 20° N0 CpaBHEHHIO C TeMneparypoll NnoBepXHOCTH H3OJISILKH,
conpHKacaromleiics co CTeHKOH.

Jlaist JIMCTOBBLIX KOHCTPYKLHI ¢ TeMneparypoil CTEHKH, JocTurarolel
1100°C, MOXKHO HCIOJB30BaTh KAPONPOYHYI0 CTalb MapokK X23H18,
0X23H18 (I'OCT 5632—61) u X23H18C2 (TY 3225—52).

I1IpH MPOEKTHPOBAHHH JIHCTOBBIX KOHCTPYKLHH H3 IBETHBIX METAJJIOB H
CIJIaBOB HEOGXCAMMO YYHTHIBATh, YTO HarpeB NPH CBapKe H naike CHUMaeT
yNpOYHeHHe, NOJYYEHHOE B XOJOAHOM COCTOSIHHH. Jlast pacueTa JHCTOBHIX
KOHCTPYKIHI H3 TaKHX METaJlJIOB H CIJIABOB CJIefyeT NPHHHMAaTb MeXanHue-
CKHe XapaKTePHCTHKH, COOTBETCTBYIOLIHE HX OTOXKXKEHHOMY COCTOSIHHUIO.

§ 4. COEAMHEHHS 3JIEMEHTOB JIMCTOBbIX KOHCTPYKIIHH

B JMCTOBBIX KOHCTPYKIHSIX IIPDHMEHSIIOTCSI BCE YEThipe€ OCHOBHBIX THIA
CBApHbIX COE/IHHEHHIl: YIJIOBOE COeHHEHHE, BCTHIK, BIIPHTHIK H BHAXJECTKY.
CoelHHeHHE BCTHIK Ge3 HakJIafoK obecrneyHBaeT HaHOOJbIIHE BO3MOXHOETH
[JIS 3KOHOMHH MeTaJjlla H 3JIEKTPOAHOH NPOBOJIOKH, ONTHMaJIbHBEIE YCJIOBHSI
pa6oTH, a Takxke HaHJyUIHe YCJIOBHsl [Jsi KOHTPOJsS KaduecTBa LIBOB H
OKOJIOLIOBHOH 30HB (H3MuecKHMH MeTonaMH. IlIBbl raGapHTHBIX CTaJbHBIX
JHCTOBHX KOHCTPYKIHii, BHINOJHSIEMble HAa 3aBOAE MeTaVIOKOHCTPYKLHH,
NPOEKTHPYIOT OObuHLIX ceuennit (puc. 1.7 u 1.8, a, 6). CTEIKOBbIE IIBH HEra-
GApHTHBLIX CTANbHBIX JHCTOBBIX KOHCTPYKIHH (MOHTaXKHble IIBbI) TpHBELE-
Hbl Ha pHc. 1.8,8.

THnsl H pasMepsl CBApHHIX IUBOB aJIOMHHHEBBIX JIHCTOBBIX KOHCTPYK-
Mt H306paXeHnl Ha PHC. 1.9, KOTOPBIH MOXKeT OBITh HCIIOJIB3OBAH M IIPH 11pO-

! AYCTERHT — OHA M3 CTPYKTYPHBIX COCTABJIAIOMHX CTa/H, MNpeACTaBJiAolas cobodt
HeMAarHHTHBEIN TBEPABIN PacTBOP yIlepojia B raMMa-xKenese Fe . Ctanu c BHICOKHM CONEP-
HaHHeM HHKeJsi H XpOMa XapakTePHE ayCTEHMTHOH CTPYKTYDPOH.
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€KTHPDOBAHHH CBADHBEIX COEJHHEHHH JHCTOBBHIX KOHCTPYKLIMH H3 OPYrHx
IBETHbIX MeTaJJIOCB U CIJIaBOB (MenH, JIATYHH, THTaHa, HHKeJs, MOHeEJNs).

3a30pHl MEXAY KPOMKaMH CTBIKYEMBIX JIHCTOB H BHJ, KPOMOK 3aBHCSIT OT
XapaKTePHCTHK MPHMEHsieMOorc Merasja (cralb, aJliOMHHHE, MeAb, JIATYHb,
HHKeJIb, THTAH H Jp.), BULa CBapkH (pyuyHasl 3JeKTpPOLyroBasi; aBToMarHye-
€Kasi H MoJyaBToMaruueckasi cBapka non ¢JocoM uJH no cJoio ¢Jroca;
3JIEKTPOILJIAKOBasi; pyyHasl, MEXaHH3HPOBAHHAsl U aBTOMAaTHUYeCKasl aproHo-
LyroBasi; aBTOM aTHUECKasi H MNoJlyaBTOMaTHYecKasl CBapKa B cpefie yrjeKHC-
JIOro rasa; rasoBasi CBapKa) M TOJIHMHB COeJHHsIEMBIX JIHCTOB.

ITpu pyuHo#l 37€KTPOAYTroBOfl CBapKe 3a30p MeXAY KPOMKaMH JIHCTOB
paBeH oT 1 0o 3 MM, IpH ABTOMATHYECKOH H MOJyaBTOMAaTHUECKOH CBapkKe
cranu nop ¢uocoM — ot 0 10 2 mm (npH cBapKe Ha (JocoBol MNOAyLIKe
6e3CKOCHBIX KPOMOK H Ha CTaJbHOM NOAKJIagKe OZHOCKOCHHIX KPOMOK — OT
2 [0 5 MM B 3aBHCHMOCTH OT TOJIIHHBI MeTasia); NMPH 3JeKTPOILJaKoBoi
cBapke craju tToJuuuHol ot 30 o 50 mm 3azop — 18 mm, a o1 56 no 70 mm —
20 mMM; OPH aBTOMATHYECKON W MOJyaBTOMaTH4YecKOH cBapKe CTa/lH B Cpele
YIJIEKHC/IOTO rasa HOMHHANLHBEIH NMPOEKTHHIH 3430p paBeH HYJIIO.

3a3op MexIy KPOMKaMHU JIHCTOB IIPH PY4YHOH 3JIEKTPOLYTOBOH H aproHo-
IYroBod CBapKe aJiOMHHHsI H3MeHsleTcsl OT HyJsl 00 2 MM, IPH aBTOMaTHYe-
CKOH cBapke aJllOMHHHS 10 CJI00 (uIioca H aBTOMAaTHUYeCKO# aproHo-AyroBoM
CcBapke aJiOMHHHS — OT HyJasi Ao | mm, B 3aBHCHMOCTH OT TOJIIIHKHBE Me-
Tajja.

Jabodckue yeznobee wbBo Bmabpobox coedurenusx

Pyvwrnasa cbapra Abmomamuvecxan cbapxa
" - - HOPManbHbId . C 2nyboxum
| Ses pazdenxu | cV-nodzomobrod | ¢ K-nodzompbrod ’me B4/
{0=6-10) b=16 | 6216] 5-6-50 521¢ i
e & b

A
L AV Y e NS A
3| Y pehs

o~

Mo nmasknore yenoboe wbeo
be3 paadenru V-abpasnword
6=5—‘/l_71 5525[ 6225
v . T
3 Lz 5 | (‘45 .
{ = A = £
Ly ! ~ o S‘J_
T N 3 W | emanonas
'manonod
l-"LL\.._ 1 bpycor 8x8 ):I'i
| #-obpasue U-obpaskoni X-0bpasnond
15-25 l "5=25—£/ﬁ 5=36'70d 189
- 180 A 1TV
45 -] s gEL
™ S
© EJS‘ y r=13 4 N)\Q r=3 I~
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DecckocHble LIBEL MOXKHO BHINOJHATD TOJIMHOMN: NpH DYYHOH 3JEKTpO-
AYroeo# cBapke Craiu — 10 8 MM, IPH aBTOM ATHYECKOH U [oJlyaBTOMaTHYe-
CKOif CBapKe CTaln Nof GJocoM — 1o 20 mm, IIPH 3JIEKTPOILJIaKOBOH CBapkKe
ctajgH — no 100 mm, npu aBTOMaTHuecKOH u NOJIy aBTOM ATHYECKOH CBapke
CTali B Cpefie yIJeKHCIOro rasa — 1o 12 ma; npu pyynoit 3JIEKTPOLYTOBOKH
CBAapDKE aMIOMUHHS H aBTOMAaTHYECKOH CBapKe ATIOMHHMS 1O CJIOIO ¢aroca —
1o 25 mM, IPU aBTOMAaTHYECKOH M PYUYHOH aproHO-IyrOBOH CBapKe aJIoMH-
HHsT — 10 10 mm.

B ta6n. 1.3. npuBeens BesMuMHb 3430POB U NPHTYIJIEHHS] KPOMOK
TPH JUCTAX PA3NUYHOM TOJIMHHBI H Pa3HBLIX pasiaesKax KPOMOK.

KoHCTpyKTHBHEIE 3J1eMEHTH IBOB TIpH CBapke ABYXCJOKHHON cTasu (yr-
JEPOAUCTOH CTall MJIAKHPOBAHHON Hep:k aBelommeii CTaNbl0), MefH, JaTyHH,
HHKEJISI M THTAHA NPHBENEHBI COOTBETCTBCHHO B HopMansx [88]. IMpucanou-
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Ta6auna 13

HHEro LIBa Crioco6 Tonuwua 3a30 Tperyn- | Yroa pac-
Bcl;'}:ﬂ:gg(c):gpgoe;uneﬂun CBapKH -":C;‘;? B M}: J'Isel;:l; l;p:!’;r:‘;l
V-06pasHEle €O CKOCOM | Pyymas  aJqekrpo- | 10—25 2 2 60

06eHX KPOMOK ayrosas cpapka| 28—32 3 3 50
cTaiu 34—40 3 3 45
42—50 3 3 40
X-o6pasunie ¢ ABYMs To xe 12—60 2 2 60
cKocaMH 00eHX KPOMOK
CHMMETPHYHEIE
V-06pa3Bbie €O CKOCOM | ApromaTHyecKas 14--24 0 6—8 60
ofenx KPOMOK H  [OJyaBTOMAaTH-
yecKas cBapKa CTa-
Ju non Gacom
X-o6passble ¢ ABYMS To xe 20—28 0 6—8 60
CHUMMETDHYEBIMH  CKOCaMH 30—60 0 6 50
o6enx KPOMOK
V-o6pasnnle co cKocoM | ABroMaTHuecKas 8—14 0 4—8 65
06eHx KPOMOK H  MoJlyaBTOMaTH-
yeckasl cBapKa cTa-
JI4 B cpefie YTJIeKHC-
JIOro rasa
X-o6passpie ¢ ABYMSA To xe 12—40 0 4—6 65
ckocaMH 00eHX KPOMOK
CHMMETPHYHEIE
V-06pasneie co ckocoM | Pyysas  snekrpo- | 26—35 | 1—1,5 | 13—17,5 60
06enx KpPOMOK pyrosas CBapKa
aJIIOMHHHSA
X-o6passme ¢ [BYMs To xe 35—50 1,5 5 60
cKocaMH O0eHX KPOMOK
CHMMETPHYHEIE
V-o6passurie co ckocoM | Pyynast apromo-ny-j 6—20 1,5 1,6—2 60
06eHx KPOMOK roBasi® cBapka aJio-
MHHHSA
X-o6pasenie ¢ ABYMS To e 15—30 | 1—1,5 2—5 65
CKOCaMH O00eHX KpPOMOK
CHMMETPHYHEIE
V-o6pasHeie €O CKOCOM | ABTOMAaTHYecKas 6—20 | 0,5~1 4—-5 50
00enx KpOMOK aproro - Aayropas
CBapKa aJIIOMHHHS
X-o6pasubie ¢ ABYMS To xe 15—30 | 0,5—1 4—5 50
CKOCaMH O00eHX KPOMOK
CHMMETPHUYHBIE

Hble MaTepHaJbl AJ1s1 CBAPKH YEPHBIX, IBETHLIX METAJJIOB H OHMETaJJIOB yKa-
dansl B PTM 30—61. [lasa pyuHOil 3J1eKTPOLYrOBOH CBapKH CTallH MapoK
C1.3, BC1.3, 20K peKkoMeHAYIOTCS 3JeKTpolnl THia D42 H D42A, nast cBapKu
cranu mapok 09I'2C, 16I'C — saektponsl D50A, cranu 12MX — 3J1eKTpOAbI
3-MX, craan 12XM —saextponn  3-XM, craan X5M — 3seKTPOHI
3-X5M .

ITpu aBTOMaTHuecKoll H I0JyaBTOMAaTHYeCKOH CBapKe CTaJH NOA (o~
COM PeKOMeHIYITCsl: AJsi cBapkH crand Mapok Cr.3, BCt.3, 20K — cBapou-
nasi npoBosioka CB.08, CB.08A u ¢uoc mapkn AH-348A win OC11-45; nasa
cBapkH craau 160C tonmunoi He Gonee 18 um u cranu 09T'2C Tomuuuol He
Gosnee 22 mm — npoBosioka CB.O8TA u duioc mapkn AH-348A; nust cBapku
ctagd 160C tommunoil cBuime 18 mx u cranu 09T'2C  ToyuMHOH CBHILIE
22 mm — npoposoka Ce-12M u ¢uoc AH-348A; nas ceapku cranu 12MX —
npoeonoka CB-10MX u ¢uroc mapku AH-15; nas capku cramu 12XM —
npososioka CB-10XM u ¢aroc mapku AH-15.

ITpH 3J€KTPOLUIAKOBOH CBAapKe CTAJNH PEKOMEHAYIOTCS! ISl CBAPKH CTa-
au mapok Ct.3, BCr.3 npoBonocka CB.08 u ¢moc Mapku AH-22 unu AH-§;
nJst cBapk cranu mMapok 20K — npoBosioka CB-08T'A u ¢uioc mapok TK3-
JI511, ®L16, P17, AH-348, AH-8; nas cBapkm cramu 09I'2C u 16I'C — npo-

17




sosioka CB.10I'2 u ¢duwoc mapku AH-8; nas cBapku crand X18H10T — npo-
Bosioka CB.0O8X19H10B u ¢uioc mapku AH® unu 48-O0-6.

IIpumMereHHe COeNMHEHU BHAXJIECTKY MOXeT ObITh NONYIIEHO JUIIb AJsT
TOHKOJIHCTOBBIX KOHCTPYKLH TOJIIHMHON 2—4 mMm.

CoenHHeHHs1, cliellUQHYHbie AJisT KOHKPETHBIX JIHCTOBBEIX KOHCTPYKIHUI
(pe3epByapoB, rasronbfepoB, OYHKepoB u Ip.), paccmorpenst Bo II u III
4acTAX KHHTH.

§ 5. OB30P PA3BHTHS U HANTPABJIEHHUSI HCCJIELOBAHUN NMPOEKTHPOBAHHUA
H MPOU3BOACTBA JIHCTOBBIX KOHCTPYKIHA

CTpOHTENbCTBO pe3epBYapOB, SIBJISIONIMXCS OJHHMH M3 NEPBHIX JHCTO-
BHIX KOHCTPYKLIHH, LIJO MapajjesbHO PasBHTHIO He(TAHOH NPOMBIILJIEHHO-
ctH. Xorsi HedTh H3BECTHA UYEJOBEUECTBY HE MEHee TPEeX ThICSUeNeTHH, ee
IpoMbilJIeHHas gobblua Hayanach TOJbKO B KoHue XVII B, a mHpokoe Hc-
NOJIb30BaHHe — JIHIIB ¢ cepefuHbl XIX B.

B 1859 r. Bupatomuiics pycckuil yuensiél Jimurpuit MiBanoBuu MeHze-
neeB (1834—1907 rr.) paspabGoran nporpaMMy KOpPEHHOH peopraHH3aliu
TPAHCIIOPTHPOBAHHSAl H XpaHeHHsl HedTH. B 1863 r. MengeseeB BnepBhie
NpeAJoKHJ MPHMEHSITh TPyOGONpoBoABl AJsl TPaHCNOPTHPOBAHHS He(dTH.
IlepBuiit cGopHelil HedTenpoBon Banaxansl — Baky 6bl1 coopyxxen B 1878 r.
no ueHnHaruBe 1. M. MeHpneneeBa u npHu ero yuactuu. IlepBmifi marucrt-
panbHH KepocHHONpoBol baky — Barymu nporsixkeRHocTbro 883 Kum 1o-
ctpoed B 1904—1907 rr. Takxke no uudnHaruse JI. . Menneneesa.

OrpoMHBIil BKJIAA B PasBUTHE JIHCTOBHIX KOHCTPYKIMIl BHEC BLIJAIOLIHii-
csl pycCKHH HHXKeHep, H3o0perarTesb H HCCJIENOBAaTENb, JaypeaT JleHuHCKo#
IIpEMHH, NMOUYETHHIH akKafeMHK Baagumup [puropwveBuu Illyxos (1853—
1939 rr.).

JJas1 Bcex oTpaciieil HeTAHOrO HeJia, HauHHas ¢ JoObud HedTH U KOH-
yas CKHMraHHeM HedTsiHBIX ocTaTKoB, lllyxoB paspaGoran opUrHHAJIbHBbIE
KOHCTPYKIHH, COOPYXKEHHSI W anmnapartypy.

B 1884 r. 6n1a onybankoBana MoHorpadus B. I'. llyxoa «Hedrenpo-
BOIB H UX NPHMEHEHHE B NPOMBILIJIEHHOCTH», B KOTOPOH H3JIOXKEHbl BOTIPOCH
pacyera He()TelPOBOLOB H BLHIGOp 3KOHOMHYECKH LeJjiecooOpasHbXx BapHaH-
TOB TPAHCIOPTHPOBaHHUsl He(TH H He(pTEenPOAYKTOB.

B. I'. HlyxoB npuMeHHJ BepTHKaJbHble LHJIHHAPHUYECKHE pe3epBYyapHl
sl XpaHenusli HepTH H HeTENPOAYKTOB, HMEWIIHE NJOCKOe AHHILE Ha Iec-
YAHOM OCHOBAHHH H KOHHYECKYIO KPOBJIO, H paspaboTal TEOPHIO NPOEKTHU-
poBaHHs pe3epByapoB MHHHMaJsibHOro Beca (1878 r.). B nomoGumix pesep-
Byapax GoJbmioit emkoctH B. I'. IllyxoB BriepBele Npeiyioku H3MEHATb TOJ-
IIMHY CTEHKH KOpIyca 110 BBEICOTE, YTO. 0Gecneutyic 3HAYHTENTbHYIO0 S3KOHOMHUIO
cranmu. B Te ropel, kKorpa IllyxoB npuMeHsin nporpeccUBHBIE KOHCTPYKTHBHEIE
¢opMbl, cTaJbHBE pe3epByaphl, CTPOHBIUHECS 33 IpaHHIel, HMeMU IJIOCKHe
CTEHKH, NPSIMOYToJIbHYI0 (popMy, OeTOHHOE OCHGBAHHE H OTHOCHTEJIBHO 6OJb-
ol Bec.

B 1896 r. Ha HHxeropoackoil BLICTaBKe AEMOHCTpPHpOBAaJjach ceTyaTasi
BopoHanopHas 6aiuns cucreMmul lllyxoBa (puc. 1.10) B BUZe OAHONONOCTHOTO
riunepGoJicHAa BpalleHHsl, B KOTOPOH MPOYHOCTh TapMOHHYHO COYeTasach
C aXYPHOCTBIO COOPY2KEHHS], YAOOCTBOM W3rOoTOBJIEHHs H MOHTaxa. Ilpamo-
JHHEHHble HOH GalllHH M0 BBICOTE CKPEIJIEHbl KOJbIIAMH XKECTKOCTH, a B
MecTax IepeceueHHsl «IpaBbi€y U «JIEBHE» HOTH CKJENaHbl APYyr ¢ APYToOM.
IMTonoGHule «IIyXOBCKHe GalllHH» NMOJYYMJH IIHPCKOEe PaclnpoCTpaHeHHe Kak
B Poccun, Tak H 3a pybexom.

Brigamoliyocsi poJib B pa3BUTHH JHUCTOBBIX KOHCTPYKUHME chirpana ny-
roBasi 3JEKTpOCBapKa, NMpenJioXKeHHas pycckHMH wunxkenepamu H. H. Be-
Happocom (1842—1905 rr.) u H. I'. CnaBanoBum (1854—1897 rr.) B KoHie
npoiisioro Beka. B napckoit PoccHu 3JekTpocBapka He NOJy4YHsa IIHPOKOToO
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pacrnpocTpaHeHHsl H IPUMEHSJIACh IJIaBHBIM 06pa30M AJsi pEMOHTHBIX paboT.
3a ropn CoBeTckoit BlaCTH Hallla CTPaHa BHILLJIA HAa NEPBOE MECTO B MHpe
N0 NPHMEHEHHIO 3JIEKTPOCBAPKH B CTPOHTEJLCTBE H NP OMBIILJIEHHOCTH.

HIupokoe npHMeHeHHe SJEKTPOCBApPKH OOGDBSICHSIETCS 3KOHOMHYHOCTDBIO
CBAPHBIX JIHCTOBHIX KOHCTDYKLIHH 10 CPaBHEHHIO ¢ KJellaHLIMH, B KO-
TOPHIX 0Opa3soBaHHe OTBEPCTHI H KJENKa
SIBJISIIOTCSl BeCbMa TPYALOEMKHMH H LOPOTH-
MH onepanuaMH. [IpuMeHeHte CBapKH 103~
BOJIHJIO 3HAYUTEJbHO YIPOCTHTb pelleHHsI
JIMCTOBLIX KOHCTPYKUMH U CO3[aTb HOBbIE
KOHCTPYKTHBHBle ¢opmbl. B Hacrosiee
BpeMsl CBAaPKa B JIUCTOBBIX KOHCTPYKIHSIX
NIOJIBOCTBIO BHITECHHJIA KJIENKY.

I'pomangHoe 3Hauenue [Js1 pasBUTHSA
JIUCTOBHIX KOHCTPYKLUI HMeroT paboTsl no
ABTOMATH3allMH CBapkH, NPOBOAHMBIE TO-
JaoBubiM B CoBerckom Coroze HMuctuTyTOM
sjekTpocBapkd uM. E. O. ITatoma AH
YCCP, pykoBomumbiM akan. B. E. Ila-
TOHOM, ¥ rJiyOOKHe TeopeTHYeCKHe H 3KCIle-
PHMeHTaJIbHble HCCJIeOBAHHS CBaPOYHBIX
HanpsixkeHu# H JedopMaluil JHCTOBLIX KOH-
CTPYKLHH, mpoeefeHHble akaa. H. H. Pu-
kKanunuM, I'. A. Hukonaessim, H. O. Oxep-
6aomom, b. C. Kacatkunsim, A. A. Kasumu-
poBuiM. [loMMMO [yroBoil cBapkH B JHCTO-
BbIX KOHCTPYKUHMSIX MNPUMEHSIIOT 3J€KTPO-
LIJIAKOBYIO CBapKy. B HekOTOpbIX cayuasix
(npH coennnenuu 6es pacnyaBieHHs] TOH-
KHX JIHCTOB H3 aJIIOMMHHS, MelH, CTaJju
H p.) LeJecoo6pasHo npHMeHeHHe yabTpa-
3BYKOBOH CBapKH, CBADKH 3HeprHeil B3phiBa
H XOJIOCNHOH CBapKH.

B ob6aacru paspaGoTKu TeopHH pacue- &
Ta JIHCTOBHIX KOHCTPYKUHI BBIAAIOIIEECS
MEeCTC NPHHAJEeXUT poyTeI'l{eCTBeHI}l{bleyqe- Puc. 110 Bonoranopnas

Gamns cucremm B. I'. Hly-
HBIM. xoBa
3aMeuaTesbHble paboThl MO  co3fa-
HHIO H paspaboTKe TeopHH o06OJIOYeEK, IIU-
POKO HCIIOJb3YeMble NPH TPOEKTHPOBAHMH JIHCTOBBIX KOHCTPYKIHE, MpH-
Hajnexar akanemuky B. B. HoBoxusoBy, B. 3. Baacopy, A. JI. Tonbaen-
Beitzepy, A. M. Jlypve (3a py6exom — C. I1. TumMowenko).

Kpaesoit s¢pdexr B ocecuMMeTpHUHBIX 060IOUKaxX rJy60KO HCC/enoBan
H. 51. Ultaepmanom, I1. JI. Mactepuakom (3a pyGexxom — H. B. Tekkede-
POM), a B MPOU3BOJbHON yNpyro#t obosouke — akan. I0. H. Pa6oTHOBHM 1
A. JI. ToabnenBeitsepom. 3t pa6oTsi HCIIOJIb3YIOTCS TIPH pacyere IUBOB CO-
TNIpsIXKEHHs1 NePeceKalolHxcsi 060J0UeK JIHCTOBBLIX KOHCTPYKIHIL.

HauGousee ray6okue nccnenoBanns ycroiunBocTH 3aMKHYTBIX 000JI0YEK
npusazgnexar II. @. Ilankosuuy, A. C. Bombmupy, X. M. Mywrapu, A. B.
Toropenosy, B. . ®eopocweny, C. A. AnekceeBy (sa py6exom C. 1. Tumo-
urenko, P. Musecy, J1. Jlonneny, T. Kapmany).

3a roapl CoBeTckoil BJACTH MacmTabbl NPHMEHEHUS! JHCTOBHIX KOHCT-
PYKIHMil Ype3BEIUalHO BO3POCJIM, M B 3Tofl 06JACTH HAIUM yYEHblE H HHIKEHe-
PBl PELIMJIH MHOTO COMKHBIX TEOPETHUECKHX, KOHCTPYKTHBHBIX H MPOM3BO/-
CTBEHHBIX 3a/au. Tak, HanpuMep, B Hacrosiuiee Bpemsi B CoBerckom Coroze
NepelIi Ha HOBBIM BHICOKONPOU3BONHTEJbHLIH METON CTPOUTENLCTBA HEra-
OapHTHBIX BEPTHKAJbHBIX IHJIHHADHYECKHX Pe3epPBYapOB M3 TOJOTHHIL 3a-
BOJCKOI'0 H3TOTOBJIEHHS], CBEPHYTHIX B rabGapUTHBIE PYJIOHE H JOCTABJSIEMBIX
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B TaKOM BHJl€¢ Ha MOHTaXHYI0 IJIomaaky. [licmaip NOoJOTHHILA ROCTHraeT
1000 »2, a Bec pysnona — 60 7. Ilpu 3TOM pyunasi cBapKa 3aMeHsieTcsl aBTO-
MaTHYeCKOH, c60PKa MeXaHH3HPYeTCsl, @ H3TOTOBJIEHHE PYJIOHOB KOPIyCa M
AHHILA IPOH3BOAHUTCS MG IIOTOYHO-KOHBEHEPHOH cHCTeMe.

['0JIOBHEIMH HHCTHTYTaMH 10 [IPOEKTHPOBAHHIO H HCCJIELOBAHHIO JHCTO-
BolX KOHCTPYKIHME siistiores: [IHHMHIIpoekreTanbkoneTpykuus, Tunponed-
teMaw, HHMHWXummam, Hucruryr ssaektpocBapku uM. E. O. ITatona,
BHHMMMontaxcnencrpoit 1 BHUHCT. 3a nocjiefHHe rofbl coBeTcKasi MIKO-
Jla NPOEKTHPOBAHHsI JIMCTOBBIX KOHCTPYKLHII CO3Jajla TakHe COOPYXKEHHS,
KaK NoOMeHHble neyn o6beMom 2700 #° H GoJsiee; MOKpBIE Tas3roJibAephl eMKO-
cTbio J0 30 TBIC. M3; CyXHe rasroJibJephl ¢ 3JACTHYHBIM KOJbIEBHIM (apTy-
KOM IO MepHMeTpy MOpINHs eMKOCTbio Ao 10000 »3; psig mMarucTpasibHBIX
TpybonpoBonos AuaMerpoM 10 1420 mm 3HAYMTENBHOH NPOTSKEHHOCTH;
mapoBsie pesepByapn cO6bemom 600 u 900 #3, pasjenuem 18 xI'fcm? pnsi
CXKHXXEHHOro NpoliaHa H3 TepMOYNpPOuUHeHHOH crajH Kiaacca C60; mapoBbe
pesepByapsl emKkocTbio 2000 2, naBnennem 2,5 kI'/cm?; THIIOBbie BePTHKAJb-
Hble IHJIHHADHYECKHE pe3epByaphl JIsl XpaHeHHs] HedTH H HedTENpPOLYKTOB
npH H3ObTouHOM AaBjeHHH 10 200 mm 800. cT., eMKoCcTbIO o 20 Thic. M3,
THIIOBbl€ BepTHKaJIbHble NUJHHAPHYECKHE Pe3epByaphl AJIs1 XPAHEHHs GeH3H-
Ha nog AasJjesHem 1o 3000 mm 6800. c1., o6beMom Ao 5000 #3; pesepByaphi ¢
IaBaioled Kpbiueil Ansi chlpoil HepTH UM GeHsHHAa BMECTHMOCTBIO N0
50 Thic- #3 U MHOTHE ApYrHe JIHCTOBEE KOHCTPYKIHMH [JIsl PA3JHYHBIX OTpac-
Jiell HaponHoro xosstiictBa CCCP.

§ 6. OCHOBBI 3KOHOMHKH JIUCTOBBIX KOHCTPYKUHHA

IIpH cosnanuM JHCTOBBIX KOHCTPYKIHI, KK H JIIOOBIX APYTHX COOpYHKe-
HHH, oOecneyeHHe HX 3KOHOMHUYHOCTH sIBJISIETCS! BaXKHEHIIHM BOIPOCOM npo--
eKTHPOBaHHsl. JKOHOMHYHBIM pellleHHeM OYZAET TO, B KOTOPOM HaHboJiee 110J-
HO YIOBJIETBOPEHBl BCe TpeOOBaHMsl, NPENDBSBISEMBIE K COOPYXKEHHIO:
MHHHMAJIbHBIA pacxof, MeTasJa H APYTHX MaTepHasoB, TEXHOJOTHYHOCTb KOH--
CTPYKIHi1, y106GCTBO HX TPAHCIIOPTHPOBAHHS, MAKCHMANbHASI CKOPOCTh MOH~
Taxa, CHH:KeHHe KallHTaJbHBIX 3aTPAT H 5KCIyaTallHOHHBIX PACXCAOB, LOJI-
FOBEYHOCTb H HaHOoJsbiee yAo6CTBO SKCIUTyaTalHH. B KaXIoM KOHKpeTHOM
ciyyae KOHBIOHKTYPHbIE€ BONPOCEH], HaIPHMEP OTCYTCTBHE ONpefesieHHBIX Ma-
POK cTaseil, BLICOKasi CTOHMOCTb GoJiee IIHPOKHX JIHCTOB, BO3MOXHOCTH 3a-
BOJACKOTr0o 0GOPYLOBaHHS, H3TOTOBJISIIOIIETO JaHHBE JHCTOBLE KOHCTPYKIIHH,
H T. ., MOTYT OKa3aThCsl CYILeCTBEHHBIMH K 3aMETHO OTPA3HTBbCSI Ha IKOHO-
MHYHOCTH COOPY2K€eHHs].

Bo MHOrMX JIMCTOBLIX KOHCTPYKUHsIX (PH3HUECKHH H3HOC HACTYyNaer pa-
Hee MOpPaJIbHOrO CTapeHHsi coopyXeHHs. OlHAaKO B psiie CJayyaeB CleLyeT
YUYHTBIBATb NPH NPOEKTHPOBAHHH BO3MOXXHOCTb HCIIOJb30BAHHSI COOPYIKEHHSI
AJIs1 HOBOTO TE€XHOJIOTHUECKOIO Npolecca HJIH H3MeHeHHsl craporo. [Ipumepa-
MH MOTyT OBbITb: N€PEBOZ NOMEHHHbIX Neuefl HA NOBHILEHHOE [aBJEHHE; YBE-
JIHYEHHE JlaBJIEHHs] MapoBO3AYIIHOH cMeCH B pesepByapax AJsl LJHTEJbHOTO
XpaHeHHsl OeH3HHa, cHipoil He()TH ¢ BHICOKHM MNOTeHIHMAJOM GeH3MHA H ApY-
THX JIETKOHCIIAPSIIOIIKHXCsl XHAKOcTeH; MNOBBILEHHe pabouyerc AaBJeHHS B
rasroJjibjiepax nocTosiHHoro cobeMa. TpeGoBaHHs 3KOHOMHH 3aJI0KeHH B OC-
HOBHBIX AOKYMEHTaX, ONPeAENSIOIHX THII H PasMepbl COOPYXeHHs: obrie-
COIO3HBIX CTAHJapTax, BEAOMCTBEHHLIX HOPMaJsX, HOPMax MPOEKTHPOBAaHHS
H HHCTPYKIHSIX IO pacuery H NPOEKTHPOBAHHIO KOHKPETHBIX COOPYXKEHHil.

TpeGoBaHHs1 NPOYHOCTH, SIBJSIOIHECS TaKXKe TpeGOBAHHSIMH 5KOHOMHY-
HOCTH, ONpPEJeJSIIOTCS B CTPOHTEJbHBEIX HOpPMax H MPaBHJAaX YeTHIPbMS KO-
apounHenTaMH: KO3 QHIHEHTOM YCJIOBHE PabOThl KOHCTPYKUHE 717; KO3(-
(GHUMEHTOM Meperpy3kH rn, NPeACTaBJSIIOMHM OTHOLIeHHe HaHGOJbLIed
BO3MOXKHON HarpyskH (BO3[eHCTBHs1) K ee HOpMATHBHOMY 3HAYEHHIO; KO-
(GHIHEHTOM OXHOPOLHOCTH MaTepHasa K, SIBASIIOMMCS OTHOLIEHHEM HAaH-
MeHbILIEr0o BO3MOXKHOrO 3HaYeHHs] NAHHOH NPOYHOCTHOM XapaKTEPHCTHKH
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(npemena TekydyecTH, BpPEMEHHOTO CONpPOTHBJIEHMs, Npelesia IJHTENbHOM
NMPOYHOCTH, Npefiesia NOJA3YYeCTH) K ee HOPMAaTUBHOMY 3HaueHHIO; Ko3ddu-
LHEeHTOM COYeTaHHUsl Harpy3oK C.

Kos¢pduunent sanaca B pacueTe no DONYCKA€MbIM HaNpPsi}KEHHUAM, NPH-
HAITOM B HOPMAax M MeTOAax pacyeTa Ha NMPOYHOCTb COCYIOB H ammaparoB
[124], paBen:

cn
§=E9 (l-l)

TA€ h-— cpeHeB3BellEHHOe 3HaueHHe KO3 (HIUHMeHTa MeperpyskH maefict-
BYIOIIHMX B JaHHOM COYeTaHHH (OCHOBHOE, JOMOJHHTEJbHOE, 0CO-
60e) Harpysok u BO3eicTBHH.

[lepexon K pacyery coCyIOB XHMHYeCKOil U HeTsHOH anmapatypbl MO
npeJejbHbIM COCTOSIHMAM MPHBOAHMT K GOJIbLIEH KOHOMHUHOCTH 3THX KOHCT-
PYKIIHIA.

JIncToBBIe KOHCTPYKLHH NPEICTaBJSIOT cO60ii YpesBbIYaHHO OTBETCT-
BEHHbIE COOPY2KEHH#, H NOTOMY K BbI6OpPY 3HaueHHH K03(GHIHEHTOB m, n K
¢ HeOOXOAHMO NMOAXOAMTH ¢ 0COO0H OCTOpOKHOCTBIO. JloCcTaTOYyHO cKasaTb,
4TO OGBIYHO CTOMMOCTb KHAKOCTH, XPaHHMOil B pe3sepByape, IPEBLILIAET
CTOHMOCTEL pesepByapa B HECKOJBKO Das; H3-3a CYTOYHOTO IPOCTOS] MOIHOH
NOMeHHOH neyH rtepsiercss okoslo 3000 T yyryHa, a KpymHOH LieMeHTHOH Ie-
ur — 1000 7 uemenra. Eme GOJbliHMH MOTYT 6HTbL IOTEPH B Pe3yJbTaTe
paspylleHHH CMeXXHbIX COOPYKEHHH, BBI3BAHHBIX HapyLIEHHEM CIJIONMIHOCTH
LaHHO¥ JIHCTOBOH KOHCTPYKIHMH. BerelcTBHe 3TOro BHIGOPY 3HayeHHH KO3(-
GULMEHTOB NEPerpysKH n, YCJIOBHH paGoThl M H cOYeTaHHi HAarpy30K C Mpef-
LIECTBYIOT TINATeJbHOE H3YyueHHe PabOoThl aHAJOTHYHLIX COOPYKEHHH H Ma-
TeMaTHYecKast 06paboTka CTaTHCTHUECKHX N AHHBIX, CBSI3aHHBIX C BONPOCAMH
IIPOYHOCTH, NOJrOBEYHOCTH H 3KOHOMHYHOCTH COOTBETCTBYIOUIHX JHCTOBBLIX
KOHCTPYKLHH.

KputeprieM 3KOHOMHYHOCTH COOPY:KEHHHl SIBJASeTCS Tak HasHBaeMas
yaeNnbHasi CTOMMOCTD, olipelesisieMasl BEJIHYHHOH CYMMbl KAaNHTaJbHBIX 3a-
TPaT, 3KCINIyaTAlHOHHBIX PacXo[0B, MOTepb NPONYKLHH NPH 3KCIJyaTaLHH
H HPOYHX PacxXol0B, OTHECEHHbIX K €[HHHIIC NMPOAYKUHH B €IHHHIY BpeMeHH
HIH K €JHHHLE €MKOCTH JIHCTOBOH KOHCTPDYKUHH. YeM MeHble yIeJbHas
CTOHEMOCTD, T€M BbIllIe SKOHOMHYHOCTb COOPY2KEHHS].

3HaueHHe yNeJbHOH CTOHMOCTH MOXKHO ONpPEAENHTb Mo (GopMyJie

V= (%4 Gt Cot o). (1.2)

3mece g — KonmMuecTBO BbIpaGaThiBaeMo B TON NPOAYKLHH (Hampumep,
1151 JOMEHHOH IeYH — BeC BBHINJIABJSEMOrO YyryHa, AJs HeMEHT-
HOH TIeYH — BeC LieMeHTa, AJsl YCTAHOBKH KAaTaJHTHYECKOTO
KPEKHHIa — BeC BblpabaTbiBaeMoro 6eH3HHA H T. 1.); KOJHYECT-
BO XpaHMMOH NPOAYKUHH AJISi COOPYKEHHEH, NpefHasHaueHHbIX
ISl XPaHEeHHs1 KHAKOCTeH, ra3oB !, chinyyux BellecTB (IJs pe-
3epByapoB, rasroJplepoB, OYHKEPOB, CHJIOCOB); KOJHYECTBO
TPaHCNIOPTHPyeMO# NPOAYKLUHH IJisi TPYGONPOBONOB, pelHa3Ha-
YEHHHIX U1 TPAHCMOPTHPOBAaHHs T'a30B; KHAKOCTEH, pasMmeb-
YEeHHBIX HJIH Pa3KH:KEHHbIX TBEPABIX BelllecTB (TasonpoBOJOB,
He¢TeNnPOBOAOB, BOAOBOAOB, YIJENPOBOAOB, MAacCONMPOBOLOB
HT.1IL);
b— npHHATOE YHCJIO JIeT 3KCINIYaTailHH KOHCTPYKUHH (HOMHHAMb-
HBIH CPOK CJTy?KObI COOPYIKEHHS) ;
Cy — BeJIHUHHA KaNHTAJBbHBIX 3aTPAT HA COOPYIKEHHE;

! Ilpu XpaHeHHH ra30B IOH Pa3THYHBIM AaBleHHeM HeOOXOLHMO YUYMTHBATh He BECh
ofbeM rasa, XpaHHMOrO B rasrojibjiepe, a JIMIIL TY 4acTh, KOTOpas MoxeT ObiTh HCIOJib-
30BaHa /7 NPaKTHUECKUX IleNell,
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0 — K03(GQHIHEHT aMOPTH3alUHH, YYUTHIBAIOUIMH BEJHUMHY aMOPTH-
3alHOHHBIX PacXOJOB Ha KaNHTaJlbHble 3aTpPaThl 3a HOMHHAJb-
HBIH CPOK CJIy2K 6Bl COOPYIKEHHS:

a=1+%, (1.3)
Cx
C,— BelHYHHA aMOPTH3AUHOHHBIX 3aTPaT 3a HOMHHAJBHBEI CPOK

CIy 0Bl COOPYIKEHHS,;

C,— BeslHYHHA 3KCIyaTalHOHHLIX PacXoloB B rof (B 3TOfl cTaThe
NpelyCMaTPHBAIOTCA PacXOlb! MO CONEPKAaHHIO OGCIyIKHBAIO-
1ero nepcoHaja, apeHja TePPHTOPHH, CTOHMOCTD mepepabaTsl-
BaeMOH, XpPaHHMOH HJIH TPaHCIIOPTHPYEMOH NpPOAYKIHH, CTOH-
MOCTb PEMOHTOB);

C,— BelHyHHA MNOTepb NpPOAYKUHH B TeyeHHe rofa (B JeHEXKHOM
BBIp a7KEHHH) ;

Ch.p— BeJHYHHA NPOYHX PAcXOLOB B TOL.

BesnvynHy notepb NPOAYKLHH MOXKHO PacCMaTPHBATh KaK COCTaBJSIIO-
L1y BEJIHYHHBI 3KCIVTYaTalHOHHBIX PacXOll0B, ONHAKO B CBAISH C BO3MOXKHO-
CTBIO MOTEPh OCOGEHHO LIEHHBIX NPOJAYKTOB IJisl HEKOTOPHIX BHIOB COOPY3Ke-
HHil HeOOXOAHMO OTHENBHO AHAJH3HPOBATb 3HAYEHHE 3TOH COCTAaBJAIOLICH.

Benuynna kanutanpHbix 3atpat Cy, BXOAAllas NEePBOH COCTAaBJSIOILEH
B ¢opmyay (1.2), B OCHOBHOM 3aBHCHT OT NPaBHJBHOTO BHIGOpa KOHCTPYK-
THBHOH (POPMBI COOPYXKEHHsi, TaK Kak OHa B NEPBYIO Oyepelb BJAHSAET Ha
3KOHOMHYHOCTH COOPYXKeHHsI W IpelonpelesisieT HanpsizkeHHOe COCTOSIHHE
KOHCTPYKLHH, a CJeJOBaTeJIbHO, H BeC COOPYXKEHHs, KOJHYECTBO OTXOMOB,
TEXHOJIOTHYHOCTH B H3TOTOBJICHHH H MOHTaxe, TPaHCMOPTaGesbHOCTD, Ya06-
CTBO 3KCIIyaTauHH. 3aBHCHMOCTb 5KOHOMHYHOCTH COOpPYIKEHHsI OT NpHHS-
TOH KOHCTPYKTHBHOH (opmbl paccMmoTpena Bo Il yacTe kKHHrH.

§ 7. MPOBJIEMA N OJITOBEYHOCTH JIHCTOBbIX KOHCTPYKILHHA

[loBbllIeHHE [OJNTOBEYHOCTH JIHCTOBBIX KOHCTPYKLUHH MOKET GHITBH IO-
CTHTHYTO CJIeIYIOIHMH MepaMH:

1) BHIGOPOM KOHCTPYKLHOHHOIO MarepHaja, CTOHKOTO NPOTHB arpeccuB-
HOTO fiefcTBHSA pabouell cpeabl;

2) BoIGOpOM HajJexxamlell KOHCTPYKTHBHOM (GOpPMH;

3) NOKpHLITHEM MEeTOAOM PAaCHbUIEHHs] MEHee CTOHKHX MaTepHaJoB 60-
Jee CTORKHMY;

4) cospanueM Ha NMOBEPXHOCTH MeTaJlla 3ALUMTHOH NJIEHKH IyT€M XH-
MHYECKOH HJIH 3JIEKTPOXHMHYECKOH PeaKIHH;

5) 3allUTOH OCHOBHOrO KOHCTPYKLHOHHOTO MaTepHala CJOeM KOPPO-
3HOHHOCTOMKOTO Marepuana (NJakHpoBaHHe HJIH (GyTepOBKa);

6) mOABOAOM K JIHCTOBOH KOHCTPYKLHH 3JEKTPHYECKOTO TOKA, MPOTHBO-
TIOJIOZKHOTO MO 3HaKy KOPPO3HOHHOMY TOKY (KaTOAHasl 3allliTa), HJIH TNOJ-
KJIIOYEHHEeM K 3allHil[aeMOi KOHCTPYKUHH 3JE€KTPOAOB H3 APYyroro Merana,
KOTOpble KOPPOAMpPYIOT, 3allHilasi ‘OT KOPPO3HH OCHOBHYIO KOHCTPYKIIHIO
(npotekTOpHas 3aIHTa);

7) UMHKOBaHHEM OOBLIYHBIX CTAJBHBIX GOJITOB H KaIMHPOBAaHHEM BEBICO-
KONPOYHBIX GOJITOB (M COOTBETCTBEHHO raek W MIai6), COENHHSIOMHX CTaflb-
Hbl€ H aJIOMHHHEBble YacTH KOHCTPYKUHMH IJs NPeNOTBP allleHHs] KOHTAKTHOMH
KOpPpO3HH;

8) BBelleHHeM B pabouyl0 Cpelly HMHTHOGHTOPOB C LEJbIO CHHXKEHHS ee
arpeccHBHOCTH.

[lnacTMaccoBble NMOKPHITHA, HAaHOCHMblE Ha YIJEPOAHCTYI) CTalb CO
CTOPOHBI arPeCCHBHOM CpPeabl METOAOM HamblIeHHsi (B pPe3yJbTaTe yero mo-
JIy4yaeTcsi MeTaJJIOIJIacT), MOBBILAKT JO0JTOBEYHOCTh KOHCTPYKUHMH. Tpyno-
eMKOCcTb HaHeceHHs | M2 JakOKpacoyHbIX NOKphiTHE H3MeHnsiercs ot 0,1 mo
0,3 yen.-uac, ralpBaHHYeCKHX MOKPHITHH — 0,15 yes.-yac, a NaacTMAacCOBBIX,
HAaHOCHMbIX METOIOM HallblIeHHs, cocTaBJsieT Beero 0,05 yen.-yac.
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KousefiepHasi JuHus nJs1 HaHeceHus NMOJIHMEPHBIX NOKPBHITHH OKYIHTCS
82 ONHH-NIOATOPa ropa, TpebGyemble NJii HaHECEHHS IJIACTM ACCOBBIX MOKPHI-
THH NPOH3BONCTBEHHBIE MJIOLIAH COKPATSATCS MO CPaBHEHHIO C JIaKOKPacoy-
HBHIMH B IOJITOpa-1Ba pasa, 3HAYHTENbHO YMEHbIUATCS H MOTePH MaTepHAJa.
Heo6xonumo, onHako, yyHTHIBATb, YTO MIaCTMAacCOBOE NOKPLITHE HMEeT HH3-
KYIO TENJIOCTOMKOCTb  (€T0 MOXHO SKCITyaTHPOBATh MPH TeMneparype He
Beile 70°C) # uto K03 PHUHEHT JHHEHHOrO pacllHpenns A5 yriepoaHCTOH
cramu a=0,000012, a nas nosmstunena a=0,0001 (B 8,3 pasa Gosblue).
ITostomy MeTannoniacT MOXKHO MPHMEHSTH JHIIb JJIsi JTHCTOBBIX KOHCTPYK-
IHH, SKCIUIyaTHPYeMbIX IPH TemmepaType He Boie 70°C NPH OTCYTCTBHH
3HAUMTEJIHOTO mepernajia TeMnepaTyp.

AnnapaTel BO3AYWHOTO PACHBIIEHHS MOMKHO NPUMEHATh IJI1 BCceX TPyH-
TOB, 1151 MACJISHBIX, NeHTadTaleBblX K IMH(TATeBbIX KPACOK, I NEPXJI0p-
BHHHJIOBBIX 3MaJjeil. [lnf HapyKHOH NOBEPXHOCTH AHHII BEPTHKAJIbHBIX
P€3epByapoB M rasrobaepoB, NOKOALIHXCS Ha MecYaHOM OCHOBAHHH, HAHGO-
Jlee Les1ec000pasHa KaTOAHAs 3alllUTa; IJIsi XBIMOBHX TPYO, NMOABEPT Ao HX -
Cs1 IOCTOSIHHOMY .BO3J€HCTBHIO T'OPSIMHX CEPHHCTHIX T'a30B, — 5MaJHPOBAHHE.
Hapyxxueie noBepxHoctr peseppyapos aus He(TH U He(DTENPOLYKTOB MOKPHI-
BAIOT aJIIOMHHHEBOH KPACKOM, a HX BHyTpeHHHe NOBEPXHOCTH — NEPXJOPBH-
HHJIOBLIMH 5MaJsIsIMH HJIH LEMEHTHBIM TOPKPETNOKPHITHEM (BHYTDeHHHE IO-
BEPXHOCTH 3aLUHINAIOT TOJbKO B Pe3epByapax AJsi XPaHEHHS arpPecCHBHBIX
AHUAKOCTeil). BHyTpenHHe u HapyXXHbe NMOBEPXHOCTH TeJeCKOma H KOJOKOJA
MOKPOrO rasrosiplepa MNOKPHIBAIOT CBHHIOBLIM CYPHKOM Ha HAaTypaJbHOI
onue (3a HCKIIOUEHHEM HapyKHOM NOBEPXHOCTH KPHIIUH, KOTOPasl 3alllH-
LL2€TCs OT KOPPO3HH NOJHXJIOPBHHHJIOBOK 3Malbio), a BHYTPEHHHE ¥ HapyK-
Hbl€ MOBEPXHOCTH pe3epByapa rasrosiblepa — allOMHHHEBOH KpacKoii.

ITo npepmnoxenuro mucTHTYTa I'MnponedTeMam HaudHaer BHeJPATbCS
HOBbIH METOJ 3aIUUThl MOKPHIX [a3rOJbIEPOB OT KOPPOSHH, COCTOSIHN B
TOM, 4TO paGoyHe MOBEPXHOCTH rasrOJbAEPOB CMauMBAIOT CIELHaJbHON 3a-
UIHTHOH JKHIKOCTBIO, HAJTHTOH Ha MOBEPXHOCTb BOJHI B pesepByap H B THLpO-
3aTBOPBI rasrojpaepa. CTOHMOCTb 3alHTH OT KOPPO3HH MO 3TOMY MeTony
coctaBiser Beero 5—10% croumoctn pabor npu 3auiuTe rasroJibAepoB Ja-
KOKPaCOYHBIMH NOKPHTHAMH [17].

a5 mosyueHHsi BBICOKOKaYecTBEHHOTO NMOKPBLITHSAl TIOBEPXHOCTL JHCTO-
BOH KOHCTPYKLHH JOJKHA GBITH XOPOLIO OYMINEHA OT P2XaBYHHE!, OKaJHHH,
XHpa, NbIK U TPpsA3H. JIyylIEM cnoco6oM OYHCTKH JIHCTOBOX KOHCTPYKIHH
SIBJISIETCS] [IECKOCTPYHHHI, TaK KaK OH CO3/4€eT IepPOXOBAaTOCTb, YBeJTHYHBA-
IOIYIO CLeNJIEHHE NOKPLITHS ¢ KOHCTPYKIHEH.

O6pa6oranHasi NECKOCTPYHHBLIM COCOGOM MeTaJIHUeCK asi NIOBEPXHOCTh
OBICTPO p2KaBeeT, H MOTOMY €€ clefyeT HeMeIJEeHHO TPYHTOBATb.

a5t yMeHblUIEHHs! MEICO6D a30BAHHST PHMEHSIOT THIPONECKOCTPYHHBIH
METO/, B KOTOPOM HCIOJIb3yeTCs CMeCh NecKa ¢ Bofoi. Bo nabexanue pxas-
JIeHHsl MeTaJllla K BojAe JAO0GaBJSIIOT COOTBETCT-
Bylollliie XHMHYecKHe BeiectBa (1—>5 2/4), Koto-
pblé 3aMelTIAIOT KOPPOSHIO H IO3BOJSIOT COXpa-
HHTb YHCTYIO MOBEPXHOCTb B TeueHHe 5—20 y.

[Ipu ouncTke raGapuTHLIX JHCTOBBIX KOHCT- ! v A
PYKUMil B crennalbHO OGOPYNOBAHHBIX MOMeIe- 2z A
HHSIX BMECTO KBapLEBOIO IECKa NPHMEHSIOT Me-
TAJITHYECKUI NECOK MJH CTaJIbHYIO NPOOH.

B Tex cllyuasix KOrJla NeCKOCTPyHHasi HAH  Ppe. 111, Cxema KatonHOft
npoGemMeTHasi OYHCTKA HEBO3MOXKHA, NPHMEHSIIOT ~ SallHTel NHMIA pe3epByapa
TOPLOBbIE IIIE€TKH H3 CTaJIbHOH IIDOBOJIOKH HJIHU I — nuyme; 2 — GHTYMHast H3ONs-

nusi; 3 — anon; 4 — rexHepaTop
1apOLIKH, 3aKPellJIeHHble Ha YAJHHEHHOM THGKOM
BaJy snaektpopsHrarens. [lociie oumctke c no-
BEPXHOCTel y[aJsiioT BOJOCAHON KMCTBIO HJH NBLIECOCOM OCTATKH MeCYaHofk
IbIJIH H XKHPOBBIe NSATHA.
Buewnsa samura [HHII BePTHKAJIBHEIX CTAIbHBIX pesepByapoB GHTYM-
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HOM M3oJasAIHeH H THAPOGOGHBIM CJOEeM HelOCTAaTOYHA, XOTA H HeoGXOoNHMa.
Hapsny c Takoll 3amutoii (OCOGEHHO NpPH arpeccHBHBIX 'PYHTOBBIX BOJAX)
HEOBGXOMHMO NPHMEHSITh KaTOAHYIO NMOJAPH3AUHMIO AHHIL HAH NPOTEKTOPHYIO
Bauuty. KatomgHas 3aiuTa COCTOHT B TOM, YTO [IHHIIE pe3epByapa HCKYcC-
CTBEHHO JeJaeTcsl KATOAOM NyTEM €T0 BKJIOUEHHS B LEllb MOCTOSHHOTO TOKa
(puc. 1.11). I'eHepatop npHCOCAHHAETCS OTPHIATEJBHBIM IOJIOCOM K pe-
3epByapy, a MOJOXKHTEJbHBIM — K aHOIaM H3 HEHYXXHOTO CTaJIbHOrO IPOKa-
Ta HJIH CTapbiX CTAJbHBIX TPYO, YJOXKEHHHIX B 3e€MJle BOKPYr pesepByapa.
[CpyHT CiIy?KHT 37€KTPOJTHTOM. AHOAB! Pa3pylLIAOTCsl BCJAELCTBHE 3JI€KTPOJIH-
3a, a JedeKTHble MecTa aHTHKOPPO3HOHHOTO NOKPBLITHSI OHHINA OKa3bIBalOT-
csl HaZleX<HO 3alllHIleHHbIME. MUHEMaJpHast BeJHYHHA 3aIHTHOrO NMOTEHIHa-
Jia E mHEIMa Mo OTHOLIEHHIO K 3eMJe posxkHa 6Geith 0,28—0,30 8, a MakcH-
manapHas — 1 8.

VBesHyeHHe 3al[HTHOrO MOTEHIHaJa Bbllle | 8 KpoMe NMOBLIIEHHA pac-
XONla 3JIEKTPOSHEPTHH BHI3LIBAET paspylueHHe GHTYMHOrO NOKPBITHs, KOTO-
poe pH 3TOM OTCTaeT OT JHHUIA.

IToCKOMBbKY CONPOTHBJIEHHE GHTYMHOTO MOKPBHITHA  OM - M%/#M BO MHOTO
pas Bhlllle, YeM MOYBbl H COEJHHHTEJbHBIX MPOBOJOB, HEOGXOMMMBIH 1JIs 3a-
LIHTH TOK

= E _EF (1.4)
R pb
rae F — niomans QHHINA pesepByapa B #%; §— TOJLIMHA H3OJSIIHH B M.
3HayeHHe NPOH3BEleHHs: PO MOXKHO NpHHEMath paBHbIM 100 ox - M2

KonHuecTBo aHOAHOH CcTalH oONpeieisercss H3 pacyera yHoca 9,1 ke
.cTajd B TOX TOKOM B 1 a. 3aseMJieHHe cJefyeT YKJIaAbBaTh HHXKe IJyGHHE
npoMep3aHHsi IPyHTa. FICTOUHHKAaMH NHTaHHS YCTAHOBOK KaTONHON 3alllHThHI
CJy’KaT CTaTHUECKHe MpeoGpasoBaTelH TOKa — BHIIPAMHTENH (KyNPOKCHbIE
il CeJIeHOBbIE), OTJIHYAIOUIHECS] NPOCTOTOH YyCTPOHCTBA, KOMIAKTHOCTBIO H
yoo6CTBOM 3KCIJIYaTalHH.

ITpotekTopHasi 3auiHTa 3akJIIOYaerTcss B NPHCOEJHHEHHH K pesepByapy
IPH NOMOILH NPOBOAOB, 3aKONaHHbIX B TPYHT, MNPOTEKTOPOB — KYCKOB METaJI-
Ja c 6osiee OTPHIATEJBbHBIM 3JEKTPOXHMHYECKHM MOTEHUHAJOM, YeM CTalb
(LHHK, aJIOMHHHH, Maruuil, cnaae coctasa: Mg—91%, Zn—3%, Al—6%).
HicKycCTBEHHO CO3[aHHBIA aHOMHBIA Y4acTOK MNpekpailaeT KOPPO3HIO 3Jie-
MEHTOB pe3epByapa, NpeBpallas aHOAHLIE YYacTKH JHHLIA B KaTOJHHIE;
eIHHCTBEHHLIM aHOAHBIM YUacTKOM CTaHOBHTCA NPOTeKTOop. B mpouecce pa-
60THl (npH pa3pylleHHH), HECMOTPS Ha TO UTO NPOTEKTOP MOKPLIBAETCs
cJ0eM NPOLYKTOB pacnajna, 3aulMTHas CHJIa TOKa He JOJIKHA CHHKAaTbCsl H
3JIEKTPOXHMHUECKHH S5KBHBAJIEHT NPOTEKTOPa HAOJKEH ObITb BHICOKHM (KOJIH-
YecTBO 3JIEKTPHUECTBA, MOJyuyaeMoe B yac C e[HMHHIBI Beca MeTallila, eciu
CUHTATh, UTO BeCh METAJJ PacXOLyeTcsl Ha CO3/laHHe 3alHTHOTO TOKa).

[TpoTekTophl NMOMEINAIOT B KOTJOBaHbi, BHIPHITbIE B TPYHTE; NPOCTPaH-
CTBO MEXAY NPOTEKTOPOM H TPYHTOM 3aNOJHSIOT CHELHaJbHOH 3achiNKOM.
Takasr 3aCHIIIKA, COCTOANIAs OOLIUHO M3 THUICAa H GEHTOHHTOBOH TIJIMHE (AJA
[IOYB BBICOKOT'O CONpPOTHBJeHHsI 1 yacTpb ryuHel ¥ 4 yacty MgSOs; nas nous
HHBKOrO CONpoTHBJeHHs 3 yacTd rauubl ¥ 1 yacte CaSOy- 2H20), o6ecneun-
BaeT JYULIHH KOHTAKT aHOAAa C TPYHTOM, YMEHBLIAeT CONPOTHBJIEHHE TOKY
MpH ero BhHIXOJE H3 aHoJda B TPYHT, CTAOHJM3HPyeT NOTEHUHaJ aHOAa, HC-
KJIIOUaeT ero NOJsPH3auHI0 H yMeHblIaeT COOCTBEHHYIO KOPPO3HIO aHOAa
(npotexTopa).

BepxHHH KOHell IPOTEKTOPOB NOJ2KeH HAXOMHTbCS HHKE MNOBEPXHOCTH
rpyuTa Ha 100—150 mn. C pesepByapoM aHOAbI COENHHSIIOTCS H30JHPOBaH-
HBIMH MeIHBIMH npoBofiaMu. CpOK JeHCTBHSI NPOTEKTOPOB (B rofax) COocTaB-
JIsier:

t=o,114G%, (1.5)
tne G— Bec NPOTEKTOPOB B K2;

q— SJIeKTpOXHMH‘IeCKHﬁ 3KBHBaJIEeHT aHola B a - lt/KZZ;
24



@ — K03GGHUHEHT MOJe3HOro HelcTBHS a”ona, pasHbii 0,5;
I — 3amuTHbll TOK, cO31aBaembiii aHOJIOM, B ma (ero BeJHUHHA H3-
Mensiercsi ot 30 go 500 ma).

CTpouTenbHble 3aTpaThl NPH NPOTEKTOPHOH 3amuTe GoJblue, yem npu
KaTONHO¥ TOJSPH3aLHH, HO 3aTO SKCITyaTalHOHHble pacxonbl HHxe. [Ipu
€POKe SKCIIyaTauHH JIHCTOBOH KOHCTPYKLHHE 10 10 JeT Gonee 3KOHOMHYH a
KaTOfHasi NOJNIAPH3alKs, a PH CPoke Gosee 10 meT — NPOTEKTOPHASA 3allH-
Ta. CTOHMOCTb KaTOLHOH H NPOTEKTOPHOH B3aIlMTHl COCTABJISET NPHMepPHO
2% croumocTH cMeHb! fHHINA pesepByapa.

dddexTuBHAT MOIIHOCTD YCTAaHOBKH KaTOLHOH NONSPH3AUHH [IHHINA
pesepeyapa emkoctbio 3000 #3, nuamerpom 19 4 NPH 3aUIHTHOM INOTEHI{HAa-
Je £=0,85 b, conpoTuBnenuy GHTYMHOTO NOKpsITHst 100 OM - 42 M 3amETHOM
Toke /=24 a paBHa W=2 67T; HeOGXOMUMBIH Bec AHOMOB NPH CPOKE CIIy 3K GBI
veraHoBkH 10 Jstet coctaBisier G=2,4.9,1-10=218 ke. AHopbl pacnosaraior
BOKPYT pesepByapa no KoJblly, palHyC KOTOPOTro Ha 1 s Gosbiie panuyca
pesepByapa; riy6HHa 3a0XKeHHsi aHOLOB ~ 1.5 .

paCCMOTpHM NPOTEKTOPHYIO 3aluuTy JHHILA pesepByapa I[IpH TeX Ke YernoBusx. Hpu
Hcnosb3oBanky | k2 aHoma us cnnasa Mg 919, Zn 3%, Al 6% BoamomxHO O6ecmeunts 3a-
IINTY OHHUILA B TeYeHUe

t=L 2% 0004 37 puch,
1 2,4
Ins samuTel nEEia B Teuerne 10 et TpH K. 0. 0. aHojoB, paBHoMm 0,5, notpeGyercs
MeTanna .
3705 = 198 ke,
HJITH =17 npotektopos (11,6 ke — Bec 2HONA M3 YKa3aHHOrO CIJaBa JHaMeTPOM

11,6
110 mm, pnunoi 650 mm). Cpennnit TOK Ha OfMH NPOTEKTOp

7 2’41000 140
—17 = ma.

Camblfi onacHbll Bup Paspyluetusl TMCTOBBIX KOHCTPYKLH NPelCTaBis-
€T XpynKoe paspylieHde. OCHOBHBIMH NpHYHHAMH XPYNKHX PaspylleHHE
CBADHLIX KOHCTPYKUHH SABJSIOTCH XJAIHOJOMKOCTD CTand, He6JaronpusT-
Hblfl XHMHYECKHH COCTAaB OCHOBHOTO M HanJaBJeHHOTO MeTasja, HeylauHoe
KOHCTPYKTHBHOe pellenHe H AedeKTh IIBOB, BBI3BIBAIOLIHE KOHLEHTP alHIO
HanpsiXKeHHil (TpeIHHEl, Togpesk, HENpPOBapH, NIOPH).

Xpynkoe paspylueHHe CTalH COCTOHT M3 ABYX CTaiHH: BOSHHKHOBEHHE
XPYIKO# TPELIHHbI K €e CaMONPOH3BOIBHOE pacnpoctp aHenue.

Anvanns Ha6monaBumxcs CJly4yaeB XPYNKOTO PaspyLIEHHS JIHCTOBBIX
KOHCTPYKUHMH NOKA3bLIBAET, YTO:

1) Tpemuna pacnpocrpaHsietcsi co ckopocTbio 1,2—1,8 km/cex;

2) TPElMHB HMEIOT XPYIKHi Xapakrep, 6e3 3aMeTHbIX OCTATOYHbBIX Je-
dopmanuii;

3) xpymkoe paspymeénue o6biuio NPOHCXONHT MPH OTPHULATENBHbLIX TEM-
N€paTypax u NPy HENMOJHOM 3arpPyKeHHH.

Ha BosuukHOBenue u PacnpocTpanenue Xpynko#l TPeIMHB OKAa3LIBAIOT
BJIHSIHUE CnocO6 MONYYeHHs CTaJH, TOJINIHHA Merasia, TeMneparypa, Koso-
(uLHeHT KOHUEHTpaLHH HanpskeHu# (KOHCTPYKTHBHas ¢opma), ckopoctn
NPHJIIOXKEHHS HATPY3KH HJH ObICTPOTA MOHMIKEHHS TEeMIepaTyPH NpPH 3Haum-
TE€JIbHOM TeMIlepaTypHOM mepenape, pasMep 3epHa, BOJIOKHHCTOCTL B H3JI0-
Me U ylapHasi BI3SKOCTb. YA apHas BA3KOCTb TIDH HUSKHX Temnepatypax (MH-
Hyc 40°C unmn munyc 70°C) XapaKTepusyeT CONPOTHBJASEMOCTb CTaH
BOSHMKHOBEHHIO TPEIUHH, a 3ePHHCTOCTh H BOJOKHHCTOCTE B H3JIoMe — co-
NPOTHBJISIEMOCT CTAJH HMX PacHpoCTPaHeHHIO. Menkosepructoie  cTajnm
CONPOTHBJIAIOTCS XPYNKOMY Pa3spyLUEHHIO JIyuwie, yem KPYNHO3€epHHCTHE
(3€PHHCTOCTL M BOJOKHHCTOCTD CTay onpenensiores no M'OCT 5639—65).
CroxofiHasi yrieponuctas craip meHee TIONBEPIKeHA XPYNKOMY paspylie-
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HHIO, yeM KMIAIas, a NOJYyCINOKOHHasA cTalb 3aHHMaeT MPOMEeXyTOYHoe Io-
JIOXKeHHe.

HccnenoBanus MoKasald, UTO yMeHblIEHHE TOJIIHHBLI JHCTOBOH CTaJH
CHHXKaeT KPHTHUECKYIO TeMNepaTypy yBsi3aHHsl XPyNKOH TpPEelIHHBI

BJausinHe npouecca PYJIOHHPOBAHHSl HAa CONPOTHBJISEMOCTb CTaJH XPym-
KOMYy paspylIEHHI0 He3HaYHTeJIbHO H MOXeT He YYHTHIBAaTbCH NPH OLEHKe
IPOYHOCTH JIHCTOBBIX KOHCTDYKLHMH, H3TOTOBJEHHBIX STHM METONOM, €C/H
TOJIIMHA YIJEPOAHCTOH CTaJH He IpeBbluaer 16 mm, a HH3KOJNETHPOBAaH-
HOl — 14 mMm. B TO e BpeMs HakJjen B pesyJbTate pacTsixeHus Ha 1,5 —
2% (uanpuMep, SKCNAHIHPOBAHHS TPYOONPOBOJNOB) 3aMETHO CHHXKaeT CO-
IPOTHBJAEMOCTh CTAJIH XPYIKOMY P aspylieHHIO.

VBesnueHHe €MKOCTH pe3epByapoB MOBBLILIAET OMAacCHOCTb HX XPYNKOro
paspylueHHsi BCJIEACTBHE YTOJIIEHHS JHCTOBOH CTAaJH.

s npefoTBpalleHys XPYNKOrQ paspylueHHsd. BEPTHKALLHHIX PEIEPBY-
apos B0AblIOr0 00beMa NpelJoXKeHO YCTaHABIHBATh «LACHTENb> XPYNKHX
Tpemmi B BHAE TOHKHX. HADYZKHBIX INOACOB, OCxkHMalomux Gojee TOJ-
eTers BHYTPCHHHE  HHXXHHE IM05C3_KODPNYG3. JTO NpeNJOKeHHe OCHOBAHO
AT TOM, UTO y TOHKHX JINCTOB KDHTHHYECKasl TeMIepaTypa yBsi3aHHs XPYIKOH
TPEUHHb 3HAYHTEJIBHO HUXKE, YeM Y TOJICTBIX.

INpuMeHeHue [BYCJOAHBIX HHXKHHX IOSICOB T2KOTO THIIA HJIH CpaBHH-
TEJbHO TOHKHX MOSICOB, OGMOTAHHBIX BbICOKONPOYHOH MPOBOJIOKOH, MO3BO-
JIsieT HCKJIIOUHTh BO3SMOXKHOCTBH XPYNKOTO paspylueHHusl.

Tepmuyeckoe ynpoyHeHHe CTaJjlell, MNOBBHILIAIONIEE CONPOTHBJAEMOCTD
CTa/K BOSHHKHOBEHHIO H PAcHpOCTPAHEHHIO XPYNKHX TPeIlMH, sBJsieTcs: 3¢-
¢exTHBHOH Mepoil 60pbOLl ¢ XPYNKHM paspyllieHHeM. D¢ pexkTHBHOCTD TEP-
MHUECKOLO YIPOUYHEHHS] CHHXKAETCSl C yBeJHUEHHeM TOJIMHE! JHCTOB. Toa-
LMHA JIHCTOB H3 TePMOYNPOYHEHHOI CTaJIH He IpeBblliaeT 32 MM, B TO BpeMs
KaK TOJIKHA HEeTEPMOYIPOYHEHHOM CTaji MOXeT mocTHratk 60 ma (manpu-
mep, cranu mapok 16I°'C, 10I2Cl, 0912C).

[NoBbimenHoe conepxaunne Mapranua (1,3—1,7%) B coueraHuu ¢ NOBbI-
weHHbIM cofepkanueM kpemHHs (0,56—0,8%) u NOHMXEHHBIM COAEpXKaHHEM
yraepoza (0,07—0,11%) nps MHHEMalbHOM collepxanud Qocdopa (He
Goaee 0,04%) u cepsl (ue 6osee 0,04%) obecneynBaeT HaNEKHOCTh SKCIIY-
ATAIMH JHCTOBbIX KOHCTPYKLMH M3 HM3KOJernpoBaHHON cTanu Mapku 09T2C
(TOCT 5058—65), Tommuuoii 4—60 mx npu munyc 70°C. Ilpu ykasanHOH
TeMIepaType yAapHasi Bsi3KOCTb 3TOH cTajli He MOJXKHA ObITb HHXe
3 kI -m/cm2. B ToM 2Ke OHanasOHe TOJUIHH IOCTABJAIOTCS JIHCTBI H3 CTaJH
mapox 16I'C u 10Ir'2C1 (I'OCT 5058—65), HO [Jsi HHX yldapHasi BS3KOCTb
paBHa 3 kI - m/cu? npu Temneparype muHyc 40°C, u moTomy He cleflyer Hc-
ONBb30BaTh CTaJb 5THX MapOK B YCJOBHAX O6ojee HH3KHX TeMIeparyp.
ViapHYIo BSI3KOCTb TPH NOHHXKEHHBIX Temmeparypax ompexensior no F'OCT
9455—60.

KOHCTpYKTHBHEE HEIOCTATKH = NPOEKTHBIX PelUeHHH JIHCTOBBIX KOHCT-
PYKUHE COCTOST B MPHMEHEHHH YTOPHOIO YrOJIKa B CONMPSAXKEHHM KOphyca H
JHHIa BEPTHKAJLHOTO LHJIHHAPHYECKOTO Pe3epByapa, YCHIHBAIOLUIHX HaKa-
IOK B CTHIKax JIHCTOB KOPIyCa, B JONYILIeHHH ONHOCTOPOHHEH CBapKH OTBET-
CTBEHHBIX CTBIKOBBIX IBOB, B NPHMEHEHHH HaXJeCTOYHbIX BODOTHHKOB B Me-
CTax NPHMBIKAHHA NaTpy6GKOB, WITYLEPOB H T. I

A7H HeylauHble PelIeHHs] CO3[AI0T B OTAEJbHLIX MECTax JIUCTOBBIX KOH-
CTPYKUHH NOBHILIEHHYIO XECTKOCTb H KOHLEHTPAlMIO HaNpPsiXKEeHHi, KOTOPHIE,
IPH HaJM4MH Ja)Ke HHYTOXHBIX TEXHOJOTHYECKHX Je(eKTOB B CBAPHBIX
WBax H NPH OTPHLATENbHOIl TeMnepaType, MOI'YT Bbi3BaTh IOSIBJIEHHE Tpe-
IIMHBI, ee MTHOBEHHOE paclpOCTPpaHEHHe H XPYNKoe paspyllieHHe KOHCT-
PYKIHH.

Bosbloe 3HaueHHe [JIs1 HAJEXXHOCTH ¥ NOJTOBEYHOCTH JHCTOBBIX KOHCT-
PYKUHIl HMeeT NMpaBHJIBHOE PacIloJOXKeHHe OOOpPYyMOBaHHs — JIIOKOB, J1a30B,
natpy6GKoB H T. II.

B onHOM JHCTe HeJb3fl IONyCcKaTh GoJlee TPEX BPe30K; PAcCTOAHHE MeX-
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Ay WIBaM#, NPHKPEIVIAIOIHME 060DYAOBaHHe K KOPNYCY JHCTOBOH KOHCT-
PYKLHH, H NIPOAOJBHBIMH HIBAMH KOpNyca AOKHO GLITHL He meHee 500 mm, a
paccTosiHMe 10 KOJbUEBBIX WIBOB — He MeHee 200 mm; cBapky o6Gopymosa-
HHSl C OCHOBHOH KOHCTPYKIHEH cjenyeT BeCTH O6GpPaTHO-CTYNEHUaThIM CIIO-
co60M ¢ NMpeBapHTENbHLIM NOAOTPEBOM.

Bo nsbexanne HEpaBHOMEPHBIX OCAJOK NecuaHble OCHOBAHHS MOJA Bep-
THKadbHble UHJHHIPHYECKHE Pe3epByaphl M TasroNblephbl JOJKHH BO3BO-
auThesi B ctporoM cootBercToHH ¢ CHuIT # cOOTBETCTBYIOUIMMH TeXHHYECKH-
MH YCJIOBHSIMH H HHCTPYKLHSIMH € 00513aT€JIbPHBIM OTBOJOM INOBEPXHOCTHBIX
BOJ H YCTPOMCTBOM ApeHa)ka AJsi OTBOAA TPYHTOBHIX BOA. [Ipu mpoekTHpo-
BaHHH JIHCTOBLIX KOHCTPYKLHH HEOOGXOJHMO YUHTHIBAaTh IPYHTOBHIE YCJIOBHS.

Bo u36exaHue BHOpanuH pe3epByapoB, MOTYIleH BbI3BaTh yCTaJOCTHOE
paspylieHHe, XejlaTelbHa YCTAaHOBKA Ha NOLBOISIIUX TPyGONPOBOZAX OKO-
JIO pe3epByapoB KOMNEHCATOPOB H yCTAaHOBKa Ha NOABOISIIHX KOMMYHHKA-
QUAX OKOJIO HACOCOB PECHBEPOB, H3MEHSIOLIHX PeXHM MOTOKa MpOoTekawulei
10 TPyOONPOBOAY XKHIKOCTH.

JlucTOBbIE KOHCTPYKIHH, Hapy:KHasi NOBEPXHOCTb CTEHKH KOTOPHIX IPH
SKCIIyaTauHH HMeeT Temnepartypy Bbilie 45°C uJIH HHXKe HyJsi IPH HOJIO-
KHTEJBHOH TeMIlepaType OKPyXKaloulero BO3AYyXd, IO OKOHYAHHH MOHTAaXa
H HCHBITAHHS NOJIXKHBI OBITh 3aLUIIEHb] TEIJIOBOH H30JIAHEH.

OcHOBHOe HasHAYeHHE H30JIALHH:

1) coxpanenue HeoGxomuMOHl TeMIepaTyphl TE€XHOJOTHYECKOTO IPOLec-
Ca HJIM XpaHHMOH cpelbl;

2) yMeHblieHHE TeNJONOTeph (HJIH MOTEPb XOJOAA B XOJOAHJBHBIX yC-
TaHOBKax);

3) cospanMe HOpPMaJbHHX CAaHHTAPHO-THTHEHHYECKHX YCJOBHH TpyZHa
MyTeM yMeHbUIEHHsi TEIVIOBBIACJEHHH H NpPefOoXpaHeHHs O6CAYXKHBAIOLIErO
nepcoHasia OT OKOTOB;

4) 3ammTa NMOBEPXHOCTH JIHCTOBOH KOHCTPYKLHH OT HapyXHOH KoOp-
PO3HH.

TonuuHy H30MSLHE ONpEeNeasiioT Ha OCHOBAHHH TEIVIOTEXHHUYECKOTO
pacyera, NpHYeM TeMIepaTypa HapyHOH NMOBEPXHOCTH H3OJSILHH He JOJK-
Ha npeBbIlIaTh Mitoc 45° C.

Tenyon3ossiLHOHHbIE MaTePHAJbl LOJKHE HMETb HH3KYIO TEIJIONPOBOJI-
socts (A =0,02 -+ 0,18 xxaa/mn-u-2pad), vebonboh ynenbHbH Bec (Y=
=0,15 =+ 0,45 7/#%) H Maay0 rHIPOCKONHYHOCTb.

Ilo cTpykType W BHRY pasiHYyalOT MacTHYHbE, LITy4YHble ((HOPMOBaH-
Hole) u oGepThiBaoUlHe (BaTHBIE) MaTePHAMLL.

Hsonupyemasi MOBEPXHOCTb HOJKHA OHITH OUHINEHA H OKpalleHa HJIH
3alHIIeHa HHBIM CIOCO60M OT KOPPO3HH.

MacTrku npeacTaBasioT co6oif MOpOLKOOGpasHble MatepHals (ac6o-
TepMHT, ac603yput, ac6ecTHT), o6Gpasyiomue NOpH CMaYHBAaHHH HX BOJIOII
NJIACTHYHYIO Maccy, KOTOPYIO HAHOCAT Ha rOpsiyHe NMOBEPXHOCTH; 10CJE Bbi-
CbIXaHHsl OHa IpeBpalllaeTcsl B NPOYHBIH TEIJIOH3O0JSIHOHHLI CJIOH.

®opmoBaHHble MaTepHalbl NeJalOT B BHAE KHPNHUeHl H MJIHT LJs IJIOC-
KHX IIOBEDXHOCTEHl HJH B BHJE CKOPJYN H CErMEHTOB JJIsi TPyGONpPOBOMIOB;
IUBbl MeXK/ly KHPNIHYAMH, 0OMa3blBAIOT MACTHKOH; yJIOXKEHHble KHPIHYH HJIH
CKOPJIYIbl 3aKPEIVIAIOT KOJbLHAMH H3 MPOBOJIOKH HMJIH NOJOCOBOH CTaJlH.

OGepTHIBAIOLYIO H30JAIMIO H3TOTOBJSAIOT B BHAE MATOB H3 MHHEpab-
HOIl BaThl HJIH CTEKJOBATHL. VX CIIMBAIOT H KPeNsT K JIHCTOBOH KOHCTPYKLMH
IIPH NOMOIIH BTYJIOK H CKOG H 3aTeM CTSATHBAIOT NPOBOJIOKON HJIM GaHpaxka-
MH H3 CTaJbHBIX NOJOC. Tak, WapoBble pesepByaphl AJs JHBHHHJIA eMKOCTBIO
600 »® na OMckOM 3aBoJle CHHTETHYECKOrO KayuyKa GblIH TEIJIOM30JHPOBa-
Hbl 12-MeTPOBBIMH MaTaMM M3 CTeKJOBaTh. B Teuenwe cmeHml Gpurafa us
11 uesioBek ykaanpiBana 58 TakHX MaTOB, H30JHPYs BeCh pesepByap noBepx-
HOCTbIO 365 42

[loBepxHOCTb H30JAUHM NOMKHA GBITH HALEXKHO 3aLHINEHA OT MeXaHH-
YeCKHX NMOBpPexJIeHHil i PasMblBa BOAOH. 3alINTy NPOH3BOAAT MyTeM OGMOT-
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Puc. 1.12. VerpolictBa ana KperuieHus
HapyIKHOfl TeNnJIOBOH H3OIALHU
0 — OOHHAPHBLIM LITHIPEM; 6 — ABOMHMBIM ILHTHI-

peM; 8 — KpIOuUKOM; & — NOABecKol; I—BTyna-
Ka; 2-— IUThIpL; & -—- KPIOYOK; 4 — nonpecKa

Puc. 1.13. PasmMeutenne TPHBApHBIX
Aeranefl JA¥ KpenJieHus TeNJiOBOH M30-
JIAUH Ha BePTHKAJIbHOM annapare
] — Ha BepXHeM M HHXXHEM OHHILAX BTYJKH
TIPHBAPHBAIOT (nun no crpenke K) c marom
D=800 mm; Dy=D+1000 mm u 1. A.; 2 —npu
D < 200 mn IeTaly KpenJeHHs Ha nany(SoK
iuTyllepa He NPHBAPDHBAIOT; IpH Dy >200 mm

BTYYJKH NPHBAPHBAIOT 1O OKPYXHOCTH C IHA-
rom 250 mm

Puc. 1.14, O6muit pux pesepByapoB, TEINIOM3OJHPOBAHHBLIX KPYMHOpAa3MepHBIMH acGecTo-
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KH H30JISHE TKAHBIO ¢ MOCAELYIOUHM HOKPBITHEM MACHSHOH KPaCKOH. Ver-
pOHiCTBO [J1sl KPEIUIEHHs] HAPYXKHOH TeNJOBOH H3OJALHH COCTOMT H3 BTYJIKH,
NpHBapeHHOH K annapary, H CheMHbIX Jeraseil (LUThIpb, KPIOUOK, nojBecka).
B 3aBHCHMOCTH OT THIIa H3OJSHHMH (MAaTHl, IUIKTH], GJOKH) H crocoba ee kper-
nenus cymectsyet 4 Buma ycrpoiicts (puc. 1.12). Ha BepTukanpHbIX anna-
patax BTYJKH pasMellarT YempoacmBo dns Kpennerus
B KOJIbII€BOM HaNpaBJIEHHH =
¢ marom 250 mm, a B Bep- 2 - S A-A
THKaJbHOM — C 1LIarom Lo\ [ 125 250 PR
500 um (puc. 1.13). Ha ro- | i B
PH3OHTAJBHBIX annaparax
BTYJIKH pasMellaoT BLOJb
obpasymooiiefi ¢  LaroM ¥t =5
500 mm © B KOJBLEBOM Ha- \
NpaBJIeHHH Ha BePXHeH Io- o
JIOBHHe alnapara ¢ LIarom
500 mm, a Ha HHXHeH noO-
JIoBHHe — ¢ 11arom 250 mm.
B nociiennue rofb Ha-
YaJHd NPHMEHSITb [IJisl IO- =
KPBITHA H30J1HUH acOouIu-
¢epHble JHCTHl pPa3MepoM
2800 1400 mm. Boaro- ‘
rpanckoe yIpaBJieHHe o
tpecta CTpoiiTep MOH30Is- ~%__¥L_‘,\_L,L——\_, g
1lHs] NPHMEHHJO KOHCTPYK- L s
LHIO KpelJeHus WH(pepHbIX 3 .
JIECTOB BCTHIK C NOCJENYIO- Puc. 1.15. M30iasnua JHCTOBOH KOHCTPYKIUH TerJIO-
et 3a/1eJIKOH MPONOJIBbHEIX R o
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1 —mMar; 2 — 6aHma) HJIH KoJblo; &— CIUHBKa IPOBOJO-

H TonepeyHbIX WIBOB ac6o- KoH; 4 — 3alMTHOE NOKPLITHE
HeMeHTHbIM pactBopom
(prc. 1.14).

Ha puc. 1.15 nokasaHa H30JALHMA JHCTOBOH KOHCTPYKLHH MHHepaJso-
BaTHBLIMH HJIH CT€KJIOBAaTHBIMH MaTaMH.

H3roroBieHHe, MOHTaX H IPHEMKA JHCTOBBHIX KOHCTDYKLHH JOJIZKHBI
cootBerctBoBath CHull II-B.5-62. [Ias KOHCTPpYKIHH, NOABEIOMCTBEHHBIX
Tocroprexnansopy, HoJkHE cobaofatees «[IpaBuaa ycTpoiicTBa, yCTaHOB-
KH M OCBHAETEJbCTBOBAHHSI COCYNOB, PabOTaloOIEX NOA AaBieHHeM» [94].

IT'naBa 2
TEOMETPHY JIUCTOBbBIX KOHCTPYKLIUHA

§ 1. TEOMETPMYECKHE MOCTPOEHHS MPH PA3PABOTKE JIMCTOBLIX
KOHCTPYKLHH

BEIGOP ONTHMAJNBHOH (OPMBEI KOHCTPYKLHH SIBJISI€TCS KOHEYHOH LeJbio
NPOEKTHPOBAHHUs JI060ro BHIa cOOpyXKeHHs. B 06/1aCTH JIHCTOBBIX KOHCTPYK-
uHil hopmoo6pasoBaHKe B NojaBsionieM GOJbIIHHCTBE CyyaeB HE CBs3aHO
C BBI6OpPOM COpPTaMeHTa, TaK KaK OCHOBHasl 4acTb KOHCTPYKLHMH BBLINOJHACT-
Csl M3 JIHCTa, a OThICKAHHE ONTHMAJbHOIO PELIeHHs 3aBHCHT JHWb OT Npa-
BHJILHOTO BbI6Opa reoMeTpHuecKoH (¢OpMbl KOHCTPYKUHH, yILOBJIETBOPSIOLIEH
CJIeyIOHM TPeGOBaHHsIM: a) CTOMMOCTb KOHCTDYKLUHH M PacXod Meralia
JIOJIXKHBl ObITb MHHEMAJBHBIMH; 6) KOHCTPYKIHs NOJXKHa Haubosee MOJHO
VIOBJETBOPATH TEXHOJOTHYECKHM TPeGOBaHHsIM; B) 3aTpaThl BO BpeMs SKC-
IJIyaTaldH [DOJKHbl OblTb MHHHMAJbHBIMH; T) KOHCTPYKUHSI NOJKHA GBITD
IOJTOBeYHOH (PH3HUECKH H MOPaJbHO.
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151 TOrO YTOGH! BEINOJHHTL TPeGOBAHHS, CBSI3aHHbIE IJ1aBHBIM o6pasom
¢ ¢$opMOOGpasOBaHHEM JIHCTOBLIX KOHCTPYKLHI, HEOGXOMHMO 3HATH OCHOB-
Hbl€ MOJIOXKEHHs, CNOCOGCTBYIOLIHE YMEHBIIEHHIO YAeJBbHOH CTOHMOCTH H
YAEJBHOIO pacxofla MeTalvla, C HeJbi0 HX NPaBHJIBHOIO NPHMEHEHHSl W HC-
NMOJIL30BaHHsI.

1. Tak kak aucT Hammyum o6pasoM paboTaer Ha pacTsixkeHue, cje-
AyeT BHIOHpaTbh TakKylo (OPMY KOHCTPYKLHHM, YTOGHI NpH PelaoiHX CHJO-
BbIX BO3JEHCTBHAX 060N0OYKa Oblia pacTaHyTa B JBYX B3aHMHO MNepIeHIH-
KYJISIPHbIX HallpaBJIEHHsIX, & HaNpsxKeHHs B JIO60H TOYyke OGOJOUKH GLIIH
ONMHAKOBBLIMH.

Takum 06pasom, HEOGXONKMMO CTPEMHTBCH K TOMY, 4TO6bl 060JI0YKa pa-
6otana Ha pacTsXeHHe H Gbl1a (GOPMOH PaBHOTO CONPOTHBJIEHHS Ha pactsi-
JKeHHe IS pelaolero BUaa HarpysKH.

2. Ilpu npouux paBHBIX YCIOBHSIX OTHOLIEHHE NMOBEPXHOCTH OGOJNOYKH K
ee 06beMy, TaK HasblBaeMasi ylelbHas NMOBEPXHOCTb 1), Bhpaxaemasi (op-
MyJ0o#

M2/ m? 2.1)

(tne s, — nosHas MOBEPXHOCTb OGOJNIOYKH B M2 V — 06beM, Orp aHHYEHHH
060J10uKOH, B #3), NOJXKHA 6bITh MEHEM AJIbHOH.

®opmyna (2.1) mokasbiBaeT, YTO NPH CPaBHEHHH YIEJIBbHBIX NMOBEPXHO-
CTeH /151 pasauuHbIX (GOPM HEOGXOAUMO OGBEM COOPYIKEHHS!, YCTaHABJIHBAE-
MBIl [I0 TEXHOJIOTHYECKHM COOOpa’KeHHsIM, NPHHHMATb NOCTOSIHHBIM. B npo-
THBHOM CJly4Yae cpaBHeHHe BeJHYHH yAEJbHOH NOBEPXHOCTH GYIET BHIIOJHE-
HO B Pa3HbIX MPEANOCHIIKAX H MOTOMY OKaXKeTCsi HEBepHbIM.

B ciyuae MHHEMaNBHOTO 3HAYEHHs! YAEIbHOH MOBEPXHOCTH 1) yMEHbLIA-
I0TCs1 pPasMep TePPHTOPHH 3aCTPOHKH, BEJHUHHA KOPPOAHpYIOLIefics MoBepx-
HOCTH H 3KCIVTyaTalHOHHbIE PAacXONbl, a TaKxkKe BO3pactaeT (U3NUecKas f0J-
TOBEYHOCTb KOHCTP YKIHH.

Ins sananHOH (DOPMEI JIHCTOBOH KOHCTPYKLMH NpH MOZOGHOM H3MeHe-
HHH JIHHEHHBIX pasMepoB 3HaYEeHHe YMeJbHOH MOBEePXHOCTH He OCTAeTCs MO-
CTOSIHHBIM, & H3MEHSIeTC IO cllefyiomel runepGoanyeckoli 3aBHCHMOCTH:

E s
— 2 . — 3 . _ _mop 0 o
5= SoKiops V= Voliggs my=—2 2 — o 2.2)
knon Vo Tion,
8 S
rae 1= V—" — YAeJIbHasi MOBEPXHOCTb GHTYPH, caykamlell 3TajJoOHOM IJIs
0
CpaBHEHHS;
s:
M = -~ — yAeJbHas NOBEPXHOCTb QHUIYDPHI C pasMepaMH, H3MeHEeHHbI-

L
MH B Ry, PAas Mo CPaBHEHHIO C 3TaJIOHOM.

3. OtXozmbl MpH pacKkpoe JHCTOB MOJKHBI GHITH MHHHMAaJbHBIMH.

4. Ko/n4ecTBO CTHIKOBBIX COENHHEHHI, 0COG€HHO BBHINOJHSIEMbIX Ha MOH-
Taxe H HCIOLITHBAIOIUX GOJblNe HAaNPSAXKEeHHSA, JOKHO GHITH HANMEHBIIHM.
C 3710l HenbI0 PeKOMEHLYETCSi NPHMEHATh IPH TOJMIHHE JHCTOB 10 8 MM
pyJoHbl niuHOM 1o 50 M, a TakKe PYJOHHbIE NOJIOTHA, H3TOTOBJIEHHbIE 3a-
BOJICKHM CHOCOGOM.

5. B ciayyasix KOrja KOJHYECTBO CTHIKOB He HMeeT CYIIeCTBEHHOrO 3Ha-
YeHHs, HeOOXOMUMO NMPHUMEHATb JHCTH CKJIAJCKHX Pa3MepOB, HMEIOLIHE MH-
HHMaJbHYIO BEJHUHHY JONJIATHI.

6. ['eomeTpuueckue pasMeprl COOPYKEHHsl clleflyeT NPHHHMATL TAKHMH,
YTOOb! JIHCTHI NIPHHSTHIX Pa3MePOB YKJaIblBaJHCh KPAaTHOe UHCIO pas.
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7. Popma cOOpyKeHHS JI0J-
Ha MPHHUMATLCA C YYETOM BO3-
MOXKHOCTEH  3aBOJOB-H3TOTOBH-
TeJeH H MOHTaXkKHHIX OpraHH3a-
I{HH, BBHIIONHAKMINX H3TOTOBJE-
HHe M MOHTaX KOHCTPYKLHI B
3alaHHEle CPOKH.

8. lns yMeHBIUEHHS] MecCT-
HBIX HanpsixKeHHH B COCylax BhI-
COKOrO HAaBJEHHUS XKeJaTeJbHbI
HauboJiee NJaBHBIE IMEPEXOAB B
MeCTax IepeceyeHHil 3JIeMEHTOB
0060J104eK pa3/IHYHBIX OYepTaHHI.

Bri6op ¢opmb  JHCTOBBIX
KOHCTPYKLIHH CBsI3aH ¢ HX Ha-
3HaueHHeM, H BONPOCH (OpPMO-
00pa3soBaHus HJIs KOHKPETHBIX
BMIOB JIHCTOBHIX COOpYXKEHHH
noapo6HO U3NOXKEHB! B YacTH 11,

B JHCTOBBIX KOHCTPYKIIHSIX
HaHGoJee YIOTpeOUTENbHLI
reoMeTpHYeCKHe (OPMBI, H3ro-
TOBJIEHHe KOTOPHIX HaHMeHee
cJI0XHO. Banbnoska Jueros
npencraB/sier Haubojee 1mpo-
CTYIO ONEpalHIo AJS NOJyYEeHHS
3/1€MEHTOB HEOOXOAHMHIX oOYep-
TaHMH (€ClIH HCKIIOYHTL H3THE
JILCTOB MaJIOH TOJIIMHBI O YIO-
pam, kKapkacaM uJIH (pHKcarto-
PaM HHOIO THIA HeNOCpPELCTBEH-
HO Ha MoHTaxe). ITyremM Bagb-
HOBKH MOXKHO HOJYYHTL He
TOJIBKO KPYTrOBHle ILHJIHHApHYe-
CKHe M KOHHYeCKHe NOBEPXHOCTH,
HMeKL(le B OCHOBaHHH COMNps-
JKEHHble KPYTOBble WHJIHHAPbI
H KoHyckl. OnHaKo B GOJBIIHH-
CTBE CJIyYyaeB KOHCTPYKIHS J0J-
XKHa OLITH pasbuTa Ha JHCTDLL
TaK, YTOObl YUacTKaM, HMEIOIHM
Pa3Hy® KPHUBH3HY, COOTBETCTBO-
BaJH pasyHyYHBle JHCTH. Ha
puc. 2.1 nam npumep pasGUBKH
TpybonpoBona B MecTe nepexofa
OT KPYIJIOTO K TpPeXLEHTPOBOMY
OYePTAHHIO.

INockoabky natpy6ok cocro-
HT M3 CONPSAXEHHS NBYX KOCHIX
KOHYCOB H NIBYX KOCHIX LHJIHHI -

Prc. 22. TIlpumepn reoMeTpuueckux
(OpM pa3THUHEIX JIHCTOBHIX KOHCTPYK-
Uit

a— JoMeHHas mneyb (co cBewamu); 6 — Bo-

ACHANOpHAaR GaluHfA; 6—TasTOJLAED NMOCTOAH-

HOro o6mema; & — IUIMHADHYeCKHH pesep-

BYap; 0 — GyHKep; € — MOKDBIHf Fasroibiep:

¢ — aspoAHHaMHYyecKan Tpy6a; 3 — ABIMOBas
TpyGa

)

Puc. 2.1. PasbuBka TpyOomnpoBojla B MecTe Ie-
pexofla OT KPYroBOrO O4YepTaHHsl K TPeXUEHTPO-
BOMY
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POB, KDHBH3HA eT0 NOBEPXHOCTH MeHseTcA. I1aTpy6oK MoKeT OBITh H3rOTOB-
JIEH HEe MeHee UeM M3 YeThlpex JIHCTOB (pHC. 2.1), npuieM KaxKIbIH JIHCT JOJ-
KeH BaJblieBaTbCsl pasHoe YHCIC pa3 Ha PasJHYHBIX yYacTKax.

IlyTem WITaMIOBKHM MOKHO NOJYYHTD JO6YI0 (GOPMY, HO BHICOKasi CTOH-
MOCTb H3TOTOBJICHHAI IUTAMIIOB cOKpaniaer obsactb ee npumenenus. Ilram-
[IOBKa HaxXONMT NPHMEHeHHe NPH CTPOHTENBbCTBE OTBETCTBEHHBIX COOPYXKe-
HMH, H3TOTOBJIS€MBIX OOJNBUINMH CEpHSIMH, KOr[a ONHAKAbI H3TOTOBJCHHLI
IITAMI MOXKeT ObITb MHOTOKPATHO HCHOJbL30BaH (HalpuMep, AJsi HIAaPOBLIX
pesepByapoB c()epHYeCKHX AHHIIL NAPOBHIX KOTJIOB, IasrOJbACPOB MOCTOSIH-
HOro obbeMa M KeJe3HONOPOXKHBIX IHCTepH). B mociennwe roam Hamua
UIHPOKOE NpHMEHeHHe BaJblioBKa cepHYecKHX MOBepXHOCTeH, a TaKKe OT-
60pTOBKa TOHKHX JIHCTOB.

IlpencraBasier HHTepec MOKa He OCBOeHHOe mpemdoxenre I'. M. Yuuko,
3aKJjIoyampnieecss B HCIONb30BAHHH CBOHCTBAa COXPaHeHHs MOCTOSTHCTBA rayc-
COBOH KPHBH3HBI B 000JIOYKAX C IBOAKOH KpHBH3HOH. CTaHIapTHBIE 3aTOTOB-
KH C HEKOTOPHIMH IIOCTOSIHHEIMH rayCCOBHMH KpHBH3HaMH, Hanpumep cde-
pHUeCKHe, Mpe06Gpa3oBLHIBAIOTCS ITyTEM AAJbHEHIUEr0 CBEPTHIBAHUS IO MHOTO
COOTHOILUEHHs PaJlHyCOB KPHBH3HHI, HO TakK, YTOOH rayccOBa KpHBH3HA GHLIA
[OCTOSAHHO.

Ha puc. 2.2 npuBeneHb NpHMeps BCTPEYAIOUIMXCs B IPAKTHKE TeOMeT-
pHuecKuX (pOpPM Pa3JIMUHBIX JIMCTOBBIX KOHCTPYKIMI: pe3epByapoB, rasroJib-
IepOB, NOMEHHHX Meded, ABIMOBHX TpyO, TPyOGONpOBONOB, BOAOHANOPHBIX
6alueH, aspofHHaMHYecKHX TPy6 H 6YHKepOB.

§ 2. OCHOBHBIE CBOVICTBA TEOMETPHYECKHMX TEJI, HCIIOJIb3YEMBIX
IIPH PASPABOTKE KOHCTPYKTHBHBIX ®OPM JIHCTOBbIX KOHCTPYKUHH [31]

W3 npumepoB npexnbinyiiero naparpada BHAHO, YTO JIHCTOBBIE KOH-
CTPYKIHH Hanbojiee 4acTO BHITOJNHAIOTCA B BHIE NMPOCTEHIIHX reoMeTpHYec-
KMX TeJ: liapa, LuIMHApa M KoHyca. Ilpn 3ToM KoHHMYeckHe M cdephuec-
KHe NOBEPXHOCTH HCHNOJb3YIOTCH IJIaBHBIM 00pa3oM Kak IHHILA U Mepexol-
HBIE 3JIEMEHTHI.

Oco6oe MecTO 3aHMMAIOT IlleNHHle -— Kanieo6pasHbie — GopMOoGpaso-
BaHMsA, HMelle GOJbLUKE TOCTOMHCTBA IIPH NOCTOSHHOM pPEXKHMe paboThl
COOPY’K€EHHSL.

Hap

Cpeny Bcex Ten paBHOrO O0beMa WIAp MMeET HAMMEHBIUYIO MOBEpX-
HOCTb, 2 CpelX BceX TeJ PaBHOH IIOBEPXHOCTH MIap HMeeT HaHGOJBIIHI
o6beM. JTO CBOMCTBO Liapa YNOGHO MCIONb30BATbH NPH ONpENENEHHH pa-
[IMOHAJIBHOCTH KOHCTPYKLHH APYrux (opMoo6pasoBaHHi, NOJOXKKB WIap B
KauyecTBe 3TaJOHAa [JIs1 CPaBHEHHsI.

OnHKMM M3 KpHTepHEB IJA CPaBHEHHs DPallHOHAJBHOCTH KOHCTPYKIHI
CJIy?KHT OTHOLUEHHe NOBEPXHOCTH K 06bemy {cM. dopmyay (2.2)]. 1o or-
HOLIeHHEe NJIA 1apa 6yneT CJenyHOmMM:

_ Su__ 6

Mo =y = -

OrHoueHne yneNbHOH MOBEPXHOCTH INPOHSBOJBHOTO TeJa K yAeJbHOR
MOBEPXHOCTH 1apa pPaBHOro ofbeMa CJAyXKHT MOKasaTeJeM palHOHaJbHO-
CTH KOHCTPYKUHMH. Uem OnHKe 5TO OTHOLIEHHe K eHHHIIE, TeM PallHOHAJb-
Hee NPM NPOYHX PaBHBIX YCJIOBHAX (opMa BEIGPAHHOTO TeJa:

M _ Dpn;
kp_ —of ACLLY
MNp 6

rne N — yIeJibHasl IOBEPXHOCTh paBHOBEJHKOrO uHiapa;

_—B;
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6
D, = ‘/—Vi—lmameTp PaBHOBEJHKOTO 1Uapa;
s

V;— o6bem BHI6panuoro tesa;
1;— 1o ¢opmyae (2.2).

Kpyrosoii uuauunp

TTosepxnocTs KpyroBoro INIHHApA MOJIyYyaeTcss MyTeM BpaLueHus Npsi-
MOH JAMEMH, NapaJJesJbHON OCH Bpamenus, HasbiBaeMOH O6pasymooliel 1u-
JIMHApa, BOKpyr ocH. Ilnockocth, HakIOH-
Hasi K OCH IWJIHH[pa, HEPEeCceKaeT ero mno-
BEPXHOCTDb NO 3aJuIncy (pHc. 2.3), Goablias
NOJIyOCh KOTOPOTO paBHa:

a—=-—"__. (2.3

cosa’

NOCTOAHHAasA maJias NOJyoCh

b=r (2.4

U (oxkanbHOe paccTosnue

f=rtgo. (2.5)  Puc. 23. Tlepeceuenne HHIHHAPA
TJIOCKOCTBIO

Kpyrosoii konyc

Kpyrosoit konyc npemcrabasier co6oir TeJIO, OrpaHMYEHHOe NOBEPXHO-
CTbIO, KOTOpasi MOJNyyaeTcsi MyTeM BPAIlEHHsl JMHHH, HaKJOHEHHOH H nepe-
CEKalOIell OChb BpPALIEHHS M Ha3BIBAEMOIl o6pasymomieit konyca. Touka me-
peceuennsi o6pasyiomeil ¢ OCbi0 BpalleHHsi HAa3HBaeTCs BEPIIHHOH KOHYyCA.

Ikockoety, nepnennykynsipubie ocn BpaiieHHs1 (pHc. 2.4), mepecekaior
KOHYC M0 OKPYKHOCTH C PafHycoM

ri = ytg ﬁ: (2'6)
TA€ Yy — pacCTofiiue CeKylleHl IMIOCKOCTH OT BEpLIMHBI KOHYCA;
P— yroa mexny o6pasyomnieil 1 ochio KOHYyca.

Tli0cKOCTH, HaKJIOHHBIE K OCH BpalllenHst Ha yroji, GoabwHi, uyem P,
[IepeCeKaloT MOBEPXHOCTh KOHyCa MO 3JLIHICY ¢ GOJbLION nosyocero (60Jib-
Liast mOJyoCh MpHHATa Jiexawell B mIockoctd xOy), paBHOI:

sinff cos(f— @)+ cos(B-+ay
2 cos (f —a) cos (B + )
¥ MaJIo¥l MOJIyOChIO, PaBHOII: '
tgB  cos(B—o)+cos(B+a)
2 V cos B—a)cos B+ o)
OrHoleHre nosyoceil sJamunca paBHO:

a = Yos (2.7)

b =y,

a Vcos(ﬁ——oc)cos(ﬁ——a)
b cos B ’
A€ @ — yron Mexay IJIOCKOCTBIO, HOPMaJbHOI K OCH KOHyCa, U HaKJOH-
HOH CeKylllel NMJIOCKOCTDIO.
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®opmyna (2.9) moxasbHiBaeT, uTO 3JLIMICH, MOJYYCHHHIE MyTeM nepe-
CCUEHHS1 KOHyCca mapaJile/IbHBIMH IJIOCKOCTSMH, NOLOGHEL. 2TO CBOHCTBO MO-
3BOJIIET HCIOJb30BATh BHYMCJEHHs, ClejdaHHble NJIs1 OLHOTO M3 3JIJMICOB,
TaKxke IJIs BCeX NPYTrHX 3JIJIHICOB, HAXOAAIIMXCS B NapajilelbHbIX MJOC-
KOCTAX, IyTeM yMHOXEHHs Ha kosdduuuent nopobus. Kosddunventom no-
A00us1 B 3TOM cJyuyae OyaeT OTHOLLEHHe

By = 22, 2.10
g Yos ( )

TlockocTH, Hak/IOHeHHEIE K OCH BpaileHHs NOA yrJIOM P, mepeceKaior
NOBEPXHOCTb KOHYCa mo napabode, onpenedsieMOd N0 ypaBHEHHIO (pHC. 2.5)

%,
4 1 22 . / !
Y=YoT1 s ? _
4y, tg? P . }
UM (2.11) I
1 22
YacCiy 4Yon sin2 B =
z::mgpéo/m
C
|
A\~
1B ~
| |
i > ‘V r
| - o
sl /N T
S S B8
" . (i
;:‘Qfé‘ ) X
SN \/
7] S
fJE: N g
o
< . ==\
N 8 i
19 Y
£ G '
I PR
HE4Z
o 1 - ay —

| Lz ' e
\ ‘ hsinfs ! // l 4_‘

\ ST /4 s .
Cos o / - b —
\ Y os(fea) = ~—
\ / .
\ s 4
\
~ - e
~ ~_ . -
S Y
Puc. 2.4. Ilepeceuenne KOByca HJIOCKOCTEIO Puc. 2.5. I'lepeceuenne KOHyca MJOCKO-
nea yriom >§ CTHIO moj yriom <<f

IlnockocTh, napaJiiesbibie OCH BpAIIEHHS, NEPECEKAIOT [OBEPXHOCTh
KOHyca N0 runepGoJe, uMelollell Cleyiounee ypaBHEHHE:

2 22 22
y—Q——Q: 1 wn y = i—yo]/l +—.
Yo % Ty

Ocb runep 6o NpUHATA Jexaimeil B II0cKocTH xOy

ro = Yo tgp.
MunnManpHas yAelbHasi GOKOBasi NOBEPXHOCTL KOHyca Oyner Hpu
Sinp = —— (B=35°20').
3
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OcTtaHoBHMCSI Ha ORHOM CBOHCTBe JIMHMI IepeceueHHsl NMOBepXHOCTeH,
ONHCaHHBIX BOKPYT OLHOTO H TOro e Iapa.

Ecnn gBe MOBepXHOCTH BpAallieHHsi OMHCaHbl BOKPYr OLHOrQ uapa, TO
JAHHHH HX NlepecedyeHHs fABJAIOTCA KPHUBBIMH BTOpOro nopsinka. Ecau nosepx-
HOCTbL BpalleHUsI UMeeT NPAMOJIHHEHHBe 00pasyioliye, TO JHHHH Nepeceye-
HUS ABJSAIOTCH IIOCKMMH KPHBHIMH (3JLTHICAMH).

Bo MHOrEx ciayuasx MOXKHO BHOpaTh Takue mNapaMeTpn OGOJOYEK,
IPH KOTOPHX HCIIONbL3yeTCA YKaszaHnoe cBoicTBo. Cnoco6bl mOCTpOeHMss H
pasBepTKH NIpH 5ToM OYAyT CBeleHH K ONPENeJeHHIO YIria CeKylieHl IIoc-
KocTH. PasBepTKa BLINMOJHACTCA 3JE€MEHTAPHO MPOCTO: HAXOUSTCS JIHHHH
nepeceyeHUs NAaHHOH (HrypHl IVIOCKOCTBIO, HAKJIOHEHHOH K €e OCH MOJ BhHI-

YHCJICHHBIM YIJIOM.

BpruxciieHHe 1JIMH Lyr, niomaneii niaockux ¢uryp, noBepxHocTei
H 00bEMOB T€J .

YpaBHeHHs] OCHOBHBIX IUIOCKMX QUryp, IJHMHBI HX [yr, IJIONIAfied M
LEHTPOB TAXKECTH naHul B Tabu. 2.1.

Ecan miockas ¢urypa orpannMueHa kpuBol y=[(x) ¥ opauHatamu
Xy1=a U Xp=b ¥ npu 3TOoM (YHKUHS HempepblBHAa W ONHO3HAYHA, TO ILIO-
maib 3TOH (Hrypel paBHa (Bce BHIPaXKEHHA NaHB B JIEKAPTOBHIX KOOPIH-
Hatax, OT KOTOPBbIX MOXKHO HepeATH K MOJSPHOH cHCTeMe KOOpPIIMHAT):

S= ff(x)dx, (2.12)

a [JIMHA MJ0CKOH KPHBOH paBHa:
b
L= [V 1+]F@Pa (2.13)

HeHTp TsXecTH NJOCKOH OXHOpOmHOH ¢urypsl ompeneautcss mo ¢op-
MyJiaM:

b b
{ xds [ yds
Ky = = T (2.14) Yys = = 5 (2.14a)
a NJIOCKO# OJHOPONHON KPHBOH
b b
| xdz { xdz
Ky =, 215)  g="—. (2.152)
IToBepxHOCTD Tes1a BpalleHHs paBHa:
b I
S=2a [Ty 1+ [ @ d, (2.16)
a

rne y=f(x)— ypaBHenue 06pasyiolei.
O6beM Tesna BpalleHHs! ONPENEJHTCS BHIPAXKEHHEM
b
V=n J [ (x)]2dx. (2.17)
a
Ecian teno uMeer NpoHM3BOJbHYI0 (DOPMY, €ro oObeM BHIUHCASETCH IO
¢opmyse

v=§ § { drdyde — XDJ dx dy j,?dz . szdx, 2.18)

rne 21= @(x1; Y1); 22=@ (X2 Yo).
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Ta6auna 2.1

IlepumeTp ToBepxnocts
Ne Cxema . i
E X ; — KOOpJMHATHL ; =
= L—pnuna L YL Ll S — nnomaghb 0 L L
LUEeHTpa THAKECTH HUEHTpa THN(ECTH
1 | Yacte Ayru Kpyra, KpyroBoil CeKTOp
20R sino aR? 2 _sina
x; =R 5 Xs= 7%~ H
npu o = I o npH & = T; 3 @
2nR y; = 0 (xpyr); nR? Ys=0
=0, y, =0
2 | Yacts KpyroBoro KoJibila
y ]
¢ 2 R3—r3 sina
2. 2) —
. 20(R+-1) xp = 0; @ (R?*—r?) = a(R+r) & ST T mip g
0 X MpH O == TT; " NpH Q == TT5 0
. = 0JIbILO =
\‘ﬁL Uy 2 (R + 1) =0 omI0) | (pe_yy) — (R4S | s
X8
3 | KpyroBoii cerment
R? = (0. — sinm & cos @) 2 sim o
— - xs =

3 oa—sinocosa’
ys=0




LE

JdnnunesieckBii  cerMeHt Ins nomHoro sasmnca Ea X =0 y =0 ab arc cos a—nh u
1 S
——c(a—h)
bla 0,1 ‘ 0,2 0,3 0,4 1 0,5
& x4 3 4,064 4,202 | 4,386 ,4,6026 ’ 4,8442 Iasn ksagpanta (YeTBEPTb UHMINCA)
? fp =1
. \ 4 b
a 4

\\\\\\\\ X Xg == 3—; Ys,= i
4 a ! £11 3n

bla 0,6 ’ 0,7 ' 0,8 0,9 ' 1
—
1 JLast moamoro vaamiica
13 l 5,1054 l 5,3824 ’ 5,6723 15,9732 | 6,2832
nab xg=0; yg=0
TMapaGomvecknit cermenT ilapaboantiecknit cerMent
Jlyra napa6oJst
X 5 2ah 5, . _
Nk e  *mw? 8 (k¢ h 3 Solewgme Us=Sg
S a8 o) L=y
R x b [TapaGosnuueckuit Tpeyronwuux (OAB)
o | g £ (L)"l
5 stall ah n 7
—_— Xo=i+T—13 = —
3 ST T




ITpodonrscenue Taba. 2.1

TlepumeTp TloeepxuocTs
“J:‘;- Cxema L i XL E yL — KOOpP1HHATH S— " Xs; ys — KOOpANHATHL
LUeuTpa TAMEeCTH LUEeHTpa TAKECTH
6 | MunepGosmueckuit cerment
2 ,2
X .
LY cl@th)
2
— — alh —
— ab arch |
a
Ay
rd
7 | KpyroBoit Tpeyrosbhuk  (nosyyaercs Hacte ayru
BbIMHTAlHEM KBaJpalTa H3 KBajpaTa)
]
ol
10— 3n
R R I Yo = ————R=
—2—— Xp =Yy =—"" RZ(I—T) s=¥s 12 —3n
7
= 0,2234R
4 x
a
’_'1 X L—
8 (| TpeyrosbuHk
Llentp TsixkecTH meph- Lleurp rtstkectn nionga-
MeTpa TpeYroJibHHKAa AN TPEeYroJibliika ¢ 1axo-
HAXOHUTCA B HEHTpPe Kpy- ANTCS B TOUYKe mMepeceue-
ra, BIHCAHHOIO B  Tpe- ah g Menan
a-t+b--d yrouik ABD, npuuem o
h
h a+tb Ys==
L A 3
L2 a4b44d




9 | Tpareuus

h Llentp TsnKeCTH HepiuMe- a+byh
at b4 ——+ Tpa Tpamenun (TaKxe na- (b o b et 2
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Ilpu onpenenennn IJIOmManu MOBEPXHOCTH H 00beMa Tes, 06pasoBaH-
HHIX TyTEM BpallleHHsl IIOCKOH KPHBOH BOKPYr NMpPOM3BOJIBHON OCH, B HEKO-
TOPBIX Clyyasx yAoGHO MOJIb30BaTbCs CACAYIOIIMMH TeopeMaMu [iosibaeHa.

IMepBas Teopewma. Ilromane noBepxsoctn S, o6pazoBaHHOl Bpa-
IIeHNeM IJIOCKOH KPHBOH OKOJIO NMPOH3BOJBHON NPSIMOH, JieXKallell B IJ10C-
KOCTH KPHBOH, paBHa IPOH3BEIEHHIO AJHMHH KPHBOH Bpaiiaemoil Nyrd Ha
LJIEHY OKPYXHOCTH @f,,;, KOTOPYIO ONMCHIBAE€T NPH 3TOM LEHTP TAKECTH

ruL’ OHpeneJleHHbIﬁ B HNPCANOJIO?KEHHH OIIHOpOJIHOI‘O pacnpeneJIeHH;{ Macc:
(2.19)

Bropas teopema. O6bem Tesa, 06pa3soBaHHOrO BpaleHHEM [JI0C-
KOH (DHrypBI OKOJIO OCH, Jeanlell B IVIOCKOCTH 5TOi (UIyphbl, paBeH MpOH3-
BEJICHHIO TIOIAanM BpaiiaeMod (GUrypw S Ha AJHHY OKPYMKHOCTH @gs, KO-
TOPYIO OMHCBHIBACT NPH 9TOM LEHTP THAMXECTH fys, ONpeJeeHHBH B Mpeano-
JIOYKEHMH OJIHOPOIHOTO pacnpeesyeHHs] Macc:

V= S(P”us- (2.20)

B cayvuae nmocrosHHOH MIOTHOCTH Tela, MPEUMYIIECTBEHHO NpPH 3afoJ-

HCHHH JINCTOBBIX KOHCTPYKUMH KHAKOCTbIO WJIH CHITYUYHMH MaTepHanamu,

KOOpIMHATHl LIEHTPA TSKECTH TeNIa MOTYT OBLITh ONpeleJeHBl H3 BHIpa-
JKeHHH:

§1§ xav J{Y yav [{fzav
— V . — V - —_— V
xu.T_T’ Yy = —V—’ S = T (2.21)

B xauecTBe npuMepa IpHBeleM ONpeJieJeHHe OCHOBHEIX TeOMeTpHuec-
KHX TlapaMeTpoB [JIs JJIMIICA.
YpaBHenue aJnnca:

x2 yz_ i . .
a‘2+b—2~l’ y=[fx =+

[Toabsysick popmynoit (2.12), nonyduM niaomans 3Jaunca

b ¢ s
—V a®—x? .

“4a +-a
b - 2 s .
S:Q_IVa2—x2dx:—£.—l— x Va®—x®+ a®arcsin - | = mab.
a a 2 a
—a

—a

[ToBepxnocTh 3/1aMIICOMIA BpanieHusi onpefefseTcs 110 dopmyse (2.16):

y=[f@)=——2%__.

a Va2 —x2?

“+a
S=2n yiVaz—xz'l/ 1 —}——bz—xz—dx =
a
—a

a? (a® — x?)
— o ——— ta —_—
omb Va2 —p2 at . ambVa—b2 | x at
== —x¥dx= " | = —x2 |-

a? . a? — b2 a? 12 a?—p2  *
—a —a

4 . 2__p2 b . 2 __ 12

4 a arcsin % Va = 2nab | — + — ¢ arcsin Va—b
2 (a® — b?) a? a Ve a

Ilpu a=b umeem S=4na?— NOBEpXHOCTL MIapa. Caenyer umern B.
BHAY, YTO IIPH @=5 BeJHMUHHA

A Va2 —b2
aarcsin

a 1.

Vaz b2
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O6beM 3:JMNCOMAA BpauleHHs ofpefenutcs no ¢opmyne (2.17):

+? b2 + x3 4
V=n j (b2 L x2) dy—=nb? | x— 2| = 2 nat?,
a? 3

—a —a

npu a=b umeem

V= is na® (o6beM 1iapa).

Hecko/IbKO CJI0OXKHee onpefie/enre 00beMOB H MOBEPXHOCTEH AJsi TeJ
Apyroit ¢opmel. Jusi npumepa onpenesum oGbeM TPEXOCHOTO 3JIMICOUIA.
YpaBHeHHe NOBEPXHOCTH 3JJIUIICONIA

2 2 2
LY

a? e
TMnowaaks NONEPEYHOro CEYEeHHs!, MOJYUYEHHOro MyTeM NepeceueHus 5J1-
JIMTICOMAA MJIOCKOCTBIO, TapaJjienbHoii mnockoctd yOz (miockocts ocedl b
4 ¢), MOXeT ObITb onpefie]ieHa Kax

+z, +zx
% (/5
F= j Qydz = 2 5 Vatc® —x2c®—22a%da.
ac
—2x —Zx

B 3TOM BhIpaKeHHH 3HayeHHE X IMOCTOSIHHO.
IlpefebHbie 3HAYEHUN Z, T.€. Z,, ONpejensiorcs aas ycnosusi y=0.
[lpu arom

z, = _2 Va—x2 .

[lpoBenst MHTErPHPOBAHHe W IIOJCTAHOBKY 3HAUEHMs Z,, MOJYYUM
Tibc ,
F =™ (a>—x?).
a*

[Tonbaysick popmyson (2.18), noayunm
e e 4
V= s Fdx = 5 € (@ — x?) dx = = nab;
a? 3

o
—a —a

npu a=b=c nuMeeM

V= % na® (o6bveM 11apa).

[puvepom nprMeHeHust MepBoli W BTOpOHl Teopem [roableHa MOXKeET
CIy»KHTb ONpefiesieHHe TOBEPXHOCTH obbeMa Topa (6apanki).

Ecau 0603HauuTh 4Yepes R paccTOsiHWE OT OCH BpalleHMsi 10 UeHTpa
TSKECTH OKPYXHOCTH, a Yepes r — paJuyC OKDPYXXHOCTH, ofpasyoLilelf Top,
10 1o gopmynam (2.19) u (2.20) mosyuum cjeayioLide 3HAUCHHsI IIOBEPX-
HOCTH M 00beMa 3aMKHYTOTO TOpa (= 27m):

S = 2nr-2nR = 4n*rR; V =mnr?*.2nR = 2n°r*R.
§ 3. PA3BEPTKH PA3JIMUHBIX NMOBEPXHOCTEH W NEPECEYEHHN

Haxoxjesre nepeceueHHii U pas3BepTKH NOBEPXHOCTEH Pa3JIMUHBIX reo-
METPHUCCKHX TEJl MOXKET BBINOJHATbCA KakK rpaduueckuM croco6oM ¢ nomo-
IbIO NIPMEMOB HeuepTaTeJbHOH IeOMETPHH, TaK H aHanutuyeckd. s obec-
neuyeHus OOJiplIeii TOYHOCTM PasBepToK, HeOOXONHUMOH B MeTaJUIMYyecKHX
060JIOUKaX, peKOMEHAyeTcsi NMpHMEHeHHe aHAJHUTHYECKHX CHOCOGOB, 1103BO-
JASIOLMX MCIOJB30BaTh TabGJuUHble NaHHBe H OO0JeryaloLHX IIOCTpPOeHUe
pasBepToK.
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lap

Illap He pasBepTHBaeTCsA Ha IIOCKOCTb.

Caenyer oTMeTHTh ABa HauGoJiee HacTO BCTPeUAlOLIMXCA criocoba pac-
kposi wapa. [Tepsnlii, ykasanublfi Ha puc. 2.6, q, 3akjwyaerca B MEpHAHO-
HaJbHO-TIAPaJJIEIbHOM CeYeHHH cgepbl Ha OTJAebHBIC JIMCTLI; TPH 3TOM BCe
BepTHKAJIbHBIC JIMHHH UJIeHEHHS ABIAIOTCA OOJNbLIAMM KpyraMu IIapa, a
BCe TOPH3OHTAJbHBIE KPYTH CYyThb KOHHYECKHE CEUEHHSI ¢ BePTHKAJbHOH OCHIO
¥ BepIUMHOH, Jexamel B ueHtpe cepnl. Ilpu stomM cnocobGe packpost yse-
JINUMBACTCS KOJHYECTBO CTHIKOB, HO YNPOINAeTCsi MOHTaX ChepHUecKHX Co-
CVJOB IO CPABHEHHUIO CO CJEAYIOIHM CIIOCOGOM.

Bropoit cnoco6, ykasaHHblii Ha puc. 2.6, 6, COCTOUT B TOM, UTO B OCHO-
By pacceueHHil MpHHUMAalOTCs GOJbLIME KPYTH, HaXOAAUIMECs B MJIOCKOCTAX,
KOTOpHle NPOXOAST Uepe3 peGpa KyOa, BnucaHHOIO B chepy (JHHHH pacce-
YeHHS OTENbHBEIX JINCTOB TAaKKe HaXOAATCS Ha GOJBIINX KPYrax).

B sTOM ciiyuae B OCHOBE PacKpOsi JIeKaT LIeCTb OAMHAKOBHIX KBaJpaH-
TOB, KaX/Jblil M3 KOTOPBIX B CBOIO Ouepellb MOXEeT ObiTb M3TOTOBJIEH U3 He-
CKOJMIBKMX OJMHAKOBBIX MAapoOK-JUCTOB. B kauecTBe npuMepa ykKasaH KBaj-
pauT, cocrosimuii u3 12 aucros. Ilpu 310M crniocoGe packpost MapOK-JIHCTOB,
HMEIOIMX pas3JiMuHble pa3MepH, OyleT TpH.

Ha puc. 2.7 nokasan npuGJHKEHHBIH CIIOCO6 PACKPOs 3arOTOBKH LI
cdephl, 3axkJIIO4AIOMUHACA B TOM, YTO 4acTb Cepbl 3aMEHSIIOT CONpSiXKEeHHbI-
MH YCEUEHHBIMH KOHYCAMH.

KoJyecTBO CONpPsSi?KEHHBIX KOHYCOB yCTAaHaBJMBAETCH B 3aBUCHMOCTH
OT HeOGXOJAMMOH TOYHOCTH pacKposi. [ToCKONMbKY clieJlaHHBIe TakuM 06pasoM
pPa3sBepTKH OTHEJbHBIX YyCeYeHHBIX KOHYCOB HE COMpAraloTcst MexAy coGoi,

a)
0 D
57 <}
/
/
Al )4 //
’_,/ ;
%
Oy
)
02
cibj|a
a o,
[ alélc Oy
¢

4

Puc. 2.6. JIsa cnocofa packpost Puc. 2.7. [TlpuGamxennass pasBepTka M[OBEPXHOCTH
NOBEPXHOCTH 1iapa mapa
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JUIMEA MEepUMOHAJIbHOM 4acTH packposi 06osouku Gyner 60Jblle HCTHH-
Holt. IloaTOMy pasmepnl npenBapuTesbHOH 3arOTOBKH OKAa3biBAIOTCS He-
CKOJIbKO GOJBLIMMH, ¥ NOC/e MITaMIOBKM H3JIMIIHME KOHLBI 0Gpe3aloTes 1o

CleuyaJbHOMY LI1aGJoHYy.
Hsnumnas niomais, o6pasyiomancs BeleACTBHE TOTO YTO chepa He

PasBepTHIBAETCH Ha NJIOCKOCTh, 3auyepHeHa Ha puc. 2.7.

Bce mepecedenusi miockocreil co chepoil ABIAIOTCA OKPYKHOCTAMH,
AMaMeTp KOTOPHIX paBeH:
d=Dcosp =}/ D*—4h2, (2.22)
rae h—pacctosinde 0 ceKymiell MJIOCKOCTH OT LeHTpa cephl;

D— nnamerp wapa.

Duaunpp
Ha puc. 2.8 nokasana pasBepTKa 4acTH UHJMHApPA, NOJYYEHHOH mocje

€ro ceuenusi AByMsi MJOCKOCTSAMH: MepBOH — NEpNeHAUKYJIAPHOH OCH Id-
JIMHAIpa, BTOPOi — HAKJIOHEHHOH K Hell moj yriom a; CEKYIUHe TJIOCKOCTH

a) 4
X ax
0 o
7 h!)ﬂ
23
4 5 F2
5 N/
P 7
/] 9
i 0
12
3
1% i
%" 90
18 9 Fy
20
¢ X ax
o) A
—2.
: i Puc. 2.8. PassepTka uu-
14 JIHHAPHYECKOTO Konkbita
14 X a — CeyeHHe NJoCKoCcThio YyOx;
P 6-—06‘!6}"{6 NJOCKOCTBIO, HOP-
~ MaJbHOH ocu Oy, Ha BbICO-
r Te Y; 86— ceyeHHe TJOCKO-
CTbi0, Npoxopsiulell uepes Oz,
7] HakKJIOHHolt K YOz nom yr-
A N JIOM @ 2 -— pa3wepTKa
L]
e z
) 27ir
- £ _ Suun,
. N o7 (smy;--y;-ws”-}
AN WY
Ll T
- =2%r
) 4
y =heosi(; =arcos ;')
a a
<
< ¢

4'
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nepecekalorcsl Ha obGpasyiolefi unaunapa. Takoe reoMeTpuYeckoe TeJO HO-
CHT HasBaHME IWJIMHIPHYECKOrO KOMnbiTa. [Jsi MpUHATHIX Ha pHuc. 2.8 0603-
NaueHuil BeIpaxeHwe ofbeMa YacTH KOMBITA, Haxonsdile#ica Bhlle FOPpH3OH-

TAJIbHOH IVIOCK( 1 C KOOpJHHATaMH Y = X TSS9 yanwmercs B cae-
tgo tga
AyloiieM Buje:
60KOBAasi NIOBEPXHOCTb
— S (sing — @cos) =k S (2.23)
0 Tom ( pP—@ P) = Ryo Ogun» .
rie
sin @ — @ cos @
Suun= 201 (2h); kyy = 2P IR
2n
H o6beM
Viwa [ sind @\
V, = _é;;J (\sm P —QCose—— ) = Rog V s (2.24)
) sin3 @
sin @ — @ cos Q — 3

rae Vi, = 72 (2h); kyy = pw

Ins mocTpoeHusi pasBepTKHM UMJHMHAPA, YCEYEHHOrO HAKJIOHHOH MJOC-
KOCTbIO, CJIe[lyeT NMOJb30BAaThCS (OpMYJIOH

y= '—'tﬁﬂ" = h cos ¢. (2.25)
ga

3Hauenus ki M Rg AN pa3iMUBBIX OTHOLICHMH y/h= cOs ¢ TNpHBEOEHbHI
B Taba. 2.2.

Ta6auna 2.2

e B ‘p kw k:o
B 2pad B pad
1,0 0 0 0 0
0,9 25° 50" 31" 0,451027 0,004769 0,000376
0,8 36° 52" 12”7 0,643501 0,013560 0,002101
0,7 45° 34’ 23" 0,795399 0,025045 0,005670
0,6 53° 7’ 48" 0,927295 0,038774 0,011611
0,5 60° 1,047198 0,054499 0,020041
0,4 66° 25" 19~ 1,159280 0,072066 0,031223
0,3 72° 32" 33" 1,266104 0,091372 0,045319
0,2 78° 27" 47" 1,369438 0,112349 0,062449
0,1 84° 15" 39" 1,470629 0,134950 0,082692
0 90° 1,570796 0,159155 0,106103
—0,1 95° 44" 21” 1,670963 0,184951 0,132693
—0,2 101° 32 13”7 1,772154 0,212349 0,162449
—0,3 107° 27" 27" 1,875488 0,241372 0,195319
—0,4 113° 34" 41” 1,982312 0,272066 0,231223
—0,5 120° 2,094394 0,304499 0,270041
—-—0,6 126° 52 12" 2,214297 0,338774 0,311611
—0,7 134° 25" 37” 2,346193 0,375045 0,355670
—0,8 143° 07’ 48" 2,498091 0,413560 0,402101
—0,9 154° 09" 29”7 2,690565 0,457952 0,453559
—1,0 180° 3,14152 0.5 0,5
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B cayyae nepeceueHusi oceii LHJIMHAPOB pPaBHBIX JIHaMETPOB KpHUBAs
nepeceyeHusi OGOJIOYEK JIeXKHT B OJHOH IUIOCKOCTH, YTO MO3BOJSAET, MNOJAb3Y-
ficb IPHBEJIEHHBIMU Bhillle (opMyJaMH, NOCTPOHTb PA3BEPTKH U BBIUMC/IHTD
6GOKOBble MOBEPXHOCTH ¥ OOBEMbl TeJ, IIOJIyYeHHBIX B pe3yJbTaTe TaKHUX
nepeceyeHuil.

Konye

Ha puc. 2.9 noxasana passepTKa 4acreii KOHyCd, IIOJy4eHHBIX OTCe-
YeHueMm:

a) IUIOCKOCTBIO, IepPNeHAHKYJIAPHOH OCH KOHYCa,

6) MIOCKOCTBIO, HAKJIOHEHHOH K oc KoHyca (90° — a<(B);

B) ILIOCKOCTBIO, MapaJjieibHOi OnHOK 3 06pasylomux (90°—a=p);

r) IUIOCKOCTbBIO, MapaJsyleJibHOH OCH KOHYyCa (90° —a.=0).

Bo Bcex cayuasx clenyeT BHpa)kaTh AMHHY OOpasylome#i koHyca [,
yepe3 UEHTPAJbHBI YTOJ ¢, OTCUHTHIBAEMBIAl OT OCH CHMMCTPHH (B JaHHOM
cayuae ot ocu Ox).

Jlnsi ciyyasi mepeceueHMst KOHyca C IWIOCKOCTBIO, [epIeHAHKYJsPHOM
ero ocH, AJuHa oOpa3syioniell NOCTOSIHHA W PaBHa:

L=y = Yo — %o (2.26)
cosp  tgP

L fopabono

]

0cy cCuMmEmMIU
paidepmrid

ey

—‘/

e -’/'

—1y=1 f+tga-tgS
w0
o I+tga tgp cosy

. Puc. 2.9. PasgepTka KOHWYECKHX CEUeHHI



KoHyc passBepThiBaeTcsi B IUIOCKOCTH B BHJI€ KPYFOBOTO CEKTOpa C LEH-
TPaJbHBIM YTJIOM Pa3sBepTKH:

¢p = 2msin f. (2.27)

CBsizb MexJy IIPOH3BOJIBHBIM YIJIOM (- B NONEPEYHOM paspese KOHY-
ca-—u yrJIOM pasBepTKH @, BblpaxkKaeTcsl B BHJE aHAJOTHYHOH (opmy.bl
¢p = @sinf. (2.27a)

[Ipn mepeceueHuM KOHyca MJIOCKOCTBIO, HaKJOHeHHOH K ocu Oy mnon
IIPOM3BOJIbHEIM YriIoM 90° —a>P ¥ nepnenauKyasapHoi nnockocru xOy, 3a-
BHUCHMOCTb MEXAY KOOpAMHATAMH HAXOAMTCA NYTeM COBMECTHOTO PelleHHUst
yPaBHEHHUs ILIOCKOCTH

Ko—x 1 (2.28)
Yo—y tga
U ypaBHeHHs KOHyca
x2 4 22 = 2 tg?p, (2.29)

BBRINIOJIHAEMOI'O I0CSie IIOACTAHOBKH BMECTO 2 3HAUYCHHSI
z=rsing = ytgPsineg. (2.30)

Peuvs ypapuenus (2.28) u (2.29) cOBMECTHO OTHOCHTEJbHO Y, HOJY-
uyM ofmiee BHpaXKeHHe /5 pPa3sBepTOK YacTH KOHYCa, OTCeYeHHOro IMJIOCKO-
CThIO

— 1-}tgatgf 231
Y=Y 1+tgoigBeosg’ (2.31)
Wy
I =, TtexleP (2.31a)
1-}tgotgpcoso
.npu ¢ =0
Y=Y,
npu (p:i
2
y=1Yyo(1 +tgatgp);
IpH @ ==
. 1-}-tgatgh
9= igatep”

JlaBasi IpOM3BOJIbHEE 3HAYCHHSI YTy @, JETKO ONpPEAENUTb BeJHUHHB!
y u obpasyomeit [

ITpu nepeceueHHH KOHyca IUIOCKOCTbIO, MapaJuieJibHOH OfHOH o6pasy-
omei (90° —a=p) u nepnennuxyaspHOl nmuockocty xOy (cayyah nepece-
yeHds KOHyca 1o mnapafoJie), 3aBUCHUMOCTb MEXJY KOOpAMHATAMH HAXOAMT-
cAl TIyTeM TOACTaHOBKH B Gopmyssl: (2.31) u (2.31a) 3nauenus o =90°—f.

IMocne npeobpa3oBakuil NoJydyaem:

2. 2.32 | =2 2.32
y 14cosgq’ (2.32) 14cosg’ (2522)
npu ¢ =20 _

- y—yOs

npu P=
y = 2y,;

IpH @ =
y = oo,

ITpu nepeceueHHH KOHyca HJIOCKOCTBIO, MapaJsienbHo#t ero ocu (90°—
—a=0), 3aBHCHMOCTb ME¥1y KOOPAMHATAMH NOJY4aEeTCsl MyTeM MNOACTa-

.
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noBku u3 dopmyn (2.31) u (2.31a) 3nauenus @=90° 4 packpeiTHs HeoIpe-
JIeJIeHHOCTH:
— Yo, (2.33) jrplen

cos’ cos @

Iepeceuenue ABYX KPYTOBbIX KOHYCOB

(2.33a)

QopMyasl, NpuBEJEHHble HHKe [Js1 ONpefielleHdsi MepeceueHHst IBYX
pPasJIMYHBIX KPYrOBhIX KOHYCOB, OCH KOTOpPBIX He JiexaT B OIHO# ILIOCKO-
CTH, SIBJSIOTCA OOGHIMMH He TOJBKO JJISl YACTHBIX CHyyaeB IlepeceyeHMs KO-
HVCOB, HO H MOTryT OHITb NpeoOpas3OBaHBl AJSA Caydyasi llepecedeHUsi KOHyCa
C UMJIMHAPOM M UMJMHAPA € UWJIHHAPOM.

[£3

Z,

Xysx,c08a-ly,-a,)S8th &

Puc. 2.10. [lepeceuenne gByX KOHYCOB

Kak yxe ObIO ckasaHO, AJs ynoO6cTBa pasBepTKy AJHHA 0Opasyronied
! B Mecrax nepeceueHHsi Ao/xkHA OBITb BbBIpaXkeHa dyepes IEeHTPaJbHBIH
yroa ¢. .

Ilpu nepeceueHuu KOHYCOB KaxKJIOMy HaHHOMY yrjy ¢ OYAyT COOTBET-
CTBOBATDb /IBA 3HAUEeHHsi OOpasylomei: [, H l,.’. B cayuae npuMbIKaHHs OHO-
rO KOHyca K apyromy 6epercsi OHO 3HaueHue [;, BbIbHpaemoe B COOTBETCT-
BHH C 3aJlaHHBIMH NapaMeTpaMm.

Ha puc. 2.10 npusenenbl 0603HaueHUsi U cxeMa NEepeceyeHus NBYX KO-
HycOB. 3a LEeHTPbl KOOPJAUHAT MPUHATH BEPIIMHBI KOHYCOB, NPpHYEM OCH KO-
HYCOB SIBJSIIOTCH OCSIMH COOTBETCTBEHHO lj H Y.

3afanpl CJHEAYIOUUe BEJUYUHBI: YIJB KOHYCOB Py M B, 3KCUEHTpPHIM-
teT e (paccrosinve MexAy ocsaMu Oiyy u Ogzys), paccTosinus @, M ap OT INe-
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peceuenusi mpoexuuit oceit Osyy u Oxyz Ha miockocts xOy (touka O) HO
BEPIIMH KOHYCOB H YIOJ @ MEXNy 3THMH e NPOEKUHAMH ocefl.
Ins panpHeHUKX NpeoGpasoBaHMi HCHOOMB3YIOTCH CJECAYROUIHE BCHO-

MorateJibHble QOPMYJIIbL:

Xy = Iy sin @, sin Py; Xxg = I sin @, sin By; (2.34)
Y = L cosPy; yp = lycos Py (2.35)
2, = 1, cos @, sin By; 23 = l3cO8 @y sin fy; (2.36)

Xy = X, COS 0 — (f; — @) Sin & = X; cos @ — yy sina + @, sin ¢; (2.37)
Yy = X, sina + (y; — @) cosa + a, = Xy sina + ycosa —a, cosa + a,. (2.38)

[ToACTABHB COOTBETCTBYIOU(ME 3HAUCHHs X; M Yy W3 dopmyn (2.34)
(2.35) B (2.37) u (2.38), nonyuum 3HaueHUss X2 U Yo B QYHKUMH OT KOOp-

JHMHAT NEepBOH CHCTeMHI:
Xy = Iy (sin ¢, sin B cos a. — cos By sinar) + a; sine; (2.39)

Yo = Iy (sin @y sin B, sin o -} €os Py cos &) — @ cOs & +- aq. (2.40)
VpaBHeHds NOBepxHOCTeli KOHYCOB I W 2 HamHUIyTCR B ClenyloeM
BHIE:

X 2= = g By (241

K4 2= r] = yitg®p, (2.42)

Toactasus B Gopmysy (2.42) 3sHaueHus X, ¥ yp M3 dopmyn (2.37) H
(2.38) u 3HaueHue

22 el 21 — € (2.43)

¥ pelluB IOCAe YKa3aHHbIX IIOJCTAHOBOK CHCTEMY YpaBHEHMH (241) mw

(2.42), nonyunm:

[ %, cos a—(y,—a) sin a |2+ (z,—e)* = [x3sin a4 (y, —ar) cos a+ap]*tg? e, (2.44)
[Mocae 3amensl B Gopmyne (2.44) 3HaueHu#l x; M Yy 3HauUeHUAMH [} U @

u3 dopmyn (2.34), (2.35) u mposeneHus IpeoGpasoBaHHil MOJYYHM BhIpa-

KeHpe cjenyrouero Bujaa:
P cos? B, — (sin @; sin o sin By -} cos & cos By)? +
1

cos? P
421 {sin ¢ sin e sin py ( aclocszsﬁj — o, tg? 52) .
2
— cOs @€ sin By — ay cos By (l — C:;Z ;:) — agcos a cos By tg? ﬁz} +
+ [a}sin? o + €® — (a, cosor — a,)® 1g*B,} = 0. (2.49)

O603nauns B dopmyae (2.45) kosdouunents npu [; uepes A u npu
Iy uepes B, a takxe cBOGOIHbI uien yepes C, MONydHM:

2
—B=VB—4AC_ (2.46)

2A
JlaBasi NPOU3BOJIbHBIE 3HAUEHHs (1, BBHIUHCIAIOT 3HAYeHHE KO3(QHUIH-
entoe A, B (B cBoGonupiii unen C 3HaueHHe yryia (q He BXOAUT) M HAXOIST
juvHy o6pasyromeil. Kak BuiHo u3 ¢opmydnl (2.46), KaxaoMy 3HAUEHHUIO

@1 COOTEeTCTBYIOT [Ba 3HAUEHHsl JUTMHBI 06pasyiowleh.

BeniectsenHoe 3Hauenme Iy Gyler B cjydae YAOBJETBOPEHHST CJCLYH)-

nlero HepapeHCTBA:
B? > 4AC. (2.47)

l1:

B Ta6na. 2.3 npusenens 3HaueHust kosppuuuentos A, B w C pas vau-
GoJee 4aCTO BCTPEUAIOLIMXCS CJIyyaeB NMepeceyeHuil ABYX KOHYCOB M KOHY-
€a ¢ LHJIMHAPOM.
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Has eayuas mepeceyeHHsi ABYX UMJAMHAPOB B Taba. 2.3 AaHO 3HayeHHe
I, B gBHOM BHAE, DpuYeM UEHTPbl KOOPIHHATHBIX OCEH MPHHATH B TOYKE
nepeceueHHs1 NPOEKIHUH oced.

[Tocne onpenenenus snaueHusi [; no ¢opmynam (2.39), (2.40) u (2.35)
BHIYMCJSIOT 3HAUEHHUS Xg, Yz U lo, 8 3aTeM no gopmyne (2.42) — 3Hauenue
Z5. YToJa @p, OTBEUAKOUUE YIJy @), onpelesieTcs 1o Gopmyqie

¢, = arctg ’:—” (2.48)

2

IMepeceuerne KPYroBoro KOKyca H LHJIHHAPA

AHAAOTHYHO IlepeceyeHHio0 ABYX KOHYCOB Npd ONpEIeJeHHH MecTa Ile-
peceueHHsi KOHyCa ¢ LMJIMHIPOM pelIaloTcsi ypaBHeHHe Konyca (2.41) u
ypaBHeHHe UHAHBApPA

x4 2=r. (2.49)

JJisi ynpouieHdst BbIYMCIEHKH HayaJo KOODAMHATHHIX Ocel JJs IH-
JHHApA NPUHUMAETCA IMPOXOJSILIHM Yepe3 TOUKY NepeceueHMss NPOeKUHH
oceil KOHyCa M UHJMHIDA.

B kauecTBe BCIOMOraTeJIbHBIX HCIONb3yioTesl opmyabl (2.39) u (2.40).

[MoacraBus 3HaYeHus Xi, y,, 2 u3 dopmyn (2.34), (2.35), (2.36) u x
0 yp Uz dopmya (2.39) u (2.40) u pemmB cucreMy ypasHenn#t (2.41),
(2.49) otHocuTenbHO [;, MOJyuuM CJAeayloilee BbipaXeHHe:

I |1 — (sin @, sin acsin By + cos a cos By)]? +
+ 21, [sin ¢y a, sin & cos a sin B, — cos @, e sin P, — a; sin® @ cos B;)] +
-+ [a’;’ sint o + e>— r?m] = 0. (2.50)

Koshduurents nepen 2, L, a Takxke cBOGOAHBIH UJieH B aBHEHHH
1 p

(2.50) obo3maualoTcs COOTBETCTBeHHO yepe3 A, B, C; 3HaueHme [; onpefe-
ssiercs o Gopumyae (2.46).

Iepeceuenne NByX KPYroBbiX LHJIHHAPOB

Mecto nepeceueHHsl OBYX LHJIHHADPOB ONpenessieTcsl IyTeM COBMeCTHO-
IO pelieHHsl CJEAYIOUIMX YPaBHEHHH, COCTABJEHHBIX C 1@JbI0 YIIPOLICHHS
HX BHJa OTHOCHMTEJbHO KOOPAMHATHHIX CHUCTEM, HAYWHAIOWIHXCS B TOUKe
nepeceyeHts IPOeKUYH OceH LHJIMHIPOB:

ypaBHeHMe IIePEOr0 LMIHHApA

K2 =1 (2.51)
ypaeHeHHe Broporo uununjapa (2.49);
BCIIOMOraTesbHBe (QOPMYJIbL:

Xy == I'1o SifNl (g COS @ — Yy sin a;
Yp == Xy Sina 4 y; cOS a; 2, = Iy, COS @1 — €.
ITocse pemjeHusi ykasaHHbIX ypasHEHHH INoJlyuaeM 3HaueHHe y=1;
SIBHOM BYJle OTHOCHTEJBHO IIOCTOSIHHLIX NAPAMETPOR H YIJia @il

s

g - \2
rosin@; cosa == ) Fon— (flo cos ¢, —e)

h=h = , , (2.52)
sina
a TaKXKe SHAUEHHUS Xz, Yz U @2

Xy= %} r3—(rocos @, —e)?; (2.53)

2 R AY
gy — r1053n(p1 + V o0 (f10 08 @y e) . (2.54)

sina tga
N ‘ / 2, -

gpg=arctg - arctg{ + L P —rr 1; . (2.55)
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0S

Ta6auua 2.3

3nauenue KoapoHiHenTa

5-01'-") o8 Ne
50 Cayuait
5 £&§ L' Ay A | B l c
2|si sin o sin § (alcosa a, tg? B
sin — —
P1 1{ cos? B 2 18
" / cos?a .9
1 O61mit — €os @; e sin B; — a; cos B ( 1—— n ) — |4 51“0“4-92—(“1505 “*az)z tg262
\ cos? B,
= I N
cos®By—(sin @y sinasinp, - cosocosfy)? — a, cos o cos B tg? [321
cos? B, i
. . . a; cos o L
2[sm [ smasmﬁl( 5 ——agtgzﬁz)—
2 OGuuii, e = 0 To xe cos? acos Bz ‘ a‘f sinf o — (“1 cos o — a2)2 tgr"ﬁ2
—ay CoS By (l — M) —a, cosa cosfy tgzﬁz]
cos? B, — cos? cos? 2(— esi - tg2p, —
3 O6uuii, @ = 0 i) 371 EERP Bx (— cos @; e sin Py -+ a; cos By tg2f, € — (ay — ag)* tg? By
cos® B, cos? By — @5 c0s By tg® Bo)
T cos? o — sin? @; sin? — 2 (si a, sin f; tg?
4 | o6, — = B2 . P Sin® B, (sin @y s B tg® B2 + a? & —atg’p,
IBa ; 2 cos? By -+ cos @y e sin Py |- a; cos fiy)
e o O . cos? B, — cos? By cos®p; 2 (ay cos Py tg? B, — ay cos By 1g2B,) = ,
= —3 =] —_— —_— Q.
’ cos” By cos? B, — 2 cos iy tg? By (a1 — ag) e
i cos? B, — sin? @; sin? B, . .
6 e=0,a= ? ot fy — 2 (sin @;a, sin B; tg? By |- a; cos B;) a; — ag tg2ﬂ2
7 e = 0, KacatesibHasi -
obwas - -
T
8 e=0,oc=——2—,xaca- . . .
TeJbHast obuias
N 1 — (sin ¢y sinosin f; + 2 (sin @,y sin a cos o sin f; — cos @ze sin f; — 5 . 9 5
Konyc oF §f ‘Ssiuh + cos o sinfy)? —ay sin® a cos By) ajsin‘o |- ¢ — ’go
1 M-
THEIP | 10 | Ouwuii, € = 0 To xe 2 (sin @ya, sin & cos o sin By — azsin®o cos By) = a, sina — ,30

= 2ay sin o (sin @ cos o sin f; — sin o cos ;)
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11 | O6uwmi, @ =0 sin2 B, 2 cos @qesin By e>— ’go
Fi1
12 | O6mwuit, o = 7 1 — sin? @, sin? B, — 2 (cos @qe sin B -+ a, cos By) af +e2 — ’%0
Konyc
H IH- = = in?
o 13 le=0,=0 sin? By 0 — ’%0
T
14 |e=0,a= Y 1 — sin® @, sin? f; -~ 2ay cos By a?—rgo
e=0(; KacaTeJibHas . . . alsin'a
15 Soie I — (sin @y sinasinB; 4 coscrcos B1)? | 24, sina (sin @y cos o sin f; — sin o cos ;) o Sl e
sin® o 4 tg? B,
7
g | 6% B hE 1 — sin? gy sin® — 2y cos B, 4"?—=a2cos2ﬁ
caTesbHast ofuias 14 tg2p, ! !
y1=1U4L=
17 | O6uuit — o sin @,coso = i/’g(r—(fm cos ; —6’)2 _
o sino
Y1 = Iy -
18 | O6ummii, e =10 - rpsin @, cosa == l/ ’go" rfocos%l —
- sina
- 19 | Oumit, « =0 | - 1=l = oo | =
LHIKH- T, LY - Yar
Zipa 20 [O6muit, a = 2 Y=l === l/ ri,— (riocos ¢ — 8)2 -
21 |e=0, =0 | — Y=l = oo l —
22 0, 0=— 1 2
e=0, ¢=— — —1 =
9 yp =1l ==V ro— ripcos’p,
e = 0, KacaTeJibHasi rsing
2 obmas - ro=re=r; y1=10 = Sinal(cosa:t 1) -
0 i Kac
e=0, &= ——, Kaca- .
24 9 — rig==rog=="r; == Iy = rsinq, —

TesbHas obulas




Ecnu nepecekalouliecs Tella UMEIOT TOJBKO ABE TOUKHM B3aHMHOI® Ka-
canusi (puc. 2.11), TO RONONHUTEJBHLIMH OTPAaHMYHBAIOWMMH YCIOBHSMH
NpH COCTaBACHHH BBIPAXXEHHS, HEOOXOLMMOTO IJsi ONpelesieHHst SHauYeHHs
[y xak QyHKUHH yraa ¢, 6ynyT:

a) BeJMYMHa 3KCLEHTpHLUTeTa e=0);

6) monkopeHHOe BhIpakeHHe B (opMyse (2.46) Nas TOuek Kacamuusi,
ABJSIOIIHXCA TaKXKe MeCTOM IMepeceueHHss o6pasylomMX HBYX Hepecekalo-

a,siney

/

Ay
I

Vi

/"\\

.

Puc. 2.11. YactHple clyuan nepeceueHHst WMAHHA- Puc. 2.12. Tlepeceuenne Komyca c¢
pOB H KOHYCOB HHJHHAPOM

IHUXCSE TedA, AOJXKHO OHITh PpaBHO HYJIO, TaK Kak L5 5TOH TOUKH MMEeTCH
JHEIb ONHO 3HauyeHHe I:

B
o= (2.56)
B%D s 4A1DC1D =0; (2.57)

B'::D e 4A2D CZD::O'

M3 sblpaxenuit (2.57) MoxHO HaliTH 3HAUCHHS VIJIOB Qp 0 @yp ANH
TOUKH KacaHns Kak QYHKUHIO MPOUHX reoMeTpHYeCKHX JaHHHX. CBA3b Me-
KLY YLAOM @, M @, VCTaHABIHBAETCS H3 (QOPMYJH

\

sin o (cos B1— l%))

tg gy — 22 =tg ¢ sina— (2.58)

2, €0s (g sin f§y
e 7 (9. ~4

[Toncrasus B popmyay (2.58) BMecto @, U @, 3HaUeHHS Q,p U @y, U 3HA-
yenHe [, H3 QopMyaH (2.56), NOJyuHM LONOJHHTENbHYIO (OYHKIHOHAJBHYIO
CBA3b MEXKIY &, Py, flo, @1 ¥ Gz, COOTBETCTBYIOLLYIO CAyYal0 KacaHus MOBEPX-
HOCTEH TOJILKO B IBYX TOUKaX.

JTta [ONOJHUTENbHAS CBA3b NOKA3bIBAET, UTO B C/Ayyae KacaHHs B ABYX
TOYKaXx 3HaueHus o, fyi, B2, a1, G, He MOryT 6HTH B3ATH NPOH3BOJBLHO, a OA-
HO H3 HHX JOJIKHO OHITh IIPHHSTO B 3@BHCHMOCTH OT JIPYTHX.
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B kauectBe npuMepa Ha puc. 2.12 nokasas ciyuall KacaHHs KOHyca C
LHJAHHAPOM.
W3 tpeyroabnukos 0132 u 0431 caenyer, uto

a; tg By T'gp
aq sina ]/ . 3
in2
asinto —r3,

OTKYHa nojyuaeM HNONOJMHHTEJLHOE€ OrpaHHuYeHHe NJis yria ﬁi WIH 1J18 na-
paMeTpoB rgo, A1, Q. B 3@aBUCHMOCTH OT TOro, Kakue H3 HHX 6yl.[yT 3da1aHbl
KaK NOCTOsIHHbIE:

tgy =

regsSina

tgh = ; (2.59)

]/a%siﬂ206-—~r§0
] rapSino / asirfa-—r
- . — 1 20 .
(smﬁl— 7= == cosfy = l — |

V asina—r4cos’a alsin®a—r2 cos’a

P

o sino tg By

oo = ——T_—— —; (2.60)
V sin?a 4 tg?py
T V sin® ottg? B,
sin o tg By
sina = vz T g by . (2.62)
1/ a%th By —’go

4y

(2.61)

INMepeceyenre KOHyca H LHWIHHAPA C LIAPOM

Has ynpowenus Buua ¢opmyn myockoctn 20y OPHHHMAIOTCS HPOXO-
ASIUMMH 4yepe3 OChb KOHyca M LleHTpa wapa (puc. 2.13). Mecro nepeceue-
HHSI KOHyCaZ C LIapoM onpenensercs
nyTeM COBMECTHOrO pelleHHsi ypaBHe-
HHf NOBEPXHOCTH LIapa

Lt RA=R (263

u ypaBHeHHs KoHyca (2.41) ¢ ucrnonsb-
30BAHHEM JIONOJHHUTEABHBEIX (opMysn

(243) u (2.36): ;
z:ZI—‘QZIICOS(‘)ISinﬁl—e, y /l>3( !
PR IR\ N2y ==
a taxxe (2.35), (2.36), (2.37): 7 %

(L sing sinBy)® + (4 cos By, — ay)? +

+ (I cos @, sin B, — e)2 = R2.

IMocne npeoGpasoBanus 310 BHI-
paxxeHHe npHoOperaer CJeHVIOLHil
BHJI:

PHe. 2.13. Tlepeceuenne XKOHyca ¢ Uia-
. oM
L = (ecos @, sinP; + a;cosfy) + P

+ 1/(e cos @, sinf,+a, cos f;)? — (e?+a? — R?) . (2.64)

Ilpu onpenenennn nepeceuenys: UUAMHLPA C WAPOM PeUIACTCS CJIELYIO-
Hias cucreMa ypaBHenu#l (npuHHMaercs a;=0):
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YpaBHEHHE LIHJIMHLApA
2 i a2 2.
X+ Zl e rlO’
ypaBHeHHe 11apa

Ao (o e = R

Ipu nepeceuennn cdepnl ¢ UMAHBAPOM yi=I; H 2;=ry COS ¢1. Peuus
YKa3aHHYI0O CHCTeMY ypaBHeHHH, MOoJyYuM:

B+ e+ rl) —R?—2r, ecos @, =0; (2.65)

[, =+ ]/R2 + 2rgecos,—e* —rl). (2.66)

3Hauenus i A PasNHYHBIX C/yuaeB MepeceueHHs KOHYCa H LHJIHBLAD A
C u1apoM npusenieHbl B Tabn. 2.4.

Ta6auuma 2.4

‘szgzﬂrll:;{pe- r'];r; Cayuait 3HauenHe [; =y,
(e cos @y sin By - ay cos By) ==
2 —>
i O6uHit = V (e cos @, sin B, -+ a, cos 51) -
- 2 2 2
Kouye —(e —l—al—R)
H uiap
2 .
2 O6wuit, e=0 a; cosf, == VR‘ — a% sin® By
3 e=0, xacaTenbuas o6uias l a; cos By; (R = ay sinfy)
& 2
4 | O6umwit = )/ R® - 9rgecos ¢, —e*—r%
Humunp N
H map 5 O6wn#, e=0 o= ]/R2 —-rfo
6 I e=0, xacatesbHas obmas 0
t

DopMyar!, NpUBEliEHHBE B 3TOM naparpage, SBIAIOTCS OCHOBOH HpH
COCTaBJCHHH NPOTPAMM /A 3JEKTPOHHO-BLIUMCJHTENBHEIX MallHH.

§ 4 'PAPHYECKOE MOCTPOEHUE PA3BEPTOK

Hpu rpaduueckom nocTpoenu: juBHii TepeceyeHHs iByX NOBEPXHO-
CTEH IOJb3YIOTCS BCOOMOTraTeNbHBIMU TUIOCKOCTSIMH HJH OBEPXHOCTSMH,
XapakTep NepeceyeHHsi KOTOPHIX ¢ JaHHBIMH MNOBEPXHOCTAMH W3BECTEH.
O6e1uno B KauecTBe BCMOMOTraTe/bHBIX MOBEPXHOCTEH NPHMEHSETCH MAOC-
KOCTE.

Ilpu nepeceueBun IBYX LMJIMEIPOB BCHOMOTaTeNbHBIE MIOCKOCTH y106-
HO pacnonaratb B IJIOCKOCTSX, NapaJielbHbIX <IJIOCKOCTH MapaJlie/ns-
Ma», T.€. B TaKHX NJOCKOCTSX, KOTOPHIe NepecekaH Ok 06a LUIMEIpa no
obpasyomum.

Ha puc. 214 MiN: u M3N, — o6pasyiomme 1Byx LUIHHPOB;
AB|| MiN; u AC|| MoN,; nnockoeTs Q sBASETCs MIOCKOCTBIO napaJe-
JIu3Ma.
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Ipn nepeceuenun uu- N, X
JHHEJPHUYECKON H KOHIUe- yARN \

/ A
cKofl HOBepXHOCTe#l BCIO- 7 M
MOTraTeJBHYI0  TIOCKOCTL M, N
clefyeT NPOBOAUTH Uepes iy
npsAMYyo, IPOXOUALLYIO Ye- L S
ye3 BepUINHY KOHyca Iia-

paanenbHo  obpasyolneit

unnungpa (npsimas  SMy Puc. 2.14. TlaockocTs napadiennsma
Ha pHc. 2.15). B stom cay-
yae U IUJIWHAP, H KOBYC
OynyT nepecexarbcs Mo 00-
pa3yIoUluM.

Ilpu nepeceueHHH HBYX
KOHHUECKHX TMOBEpPXHOCTeil
BCIIOMOTATeNbHbEIE ILJIOCKO-
CTH ClelyeT NPOBOLUTE ye-
pe3 OpsMy0, COeIHHSAI0-
LUIYyI0 BepUIMHBL KOHYCOB
(npsmas  S1Se Ha PHC.  Ppyc. 2.15. Boibop MaOCKOCTeH NpH NEPeCceueHuH KOHYCa
2.16), tax Kak BCroMora- ¢ LHAMHIPOM
TeNBHBIE MJAOCKOCTH B 3TOM
ciryyae Iepecekalorcss Mo
obpasyoluM 000uX KOHY-
COB.

Crenyer UMeThb B BULY,
4TO KOrja ABe nepecekalo-
LIHecsi TNOBEPXHOCTH Bpa-
UleHHA ONHCaHBl BOKDPYT
1apa, KpHBble Hepeceve-
HHs 3THX ¢Quryp O6ymyT
ILIOCKMMHM KPHBBIMH  JIH-
HUSAMH BTOPOro MOpSAKA.
Briute, na puc. 2.11, B ka-
yecTBe NpHMepa NOKa3aHH
CIy4au HepeceueHHss HIBYX
UMAMHAPOB PaBHOTO HHMaMeTpa, KOHyCa C LMJHHIAPOM W IBYX KOHYCOB,
I KOTOPBIX KPHBEIE mepecedeHHs JexKaT B ILIOCKOCTH.

Puc. 2.16. BeiGop mnnockocTeil NpH TepeceyeHuu
JIBYX KOHYCOB

§ 5. TPEBYEMASI TOUYHOCTb BbIYHCJIEHUS TPU MOCTPOEHHH PA3BEPTOK

ITocTpoenre pasBepTOK HPOHM3BOAMTCA MyTeM BHUHCJAEHHS pAlla OpAM-
HaT. B 3aBHCHMOCTH OT KOJHUYECTBa BBIYHCAEGHHBIX OpJIHHAT H3IMEHAETCH
TOYHOCTb MOCTPOEHHS: HPH YBEJHUEHHH HX YHC/Ia HocrpoeHHe 6yleT OoJee
TOUHBIM.

Jns yMeHbUIEHHS KOJHMYECTBa BHIUHMCJAEHHH' M TPYLOEMKOCTH HOCTpOe-
HHH, KOJHUYECTBa BO3MOKHBIX OMIMOOK u o0ecrneuyeHds HeOOXONMMOH TOY-
HOCTH MOCTPOeHMH CclellyeT YCTAHOBHTH CTeAeHb TOYHOCTH NOCTPOCHHH, 3a-
KJIOUAOLYIOCH B HasHAUYeHHH KOJHYECTEA TOYeK, IS KOTOPHX HeOOXOLH-
MO BEIYMCJIEHHE OpJMHAT.

Ha puc. 2.17 m3o6pakeHa MPOM3BOJABHAsi TeOpeTHUYECKas KpHBaa He-
KOTOpPOH pasBepTKH, Ha KOTOPOH NPHHSTHI IBe MPOHU3SBOJLHBIE TOUKH N1 H

1
n+1 c opliuHaTaMu COOTBETCTBEHHO Y, H Y,i1 H TOUKa n- — © OpAuHa-

TON Yy .
"+7

I ¥YMeHbliIeHMe KOJAHYECTBA BBIUMCJEHHH ¥MeeT 3HAUEHHE JHlIb IIpH1 pY4YHOM cCueTe.



Ecnan opnusate Touek n W n+1 coenuHHTh APSAMOH, TO MOTPEIIHOCTE
B NOCTPOEHHH, paBHAas BeJHYHHE CTPeJIKH, NOJKHa ObITh MeHee NONyCKae-
MBIX 10 KOHCTPYKTHBHEIM cOOGpakenusaM OTKJIoHenH# (A):

F<A ,
(f>F B 3anac TounoctH).
D10 HepaBeHCTBO HNO3BOJIAET
onpefeNuTh MaKCHMaJbHOE 3Haue-

HHe MexXHYy OpAuHaTaMy, yHOBJET-
BOpsolee YCJIOBHIO HONNYCKaE€MbIX

TOYHOCTell (MONYCKOB), H MOXKET 15 ! x
ObITH HANHCAHO B BHiE f—
[
n+7 f<4 .
f' +! = \
¥y 2
n | Tovnaa —_
' nepeeuba /
~s n
+ -
< +
> v
3 53 1

Yot ;

‘l{ i > XJ’

g Z ld 3 2n
a=ray 2
Puc. 2.17. Teoperuueckas gpuas pas- Puc. 2.18. Iepeceyenue uuimaapa nioc-
BePTKH JIHCTOBOH KOHCTPYKIHM KOCTbIO
Yy +Ynyy
——— | <A, 2.67
[y . +_;_ 9 S ( )

Ecau pns pansoit xpusoi NpHHHMAaeTCs OJMMH WIar d, TO erc BeJUuYuHa
LoMXKHA OHTH NPHHSTA HMCXOLS W3 TOYHOCTH OnpelesleHHss OpAMHAT JJist
Y4acCTKOB KpHBOH ¢ HauOOJbLIeli KPHBH3HOL. Ipy Baanuum Touek neperuGa
He CJlenyeT pacnosiarath JiBe CMeX<Hble TOUKH Ha KPHBOI No ee pasHble CTO-
poHHL (pHc. 2.17, cupasa).

Paccmorpum nambosee wacro BCTpeyarouuiica cayuail  nepeceyeHus

UHIHIIPA MIOCKOCTBIO (pHC. 2.18). O6uiee BHpakeHHe KOOPAHHATHI Y Ans
I@aHHOTO CJIyyasi HMeeT BHJ

y=rtga(l —cosq). (2.68)

IMoxcraBus COOTBETCTBYIOLIKE 3HAUCHHs Y U3 popmy.nl (2.68) B BHpa-
xeHue (2.67) u Bmecro y , S3Hauenue u3 (2.69),
n+7

cosg = cos m‘, (2.69)
rz—|—7 2

NOJIyduM cClienymoulee OCI:IOBHOE BbIpaxXeHue:

/ cos cos
( ¢, +cosQ, - ?, + ‘Pn_H) « A ' (2.70)
2 rigo

HauGonbuas KpuBu3Ea IJs Bbipa)KeHHs (2.68) Oyner npwu 3HAUEHHH
¢, OMH3KOM K HYJIIO.
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Ilpunas ¢, =0, npeobpa3yem Bhpaxenue (2.70):

1

(“r—“’i?i~cosﬂ’—‘)<: S @.71)
2 2 rtgo

- 4 34
! rtga /
510

AR A
/
o yay.
LA

g7 1L/

01 2 3 ¢ 5 65 7 8 9 W0 # 1z 15 w5
Ay;L.ﬂr
r 7

Puc. 2.19. Kpusrie 3aBucumocty A or Ag

1—y=rtgo(i—cosQ); 2—y=rigosing: — y=rigasin“:
4—y=rtgosingpcosQ

y
14 —
P NN
(\‘% Qs‘e \\
S SO
Yyl \i?:"g L*\ N\
77N, NN
< £=< <k X Zz
~ | 3
0 P4 X k74 f
4 ) \. 2 / ~= \
\ .

.

Puc. 2.20. Kpusele pasBepToK npu pasJiHyHbBIX TPHFOHOMET-
pHUECKHX ypaBHEHHAX OPAMHATH Y

Ecad NpuHSTh TOYHOCTH M3roTOBJEHHS A =2 mm, a=48° u r=1500 mnu,
To npaBblil wieH ypaBHenHs (2.70) (Gespa3mepHasi senHuHMHa) OyleT paBeH
Hoso=1,33-10—3 | Jlns mgaapHeHIINX BBIYHCJIEHMH 3HaYe€HHE LEHTPaJbHOTO
yryia pa3GUBKH

a=rhg; Ap =+ (2.72),
r

APpHHHMAETCA B HNPEANONO2KEHHH, UYTO H3MeHdAeTCs B Ipenenax oT

rtgo
1-10-3 1o 4-10-3. D10 nosBoasier OXBaTuTh NHANa30H HHamMeTpoB OT 1
P

A
20 4 m npu a.=45° u A=2 mu. 3HauenHe A Kak QYHKIHH OT A=——tg—— st
r a
3aBHCHMOCTH, yKa3aHHOR B ¢opmyne (2.68), nokasare Ha pHc. 2.19.
Ilpu pasBepTKax JHCTOBBIX KOHCTPYKLHH BO3MOXHBI H Ipyrue cjydas.
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y = rtgasing. 2.73
HauGonpian xpuBusHa npu ¢, GJH3KOM K —2—— (puc. 2.20). Yipunumas

P, :% M COOTBETCTBEHHO NpeoOpasoBhiBas (2.67) u (2.69), nonyunm:

s fn | @, lising ~ A
[ﬁn(4 +'2) 9 ] Sriga’ (2.74)
y=rigoasin? . (2.75)

e
HauGonbirass kpuBu3na npu ¢, GNH3KOM K HYJIO, H -5 IlpuHHMasn

«p, =0, u3 (2.67) nonyuaem:

[sin2—°"- —ii—“fﬂ’] P (2.76)
2 2 Triga’ )
y=rtgasinacosa. (2.77)

e n
HauGonbllas KpuBH3HA Opu @ = [punumasn Prta= =, MOMyUaEeM:

r n 3
w2 e L
4 __ldsin 2¢ ] < A ) (2.78)
L 2 4 rtga
Ta6auua 2.5

= o Ws  Sinfe,
? A= — (—lj—m——cos&) A (sm 2 2 )
i 2 2 HIH

- P ==Qs (] @ HIH A o f T,
T sin(l_:_ o2 )—is’_"%_ Sm( 4 w.) 14-sin®g,
= 4 2 2 5 4
<

1 1 89 44 0,038-10—3 0,007-10-3

2 2 88 43 0,152-10—2 0,304-10—3

3 3 87 42 0,342-10—3 0,685-10—2

4 4 86 41 0,609-10—3 1,215-10—3

5 5 85 40 0,950-10—3 1,895-10—-3

6 6 84 39 1,369-10—3 2,724-10—3

7 7 83 38 1,862-10—2 2,699-10—3

8 8 82 37 2,430-10-3 4,815-10—3

9 9 81 36 3,073-10-3 6,080-10—-3

10 10 80 35 3,791-10-3 —

11 11 79 34 4,582-10—3 —

12 12 78 33 — —

Ha puc. 2.19 u B 1abn. 2.5 npuBeyeHsl 3HaueHHsA@— L{eHTPaJbHOTO
yrsia pasOuBKH, ofecneuuBaloniell 3alaHHYI0 TOYHOCTL (A), B QYHKLHM OT

Oe3pa3MepHOH BeJHuHHH A=

" . Jlns npakTHueckux ueneil 3HaYeHHe
rtga

A cnenyer npUHHMaTb He MeHee 2—3 M.

[Ipy pasmerke KOHCTPYKUMH JiBe HOCTPOEHHble 1O BHLIYHCJEHHBIM KO-
opAMBaTaM TOUKHM (n, n+1) coenMHsIOTCH Mexny coGoil He mnpsAMOH, a
KPHBOH, 4TO obecrneuMBaeT (PaKTHUECKYI0O TOUHOCTb HOCTPOEHHs, IpeBhbilila-
IOIYI0 NMpHHATOe 3HaueHHe . Ilpu nonbaoBanuu rpadukom puc. 2.19 cie-
JAYeT NpefBapHTeJbHO BHYHC/IHTL 3HaueHHe A W 3aTeM ONpeLesUTh COOT-
BeTCTByIOLlee 3HaYeHHe yria Ag.



YHacte I
NMPOEKTUPOBAHMUE JIMCTOBBIX KOHCTPYKLLUH

IF'masa 3
PE3EPBYAPHI 1JI1 HE®STENPOAYKTOB

§ 1. OCHOBHBIE NOJO)XEHHS

OcroBras Macca HeQTH W He(pTenpOLYKTOB XPAHHTCH B MeTaJIHuec-
KHX pesepByapax M JHlIp He3HAauHTeIbHAsi 4acThb —B MeJKOH Tape: 6oOu-
Kax, OMIOHaX M KOHTeHHepax.

Hau6oanuiee yiensHOe 3HaYeHHe B HAapOJIHOM XO3fHCTBE MMEIOT CBeT-
avle gedrenponykThl. IloTepu cBeTsblX HedTeNPOAYKTOB IPH XPAHEHHH B
BEPTHKAJAbHHX LHJIHHAPHYECKHX pe3epByapax, paCcCUMTaHHBIX Ha fAaBjeHHe
200 mm 600. cT. B NapOBO3AYUIHOM NPOCTPAHCTBe pesepByapa (CBepx art-
MOC(EPHOro NaBJieHHs), NOCTHTaIOT HECKOJbKHX MHJUIHOHOB TOHH B TOI.
[Ipu stoM KpoMe GONBLIMX KOJAHUECTBEHHBIX NOTepb 3HAYHTENbHO YXYA-
LIaeTcss KauecTBO He(TEeNPONYKTOB, NOCKOJbKY JerkHe, HauGoJiee LEeHHBIE
$paklny HCHAapsIOTCS HJH BBHITECHSIOTCH B aTMocdepy NpH  3aNOJHEHHMH
pesepsyapa (CHHXXaeTcsi OKTaHOBOe YHCJIO, TepsieTcs KOHIMUHS H T.IL).

D¢dekTHBHOCTE PA3JHUHBIX THIIOB pe€3epByapoB H CHCTEM XpaHeHHsl
OTpeJieNIeTC C yYeTOM COKPalleHHsi NOTepb JIErKOMCHapsoLIHXCsl Hedre-
NIPOLYKTOB H Chipoil He(TH C BHICOKHM NOTeHIHaloM GeH3HHa.

[Ilnpokoe pacnpocTpaHeHHe HMEIOT BePTHKaJbHble W TOPH3OHTaJbHblE
LUJMHAPHYECKHE pesepByaphl, KaKk Haubosee yHOOHBHE [JIsI H3rOTOBJIEHHS
i1 MOHTAXa.

Ina xpadeHusi 0OJblix 0ObeMOB CXHXKEHHHX Ia30B MPUMEHSIOT Ia-
pOBEIE pe3epByapH, 1Jisi XpaHeHHs GeHs3HHa C BBICOKOH YyNPYrocCThio MapoB—
KanJeBHAHBIE Pe3epByaphl, pe3epByaphl ¢ NJapaiowel kpbliiei u 1. 1.

IMepeuncnenusle THAB pe3epByapoB (3a HCKAIOYEHHEM TOPH30HTaJb-
HHIX H LIAaPOBBIX) SIBASIOTCS HaseMHbIMHM M YCTaHaBJAMBAIOTCS Ha CHeLHaJb-
HO MOATOTOBJEHHOI NecyaHoll NOAyLIKe, NOKPBITOH THAPOPOOHBIM CJoeM
(puc. 3.1).

TopH30HTaNbHBIE MIHMHIDHYECKHE pe3epByapbl KPYrOBOTO CeueHHsI
(puc. 3.2) u uiapoBble pesepByapbl (pHC. 3.3) MPOEKTHPYIOT HAA3eMHbIMH Ha
CHelHaNbHEIX ONOpax.

Kpome HaseMHbIX H Halil3eMHBIX pesepByapbl MOryT ObiTb 3arayG.es-
puivu. Ha puc. 3.4 nokasan 3arny6/eHHbIH TpaHINEHHBIH pe3epByap eMKO-
croio 5000 3.

INonseMHble pesepByaphl HepeNKo NEJAIOT KeJe300eTOHHBIMH.

[as kopnyca u JHHIla BePTHKaJbHbIX pe3epByapoB €MKOCTbIO IO
5000 3, BO3BONMMEHX B pailoHax ¢ pacueTHoH TeMmnepaTypoii muuyc 20°C,
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Puc. 3.1. CxeMa ycTpoiicTBa OCHOBAHHSI TMOJ BEPTHKAIbHBIH LUJIMHADH-
4yecKHH pe3epByap

1 — HacpiNHOH FPYHT; 2 — NecyaHas MOAYWIKA; 3 — H3OASLHOHHBIN caofi M3 cymecya-
HOTO TPYHTa, CMEWAHHOTO C YHIAKHM OHTYMOM HJH KaMEHHOYrOJbHbIM [AErTem;
JHaMeTp MOAYLIKH Dn nonxeH OeiThb Ha 1,4 M GoJblle nMaMeTpa AHHIIA peaep-

Byapa DJ!H; BbICOTA KOHyca b cocTaBisieT Y AHAMETpPAa AHHLIA 1I JAOCTHraer
610 #m nas pesepByapa eMKOCTBIO 50 Thic. a3

, Cmanvriod
Dawmar

N [ Puc. 32. TopusoHTajBHBIl pe3epByap eM-
KocTblo 100 #% ¢ UMWIMHOpHYECKHMH AHU-
L1aMM Ha CTOEYHHIX ONopax

1
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MOJKHO TPHMEHSITh MapTEHOBCKYIO MOJYCIOKOiHYyI0 cTanp mapku BMCr.3nc
no TOCT 380—60%*.

Jins Kopryca M AHMINA TAKHX K€ Pe3epByapoB, COOPYKaeMBIX B pano-
Hax c pacueTHO# TeMmmnepatypoii muHyc 30°C, cieiyer npumeHsTb MapTe-
HOBCKYIO CIOKO#HYI0 cTtanp mapku BMCr.3cn mo T'OCT 380—60* ¢ momos-
HUTEJBHBIMH TapaHTHAMH 3aru6a B XOJOZHOM COCTOSIHUM M yNApHOH B3
KocTH npu Temnepatype munyc 20°C.

Jins paiioHOB ¢ pacueTHOil Temnepartypoi or —30° no —40°C kopmyc
M [HHIe JOJXKHBE H3TOTOBJSATbCS H3 MapTeHOBCKOH CMOKOMHOH CTajd Mo
UMTY 5232—55 yaydilleHHOro pacKHCJEHHsl ¢ rapantheil ynapHOH BfI3KO-
ctu npu temmepatype —40°C. g1l HecylMX KOHCTPYKUHH MOKDBHITHS, Ha-
CTHJIa KPOBJIH, HeHTPaJbHOH CTOHKH, JECTHHL, W MePHJ [OMyCKaercsd MPH-
MeHeHHe KHMsiiell MapTeHoBcKoil crann mapku BMCr.3xn (TOCT 380—60%).

Hans pesepsyapoB emkocTbio 10 Teic. #° M GoJlee, COOPYKAeMbIX B pai-
OHax c pacyeTHoi Temmnepatypoit fo —20°C, mosica Kopmyca, KOJblla XecT-
KOCTH W JHHIe Buinoausiiorca ua craiu BMCrt.3cn (I'OCT 380—60%) c no-
MOJHUTEJABHBIMHE FapaHTHAMH 3aru6a B XOJOZHOM COCTOSIHHM H yAapHOH
BA3KOCTH npu TeMnepatype —20° C.

Jlnst paiioroB ¢ pacuertHoii Temmeparypoit no —40°C Bce mosica TOJ-
WHHOH 5—12 MM MOryT GHITb M3TOTOBJEHBI K3 craiu mo UMTY 5232—55,
a HHXXHMe nosica — U3 Huskojeruposanroil craau 09T2C (FOCT 5058—65)
¢ rapaHTHejl yaapHoii Bsiskoct npu TemmepaTtype —40°C. CoenuHenus
JIHCTOB TOJOTHHIL KOPMyca M IHHUINA JOJIKHLI BBINOJAHATBECA B 33aBOJICKHX
YCJIOBHSIX aBTOMATHYECKOH JIBYCTOPOHHEH CBapkO# MOZ cloeM (iioca, MOH-
Ta)KHasi pyyHas CBapka [HHINA H KOpIyca — dJekTpopamu D42A, HH3KO-
JIeTHPOBAEHOH CTaJ — 3Jektporamu I50A, cOoeqMHEHHs! 3/1€MEHTOB KPOB-
JI, JIECTHHIL M OrparkKIeHu# — sjeKkTpogamu J42.

CraHfapTHble JHCTH pe3epBYapHOH cTaim HMeloT pasmep 6000X
X 1500 mm npu Toawmmue 4 mm ¥ Bbie. HacTwi KpoB/iM MPOEKTHPYIOT U3
auctoB pasmepom 2500X 1250 mm, TomumbO# 2,5 mam.

O60710uKy pe3epBYapoB TPAHIUEHHOrO THMA 1S paiiOHOB C paCyeTHOH
temnepatypoii 1o —20° C ciexyer mpoektHpoBaTs u3 craaum BMCr.3cnm no
TOCT 380-—60* ¢ monmoJHHTeNLHBIMHM IapaHTHSAMH 3aru6a B XOJOXHOM CO-
CTOSIHMM H YIapHOi BSISKOCTH npu TeMmmnepatype muuyc 20°C, a mas paiio-
HOB ¢ OoJlee HM3KMMH DACUETHBIMHM TeMIlepaTypaMH — H3 MapTEeHOBCKOM
CMOKOHHOH CTaju yaydineHHOro packucaenus no UMTY 5232—55 c rapan-
THell yhapHOH BaskocTH npu Temneparype —40°C.

BuiGop THnma pesepByapa 3aBHCHT OT (H3HYECKHX CBOHCTB XpaHHMON
JKHIKOCTH, €MKOCTH pesepByapa, yCJOBHH 3KCIIyaTaunu (YacToThl CJIH-
Ba — HaJMBa, YNPYFOCTH MapoB NPOAYKTa) H KJIHMATHYECKHX YCJIOBHIL.

Jlns XpaHeHMsl CHIpOi HedTH ¢ HH3KMM MOTeHUHaoM OeH3uHa, OTGeH-
3MHEeHHOll He(dTH, KEPOCHHA, AH3eJbHOIO TOIIMBA, MasyTa M TEMHBIX HedTe-
NPOLYKTOB MNPHMEHSIOT THIOBbie BepPTHKa/bHble LHWJIHHAPHYECKHE pe3epBY-
apol eMKoctbio 400—20000 #%, paccuMTaHHble Ha JaBJieHHe B TIa30BOM
Apoctparcte 10 200 mm 600. ¢T., WIM TMoA3eMHble pesepByapel. [last xpa-
HeHNsi GeH3MHa ¥ ChIpOHl HedTH ¢ BBICOKHM NOTeHUHasoM GeH3MHa mpuMe-
HSIOT pe3epByaphl MOBBLILIEHHOTO [aBJIEHHsl PasHbIX KOHCTPYKUMil, BepTH-
KaJbHHeE pesepByapsl ¢ MJaBalomed Kpbllleld MM C MOHTOHOM M CTalHOHap-
HOM KpOBJeil; pe3epByapel HH3KOrO [aBJeHHs, BKIIOUEHHble B IasoypaBHH-
TeJBHYI0 CHCTEMY C Mapoc6OpHMKaMH, M pesepByapel MNOBLIIIEHHOTO
NaBJieHnsi, 0GbeIHHEHHbe B Ia30ypaBHHTEJBHOI CHCTeMe ¢ NapocOOpHHKA-
MH HIH 0e3 HHX.

Pruc. 3.3. Waposoii pesepByap eMKocTslo 600 43 Ha CTOEUHBIX ONMOpax
I — y3en RAHXaTeNbHONi apMaTyphl; 2 — NONJABKOBHI TOKa3aTedb YPOBHs; 3 — LLIIO30Bas KaMmepa mJsA

3aMepa YPOBH#, TEMIEPATYPhl CKHKEHHOro rasa H ot6opa npo6; 4 — CHCTPOAEHCTBYWOIAs 3aJBHKKA;
5 — npueMHH# H pa3fiatouHBIH naTpyOKH; 6 — ApeHaxHBIY KpaH
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Puc. 34. Tpanmefineid pesepByap emroctsio 5000 43 ¢ OrpaKAaolEMH CTEHKAMH B BHIE
CTaJbHOA OOCOJNOYKH H CTaNbEBIMHM HeCyIHMH (GepMaMH NOKPBITHS
Q — NPOAOJIbHELT pa3pes; 6 —nonepeyHblHi pa3pes; 8 — pa3BepTka OGOJNOUKH C NonepeyHbiM PACKPOEM

NOJIOTHHLY; 1 — TOPIOBOe MOJOTHHMILE; 2, 3— MONepeyHble MOJNCTHMINA; 4, 5 — MOJOTHHLLA OpH (POJCTIb-
HOM pacKpoe 060JIOUKH
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TpeGoBanus MaKCHMaJBHOTO COKpalleHHs noTepb OeH3HHa MNpH Xpa-
HEHHH BCTYNalOT B NPOTHBOpeuHe ¢ TpeOOBaHHfAIMH CHIXKEHHS CTOHMOCTH
H MeTaJIOEMKOCTH pe3epByapoB.

BoiGop ONTHMAaJBHOTO pelleHHs onpefensieTcsl KOMIJIEKCHBIM TEXHHKO-
IKOHOMHMYECKHM HCCJeL0BaHHEM, YYHTHIBAIOIIHM HeOOXOAHMOCTh KaK yMeHb-
IIEHHSl MOTepPhb TOPIOYEro, TAK M CHHXKEHHs] CTOHMOCTH COOpPY2KEHHs] M 3KC-
njyatauuy pe3epByapoB.

AMOpTH3aUMOHHBIE OTYHCJEHHSl ONpelesloT HCXOAA H3 HOMHHAJBHOTO
cpoKa ciyXObl CTaJbHBIX pe3epByapoB AJs He(TH, HedTenpOLYKTOB H
BHYTpHNIAPKOBLIX KoMMyHHKanmii 30 seT. 3a mocienHune roasl paspaboTana
o6ulas MeTOAMKAa OIpeleseHHs] ONTHMAaJbHBEIX CHCTEM pe3epByapoB AJsl
XpaneHMsi JerkoHcnapsiomunxcs HedpTenponykros. IIpn aTOoM yyHTHIBaIOTCS
CPOK OKYIaeMOCTH IOMOJHHTEJNbHLIX KaMHTaJbHBIX 3aTpaT, pacxojl MeTaJ-
jia, MHAYCTPHAJBHOCTE H3IOTOBJIGHHA H MOHTaxa, a TaKXKe HAJCKHOCTb-
JKCIIyaTalluH pe3epByapos.

[IpoBeneHHBle HCCeIOBAaHUS MO3BOJIMJH IaTh PeKOMEHIAUMH MO Ompe-
IeJIeHHI0 pailloHaNbHOi 06JacTd NpHMeHeHHs B pas/JMYHBIX KJHMaTHyec--
KHX H 3KCILIYaTailMOHHBIX YCJOBHSX H OCHOBHBEIX TapaMeTPOB CYNIECTBYIOLHX
i HOBBHIX 3((QEKTHBHEIX CHCTEM H KOHCTPYKUHI pesepByapoB IJs Xpa-
HEHHS JIeTKOHCTapsIoIuXcs HeTelpOLYKTOB B BHe HHCTPYKuui [26].

BrisiBNeHBl cienylolye 3aKOHOMEpHOCTH AJf BCeX KMIHMMaTHYeCKHX 30H:

1. BeiGop onTHMaJBbHOH CHCTEMBI 3aBHCHT OT €MKOCTH pe3epByapos.
C yBennueHHeM oGbeMa pe3epByapa MepPONPHSITHS N[O MOBBILIEHHIO BHYT-
pEeHHEro AaBJieHHs CTAHOBATCH MeHee 3(PGheKTHBHBIMH H ONTHMAaljbHas Be-
JUYHMHA HM36LITOYHOrO NaBJEHHs CHHXKaeTcsl, 8 3JKOHOMHYHOCTb KOHCTPYKUHM:
nepeMeHHOTO o0beMa BO3pacTaerT.

2. ITo Mepe BospacTanys romgoBoil 06OpayMBaeMOCTH XPaHHMOTO NpO--
IyKTa, BCJIEICTBHE YBeJHYEHHs NOTepb OT HCMapeHHs, yBeJIHYHBACTCS ONTH-
MaJibHoe BHyTpeHHee LaBJeHHe B pesepByapax H 0o6beM MNapOCOOPHHKOB.

3. Huais Gojee apKHUX KIHMaTHYECKHX 30H M NPH YBeJIMYEHHH aMIJIH-
Tyabl KojeGaHMi TeMmepaTyphl Mepel, 3HAYHTEJNBHO COKpallawinle MOTepH
¥ CBA3aHHbie C yBeJMYEHHeM KaMHTANbHBEIX 3aTpaT, 3¢d¢ekTHBHE B Oosee:
[IFPOKOM [QHAMa30He HCXOAHBIX SKCITYaTalHOHHBIX YCJOBHIL.

4. Ilpu ompenmefieHHBEIX 3KCMJIYaTallHOHHBIX  YCAOBHSIX 3KOHOMHYECKH
3¢ ¢eKTHBHB! CJefyIollle BAPHAHTbHI rasoypaBHHTeJbHBIX CHCTEM pe3epBya--
POB MOBBILIEHHOTO AaBJEHHU:

a) rasoypaBHHTeJbHas CHCTeMa H3 De3epByapOB MOBBILIEHHOTO LaBJje-
Hus1 6e3 napocOOPHHKOB;

6) cucreMa ¢ napocGOpPHHKaMH MOCTOSTHHOIO O0beMa IOBLIUIEHHOTO
IaBJieHHsl, PaBHOro H30BITOUHOMY AaBJeHHIO B pe3epByapax;

B) cHcTeMa ¢ mapocGOpPHHKaMH TepeMeHHOro obbeMa HH3KOIro AaBJe-
Hus (zmo 400 mm 800. cT.).

5. Hu ogna W3 cucTeM M KOHCTPYKUMI pesepByapoB, oOecneuyHBalolIiX
COKpaluleHHe MoTepb OeH3WHA M CHIPOH HedTH NPH XpPaHEeHHH, He SIBJISIETCS
vHHBepcaspHOM, Kaxkpafi u3 HHX HMeeT panHOHaJbHYIO 06GJacTb NpH-
MeHeHHs, B 3aBHCHMOCTH OT KJUMAaTHYeCKHX H 3KCIJIyaTalHOHHBIX YcC-
JIOBHH.

Takum 00pazoM, OKa3blBaeTCs BO3MOXKHBEIM ONpeNeJHTh ONTHMAJbHOE
H3GBITOYHOE HaBjieHWe B pe3epByapax M COOTBETCTBYIOILYIO HaHboJiee 3KO-
HOMHYHYI0 KOHCTPYKLHIO pesepByapa, a Takxke o0beM H /[aBjieHHE B Ta-
pocGOpPHHKaX Pa3jH4YHbIX THIIOB.

B of6nacTy MHAYCTPHANH3aLHUM CTPOHTENbCTBA BEPTHKAJBHBIX IHJIHMHI-
PHYECKHX pe3epByapoB 3a NOCAe[HHe Iofbl NOCTHTHYTHl 3HAUHTeJbHbBie yC-
nexu. Jlo HelaBHero BpeMeHH Takue pe3epByaphi, BBHAY HX 3HAUHTEJbHbBIX
pasMepoB, coOHpaau B3 GOJBLIOTO KOJHYeCcTBa OTHEJNbHBIX JIHCTOB H CBa-
pHBaJ¥ BPYYHYIO Ha CTPOMTEJBHOMN MJIOINAAKe NOJ OTKPHTHIM Hebom. ['pym--
na yyeHblX W HHKeHepoB Bo ryiase c ['. B. PaeBckum B 19568 r. ymoctoena
JleHwHCKON mpeMuu 3a pa3paGoTKy W BHeApPeHHEe BBICOKOMHIYCTPHAJILHOIC
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MeTOLa CTPOMTENbCTBA BePTHKAJBHBIX CTAJbHBIX pesepByapos. Ilo stomy
MeTOy Ha 3aBOAAX H3rOTOBJAIOT NJOCKHE JIHCTOBBIE NOJOTHHINA KOPMYCOB
¥ IHHIL, KOTOPHIE CBOPAyMBaOT B rabapuTHBEE pYyJOHH BecoM Ao 60 T,
nuametpom 10 3,25 m, UYTO HesnaerT BO3MOXKHOH Hx mepeBo3ky. Ilpu stom
cO0pKa MexXaHHM3HDyeTCs, pYyuHas CBapKa 3aMeHsercs aBTOMAaTHYECKOH,
a4 TPOHM3BOACTBO OPraHH3YeTCs MO LHKJIMYHOH CHCTEME, YTO B HeCKOJbKO
pa3 ymeHbLIaeT TPYLOEMKOCTb H MPOMOJKHTENIBHOCTE MOHTaXKHBIX pa-
60T, CHHXKaeT CTOHMOCTb BO3BeleHHs pe3epBYyapoOB H MNOBHILAET HX Ka-
YeCTBO.

Pa3puTtHe pesepByapoCTPOEHHsi HOET MO CJAEAYIOIHM HalpaBIeHHsIM:

1. PaspaGotka THNOBHIX BePTHKaJbHBIX HHJIMHIPHUYECKHX Pe3epByapoB
¢ naasawoniell kpobimel emkocteio 10, 20, 30, 40, 50, 80 u 100 TeIC. M3 AAA
CHIpo¥ HedTH N GeH3HHA, OCBOEHHE HX H3TOTOBJIEHHS, MOHTaXka M 3KCILIya-
TaLHH.

2. Paspa6oTKa THIOBBIX BEPTHKAJBHBIX LIINHIPHYECKHX pe3epByapoB
eMmkoctpio 3000, 5000 u 10000 #® ¢ naBieHneM B MapOBO3LYUIHOM INPOCT-
panctBe 0,1—0,2 x[/cm?, umemomux chepoOUIaNbHYI0 KPOBJIK H MJOC-
KOe IHHIEe ¢ aHKePHBIMH KpelJIeHHsIMH pesepByapa K (YHIaMeHTHBHIM
MJTHTAM.

3. JKcnepHUMeHTaJbHOE TNPOEKTHPOBAaHHE W CTPOHTEJBCTBO BePTHKAJb-
HEIX [HJANHIPHYECKHX pe3epByapoB ¢ LIATPOBOM BHcSAYeHd KPOBJEH €MKO-
creio 10 u 20 Thic. M2 Cc HaBJeHMeM B MApPOBO3LYINHOM MPOCTPAHCTBe IO
50 mm 800. cT.

4. CosgaHne KOHCTPYKUMII BePTHKANbHBIX LHIHHAPHYECKHX pesepBya-
‘poB emkocTbio 20, 30, 40, 50 TeiC. #® C HMXXKHMMH MOSICAMH, YCHJEHHHMHE
IyTeM HaBHBKH BBICOKOIIDOYHOH MpPOBOJOKH ¢ MpelBapHTeNIbHBIM HAaTs-
KEeHHeM.

5. MayueHHe BOMPOCOB YCTOHYHBOCTH MpeIBAPHUTENBHO HalpsKeHHBIX
‘pe3epByapoB H pe3epByapoB € KOPMYCOM HePeMeHHOM TOJIIMHEL.

6. DKcnepHMeHTaNbHOe NPOEKTHPOBAHKE M CTPOHUTENBCTBO TOPH3OHTAJb-
HBEIX Ha3eMHBIX LHJIHHIPHYECKHX De3ePBYapoB KalJIeBHIHOTO CeueHHs C M-
JMHEAPHYECKHMH IHHINAMH eMKocTbio 4500—12000 #% ¢ namieHueM B ma-
poBoszymHoM npoctpasctBe 0,3—0,5 xI'fcm?.

7. DKcrniepuMeHTabHOE NPOEKTHPOBAHKE M CTPOMTENBCTBO TOPH3GHTAJb-
HBIX HaJ3eMHBIX H 3arJayOJleHHbIX IHJINHIPHYECKHX pe3epBYapoOB KPYroBOro
ceyennsi emkocteio 150, 200, 250, 300, 350 »#® ¢ maBjeHneM B MapOBO3LYLI-
HoM npocTpaHctBe mo 20 xl'fem?.

8. CoBepuleHCTBOBaHNE KOHCTPYKUMI 3arayG/eHHbIX TpPaHUICHHHIX pe-
3epByapoB emkocTeio 1000, 2000, 5000 u 10 000 3.

9. IlpuMeHeHHe ra3oypaBHUTENbHBIX CHCTEM Pe3ePBYapOB MOBHINEHHOTO
IaBJjieHHs1 6e3 mapocOOPHHKOB, C MapoCOOPHHKAaMH MOCTOSIHHOrO ofbeMa
NOBEBIIIEHHOTO [aBJeHHS H C NapocOOpHHKaMH MepeMeHHOro o0beMa HHS3-
KOTO JaBJEHHS.

10. 3nayuTesbHoe paciuMpeHHe NPHUMEHEHMs cTalleaIOMHHHEBHX Bep-
THKAJbHbIX [HJIWHAPHYECKHX PEe3epBYyapoB IJis XpaHeHHs CePHHUCTON HedTH
¥ €€ MPOU3BOJHBIX. .

11. IlpuMeHeHne BBICOKONPOYHBIX CTaJjeil B 11apOBEIX pe3epByapax
BBICOKOTO [@BJIEHHS! ¥ B HM2KHEH YacTH KOpPIyCa BepTHKaJbHBIX IHIHHIPH-
UYeCKHX pesepByapoB OoJbioro obwema (30000—100000 x3).

12. CoBeplueHCTBOBaHHE KOHCTPYKUHI H30TEPMHYECKHX pe3epBYapoB.

§ 2. KOHCTPYKHHH PA3JIMYHBIX THNOB BEPTHKAJIbHBIX
HHIUHOPUYECKHX PE3EPBYAPOB

BepTHKaabHEl HWIHHAPHUECKHI pe3epByap COCTOHT M3 CJAELYIOLIMX OC-
HOBHBIX 3JIeMEHTOB: JHHINA, Kopnyca u nokpuitis. IloxpwiTHe onmpaercs
an6o ToJpko Ha Kopmyc (puc. 3.5), ambo, KpoMe TOro, Ha LEHTPAJLHYIO
cToiiky (puc. 3.6). [las BOCHpHATHS BeTPOBOi HArPy3KH KOPIyC YCHJHBA-
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Puc. 3.5. BepTukalpHHIA LH-

JINHJPUYECKHH pe3epByap eM-

kocteio 10000 #% 6e3 LeHT-

panbHOl CTOMKH co cdepHue-
cKOfl KposJef

8
= @ — pepTHKanpHBIft paspes; 6 —
nHHIE C CEerMeHTHBIMH OKpaiika-
; MH; [ — MOHTaXXHble CTBIKH OK-
1 paitkoB; 2 — CTBIK Kopryca:
T 3 — MOHTaxHhble CTBIKH MNOJIOTHHLY
AHHILA
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Puc. 3.6. BepTHKaJIbHBIA LUJHHIPHYECKHH pesepByap €MKOCTBIO
5000 #3 ¢ LeHTPajbHOl CTOMKOR ¥ IHTOBLIM NOKPBITHEM
1 — yenTpaibHas CTOMKa; 2 — yIaXTHa® JeCTHHIA
5—1635



10T ONHUM KOJIbLOM 2KeCTKOCTH NpH eMkocTH m0 5000 #3 M HeCKOABKHMH
KoJbuaMu npu 60MbmIHX o6bemMax pesepByapa.

Ha pesepeyape ycTaHaBIHBAaOT COOTBETCTBYIOIIEE TeXHOJOTHYECKOEe
o6opynosanue (puc. 3.7), JeCTHHIY H OrparkaeHHe KPOBJH. BepTHKaJbHbL
pesepByap MOKOHTCS Ha MeCYaHoil MoAyiKe, NOKPHITON ruaApodoGHBEIM CJO-
eM. YKJOH JHHILA OT LeHTPa K Mepudepuu, pasHbii 2%, ycTaHaBIHBaercs
711 CTOK2 ¥ BO3MOXHOCTH yIajleHHs MOATOBApHON BOABI M OTCTOS.

Ilo XOpOTKNM W IJHHHBIM CTOPOHAM JIHMCTHl CJeAYeT COeIMHSITH BCTHIK.
STO yMeHbLIAaeT PacXOi 3JEKTPOLHO! NMPOBOJOKH M YMPOULAeT KOHTPOJb
NJIOTHOCTH IIIBOB.
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Puc. 3.7. PasmenieHne 0GOpYNOBaHHS Ha pe3epByape eMKO-
creio 5000 2

a — dacapn pezepByapa; 6 — nyaH kpuuun; I — cBeTOBOit JIOK, 2 — Jas;
3 — saMepHBlll JIIOK; 4 —OpHGOp HJsi 3aMepa YPOBH#; § — CHHIKEHHBIH
npoGOOTGOPHHUK; 6 — BEHTHIALMOHHLI naTpy6oK; 7 — NpefoXpaHHTeNb-
HBlfl KiaanaH; 8 — AblXaTeNbHBIH KianaH; 9 — OrHeBoil NMpexoXpaHHTeNb;
10 — naTpyOKH H yCHJIHBAMOU{He KoJblla; I! — npHeMo-pa3faTouHkiit na-
TPYGOK; I2 — nepenyckHoe ycTpolcTeo; /3 — xJonyluka; 14— ynpasie-
HHe XJonylukoit (Gokorsoe); I5 — noawbemHas Tpyba C IUAPHHPOM, PO~
JUKOBBIM OsioKoM, pyuHoft neGexakoit; 16 — cudoHHLI KpaH; 7 — neHo-
c/HBHas kKamepa; [8-—naTpyGoK AJs1 BKJAKYEHHs peilepByapa B raso-
YDaBHHTEJNBLHYIO CHCTEMY

OcHOBHBIE naHHBle O THIIOBBIX BEPTHKAJbHBIX pe3epByapax C LIHTOBOIl
KPOBJIell H PYJOHHBIMH KOPIyCOM H AHyleM npuBeleHb! B Ta6u. 3.1

LlentpaneHas croiika B pesepByapax emxkocteio 1000, 2000, 3000 u
5000 »* BbIMONHSIETCS] KOJIBLEBOTO cedyeHHsi (TpyGuaToii), a B pesepByapax
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emkoctbio 300, 400 n 700 3 — pemeryatoii. B pesepByapax emkoctoio 100
n 200 »® peHTpanpHasi crofika oTcyTcTByeT. DaKTHuyecKasi eMKOCTb pesep-
Byapa onpefessieTcsi N0 BHYTPEHHEMY IHAMeTPy HHKHErO rnosica B BBICOTE
KOpryca OT NOBePXHOCTH AHHINA A0 OOyIIKa BepPXHero OGBSI30YHOrO YyroJika
(puc. 3.8). C yBennuennem oGbeMa pesepByapa pacxol crtaiu Ha 1 m® em-
KOCTH yMeHbInaeTcs (taba. 3.1).

Ta6anuua 34

$8 s ¢ 5 | a8 2 L% | 2
EFe ez | 2 2812 |EF g o f
sex x5 & SZ3 1) g I3 B € a2y %
CL§ 3 § g E‘ %: g @ : = 5 § g H= g o e : -
= = @ o @ = o [ o
=88 82 | Ha | B¥S | @mam |ER2E| F| F& ce s | &
PBC-5000, | 4832 | 2291022790 | 11 845 570 8 25 10; 8; 7; 6; {90256 | 18,7
7-02-95 55, 5, 5
PBC-3000, | 3340 | 19100/ 18980 | 11825] 475 8 19 8 7, 6; 5; {63081 | 18,8
7-02-96 5; 4; 4; 5;
PBC-2000, | 2135 | 1530015180 | 11805| 380 8 15 7; 6; 5; 4; 142961 | 20,1
7-02-97 4 4 4 4
PBC-1000, | 1056 | 12430112330 8845 308 6 13 5; 4; 4; 25047 | 23,8
7-02-98 4 4; 4
PBC-700, 757 | 10530110430 8845] 261 6 11 4; 4; 4; 18383 | 24,3
7-02-99 4 4 4
PBC-400, 421 8630 8530 7375| 213 5 8 4; 4; 4 12712 | 30,2
7-02-100 44
PBC-300, 332 7680| 7580 7375{ 190 5 5 4; 4; 4 11209 | 33,5
7-02-101 44
PBC-200, 204 6730 6630 59020 166 4 2 4 4, 4; 4 7353 | 36
7-02-102
PBC-100, 104 | 4830 4730 5920 118 4 2 4 4 4 4 4906 | 47,2
7-02-103

MonTaxHBlIil BEePTHKAJBHBIl CTBIK Pas3BepHYTOr0 MOAOTHHMINA KOpMyca
MOXKeT ObITb HaXJeCTOYHBIM C ABYCTOPOHHell CBapKo# CINIOWIHBIMH [IBa-
MH (BeawumHa HaxJecTKH 70—80 mMmM) WM CTHIKOBBIM.

Has oGecrneyeHHsl IJIOTHOFO NpHJEraHHs KPOMKH pYJOHa Kopiyca B
MOHTAXKHOM CTbIKEé KOHIleBhHie YYaCTKH HaXJeCTOUYHBIX COEIMHEHHH IHHINA
nepeBOASITCA Ha CoeJHHEeHHe BCTHIK Ha nopknaanke (puc. 3.9).

Ha puc. 3.10 mokasaHa KOHCTPYKLHs MOJIOTHHIA KOPIyca pe3epByapa
eMKocTeI0 5000 8.

B parionax co ckopoctneiM Hanopom Berpa 30 x['/m2 xopmyc pesep-
Byapa eMKOCTbIO He cBbinle 5000 #® He TpeGyer ycunenus. JJs paiioHOB co
CKOPOCTHBIM Hamopom Betpa 55 m 100 xkI'/m? Kopmyc pe3epByapoB eMKO-
crero 2000, 3000 1 5000 #® ycunmBaercst Kosmplom 2KecTkoct. Kopmyc pe-
sepeyapa o6bemom 1000 3 nmonkpensieTcss KOJbLOM 2KeCTKOCTH NPH BeTPO-
BoM Hanope 100 xI'/x2, KoJbLo XKeCTKOCTH NPHBapHBAETCs K MATOMY MOSICY
(#a BbicoTe 696D MM OT nHHINA) pe3sepByapoB BMecTHMOCThIO 2000, 3000 u
5000 »#® u k yeTBepTOMYy mosicy (Ha BeicoTe 543D MM) pesepByapa eMKOCTBIO
1000 #3. KoJbLo XeCTKOCTH OGBLIYHO BBIMOJHSIOT M3 LIBeJJIepa MOJKaMM
BHH3, M30THYTOTO B INIOCKOCTH CT€HKH H HOLKPEIUJIEHHOTO BePTHKAaJbHBIMH
pebpamu c warom 2 M. JlaHHbIe O KOJbIAX KeCTKOCTH [JIs1 THMOBBIX pesep-
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Ta6aunma 3.2

Mapka CederMe KOJbIlA XKECTKOCTH Bec koabl@ B K2 Hnuea B :‘u :&“Ta"‘““x
pe3epByapa ’
,',‘,,,’f,‘,’:;ﬁg [pH CKOpOCTHOM Harnope B2t1pa B KI'/#*
NpoeKTa
55 0w | s w | s 100
PBC-5000, [ 24 [ 33 2171 2926 82 92
7-02-95
PBC-3000, [ 20 [ 27 1515 2086 71 79
7-02-96
PBC-2000, [18 [ 22 1069 1345 64 !
7-02-97
PBC-1000, — [18 — 887 — 44
7-02-98
{

Byapos o6bemom 10 5000 #3 npuBeneHwl B Taba. 3.2. B pesepByapax emKo-

ctei0 700 M® ¥ MeHee MPOMEKYTOYHOE KOJBIO KECTKOCTH He TpeGyercs.
BepxHsisi wacTh Kopnyca pesepByapa co LIHTOBOH KPOBJIEH yCHIHBAeTCs

YIOJIKOBBIMH CTOMKaMH, YHCJIO KOTOPHIX Ha eNMHHIy MeHblle 4Hc/aa ILHTOB

a) &)

Puc. 3.8. KoHcTpykuus co-
NpSXKeHHs] KOPIyca ¢ AHH-
umem (a) u c BepXHUM 0O-
BSI3OYHBEIM YroJkom (6)
! — kopnyc; 2 — nHHwWeE; 3—
ABYCTOPOHHHI CIHJIOLIHOM yr-
nosoit rios; 4 — BepxHHHt 06-
BA30YHBIH YroJIOK; &5 — BHYT-
DEHHHt 1pepHIBHCTHIR IUOB;

§ — HapyXHBIR cnJiouIHOH UIOB

i 7

Puc. 3.9. [leperon HaxJe-
€TOYHOro CcoedHHeHHsA Ha
CTHKOBOE B OKpakKax
JHHIIEA
1 — npcTel OKpaiikoB; 2 — Ha-
XAeCTOYHBIH YYacTOK coellHHe-
HME OKpaiikoB; 3 — MouKaan-
Ka; 4 — cThiKOBO#t  y4yacTOK
CONpsiKEHHUs OKpaltkoB; 5 —
KOpIyC pesepByapa
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(ta6a. 3.1). OcHOBHasi yYacTb AHHINA (MOJOTHHILE)
co6upaercsi u3 JAucTOB pasmepom 6000X 1500 ma
HJIM M3 PYJOHHOH ropsiuekartaHoit cramu no FOCT
8597—57 mupunoit 1500 mu. Kpaiiaue aucTol (OK-
paiiku) cOCTaBJfAIOT MepHpepHHHYI0 YacTb MHHINA.
Oxpaiikn pesepByapoB emkoctsio 2000, 3000 u
5000 »3 ToJie JHCTOB CpelHei YacTu IHMILA, a pe-
3epByapoB MeHblUIell eMKOCTH HMeIOT OLMHAKOBYIO C
HIMH TOJMHY. B MecTe onMpaHHs Kopnyca pesep-
Byapa MOBepXHOCTb OKPalKOB NOJKHa ObITb IJIaf-
KOH. DTO HOCTHraeTcsl CBapKOH OKPaiKOB BCTHIK HITH
BBIPE3KOH OKpaiKoB, KOTOPHe y Kpas IHHIINE CBa-
pHMBAIOT BCTHIK Ha CHelHAJBHOH MOmKMajake (pHc.
39). .
Paccrosiiie OT Kpasi AHHINA A0 CTHKOB OKpaii-
KOB ¢ JINCTAMH MOJIOTHHINA JOMXKHO OHITb He MeHee
1000 mm. CTHIKE HHXKHETrO NOsica KOPIyca M CTHIKH
oxpafiKoB JHHMIA CJAeAyeT CMelaTh 1o KpaliHeil Me-
pe Ha 200 mm. JIMCTH NOJOTHHILA AHHINE COERH-
HSIIOT BHAXJIECTKY HJIH BCTHIK.

JIHHIlle KPYNHBIX pe3epByapoB COCTOUT H3 ABYX
1 GoJiee MOHTaXHBIX 3JeMeHTOB (puc. 3.10), coenn-
HsieMBIX BHAXJIECTKY C Nepekpblukoid 950—60 ma.

[IpaBuia H3rOTOBJEHHsl, MOHTAaXKa H NPHEMKH
metanaokoucTpykuuii (CHuIl [1I-B.5-62) mony-
CKalOT MOHTa»X THHIL TaK2ke H3 OTHEJbHBIX JIUCTOB,
coGHpaeMBIX H CBapHBaeMbIX Ha MECYaHOM OCHOBa-
HUHM BHAXJIECTKY C OAHOI CTOPOHBI, @ B MecTax OMnH-
paHus Kopmyca — BCTHIK Ha-nojknazgke. Ilokpoithe
BHINONHAIOT KOHHYeCKHM ¢ YKJOHOM 1 : 20 uim mo-
JIOTHM chepHuecKuM.

BBuzy TpymoOeMKOCTH H3TOTOBJIEHHS M MOHTa-
2Ka KOHMYECKO# KpHIIIH, HecyuHe KOHCTPYKUHH KO-
TOPOH COCTOAT M3 ¢pepM, MNPOTOHOB, padHalbHbIX
6asIoK u cBsizeil, paspaboTana M npHMeHsIeTCS KPOB-
as, cobupaemMasi U3 KPYMHOpPasMepHHIX IIHTOB 3a-
BOACKOTO H3TOTOBJIEHHS, NPeACTaBJSIIIMNX cO6oi



KapKac W3 NPOKATHBIX ABYTABPOB H ILUBEJIEPOB, K KOTOPOMY NpHBapeH
JMCTOBO#I HacTua Toaummuoi 2,5 mm (puc. 3.11). K kpHBoinHe#HOMY Kpaio
IIMTa [JIS YCKOPEHHs MOHTaxa MPHBApHBAIOT ClelHajbHble TJIaHKH
(puc. 3.11, merans A). IlpuMeHeHHe IIHMTOBOH KpPOBJM MO3BOJAET 3HAYH-
TeJBHO YMEHBIIHTE YHCJI0 MOHT@XKHBIX 3JEMEHTOB 10 CPABHEHHIO C KPOBJIeH
13 QepM, NPOTOHOB, paAHaIbHEIX GallOK H CBfi3ell H YCKOPHTh MOHTaxX. Tak,
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Puc. 3.10. TMonorruie kopnyca PBC-5000, moctaBasieMoe Ha MOH-
TaXKHYI0 IUIOIANKY OJHHM pyJoHOM (@), H JHHLIE, NOCTABJsEeMOe
B BHAE ABYX MOHTAXHBIX 3J€MEHTOB B OXHOM pyJoue (6)

KapKacHas KpOBJs pesepByapa emkoctbio 5000 »#® (mpoekr Ne 7-02-09)
cobupaercs u3 300 snemenToB ((epmbl, MPOrOHbI, paaHasbHbie GaJKH, CBSI-
3W, JIHCTOBOM HACTHJ), a LIMTOBas KPOBJS TaKoro pesepByapa —mus 26
MOHTAXKHBIX eIHHHH (IMUTH B UeHTpajbHas  croiika). Ha puc. 3.12 mpuse-
JleHa cXeMa IIHTOBOH KPOBJM pesepByapa eMKocTbio 5000 x3. Uucno mpuToB
KpOBJM yKa3aHo B Ta6u. 3.1. IlluToBas KpoBis THNOBHX pesepByapos PBC
5000, 3000 u 2000 3 paccunrana Ha Harpysky 100 u 150 x/'/n? a pesepBy-
apos PBC 1000, 700, 400, 300, 200 u 100 #° — na narpysky 150«I/m2

B cepemyHe pesepByapa IIHTH ONHMPAIOTCs Ha OTOJNOBOK LEHTPAJTbHOM
crofiku (cMm. puc. 3.6). Jlis pesepsyapos oGbemom ot 1000 mo 5000 »* mnc-
nomp3yioTcs TpyGuaThie cTOiKH ceueHHsiMH 6308, 900X6 u 1020X6 ma.
Ilns npemoTspauieHHs OTPbiBa CTOMKH OT IHHIUA €e 3alOJHAIT IMECKOM.
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Puc. 3.11. IIluT KpoBJH BepTHKAJBHOTO LWJIMHIPHUYECKOrO pesepByapa €MKOCTbIO 3000 »
(MOKpHITHE TAKOrO pe3epByapa COCTOMT M3 18 ONHHAKOBBIX IUMTOB M LEHTPAILHOTO Kpyra);

peradip A — JIOBHTENb

Puc. 3.13. PesepByap co chepOnHIUEIpHIe-
cKoil KpoBJeit eMkoeTsio 2000 3

a — BepTHKanbHBIH paspes H dacax: [ — mosica Kop-
nyca; 2 — weesanep Ne 16a; 3 — necuaHoe OCHOBAHHE,
4 — enesobeTOHHAs NJHTA; 5 — ceyeHHe NHPaAMHABL
rpysTa; 6 — conpsixkeHHe KpOBJH H Kopmyca:
! — MOHTa}KHEIe IUBLl, h=4 mm; 2 — 3aBOLCKHe LIBHI,
h=4 mm; 3 — UHIHHIDHYECKHHl JIemecTOK KDOBJM;
4 — MOHTaMKHBle LUBbI, h==5 MM; 5 — KOJBLO XKeCTKO-
et ua mBesiepa Ne 16a; 6 — pefpa IKECTKOCTH;
7 — Kopiyc M2 pPYJIOHHO# 3aroTOBKH

Oce pesepByapa

Puc. 3.12. Cxema WHTOBOR KPOBIH
peseppyapa o6bemoM 5000 #® ¢ pa-
IHAJBHEIM PacKpoeM
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B pesepByapax emkocteio 300, 400 u 700 #3 Gojiee SKOHOMHYHBLI pelleTYa-
Thle CTOHKH.

Ecap BHyTpeHHee HM3GBITOUHOE [aBJieHHE B MapOBO3AYHIHOM IPOCTPaH-
cTBe pesepByapa mpeBbiaer 200 mm 600. cT., HEOOXOZMMO IOJABEIIHBATD
AKeJIe306eTOHHBE TJINTEI K HHXHEMY MOSICY WJIH KPENHTDL IepBHIl HoAC pe-
3epByapa K 3aryyOseHHbIM (YHAAMEHTHBIM IIJIUTAM IPH MTOMOIIUH aHKEPHBIX
6osntos (puc. 3.13).

Cdepouunnuaprueckasi Kpoasi (puc. 3.13) oramuaercss oT cdepuye-
CKOil u cdepoumasbHON TE€M, YTO COCTOHT H3 IHMIHHAPHYECKHX JICNIECTKOB
(cexTOpOB), BIIHCAHHEIX B Cepo-

UIANBbHYIO [OBEPXHOCTh, H HE Zzyamb
uMeeT Kapkaca. 1o ympouiaeT 0Py e
ee M3TOTOBJEHHE H MOHTaX. a) 0y
IenTpanpHasi cTOHKa B 3TOM = -
caydae OpH 3KCIUIyaTallMH pe- F
3epByapa He HYXKHa, a HCIOJb3Y- . N
€TCH TONbKO IIPH MOHTa)e Kak

HWHBEHTapHOE OGOPYJIOBAaHHE. < -

Ha kpynubix HedTe6Gasax u ’ - Al
HedTenpOMBICIaX HAXOAAT NpH-
MEHeHHe BEpPTHKaJbHBHIE pesep- -1+
Byaphi eMkocteio 10000, 15000, |
20000 #® u Gomnee, MOCKOJBKY ; '
OHHM MO3BOJISIIOT YMEHBIUIHTH Ka-
nuTanbHbie 3aTpath Ha 20—30% 2
U CHH3HTHb pacxoj MeTajja Ha
10—20% (mo pmaunbim ITHMU- 5) /
ITpoekTcTaNbKOHCTPYKIIHST) . DKO- ul
HOMHA TMOJy4YaeTcst 3a CUeT -
COKpaLIlEeHHA MPOTSKEHHOCTH
KOMMYHHKaLlMli W KOJIHUECTBA
oGoOpyIOoBaHus, Tak Kak pacxol L2 L 5
MeTanna Ha eIHHUIY €MKOCTH g |
C yBeNnHueHHEeM o6beMa pesep-
Byapa cBepx 5000 »® uamensier-
Csl HE3HAUHTENBHO. .

PeaepByapHl eMKOCTplo  PHC. 3.14. OparMent cepruecKoi K%OBJIH pe-

10 000—20 000 #3 CHDOEKTHDO- 3epByapa o6bemom 10000
POEKTHpO

Banbl LIHUUTIPOEKTCTATBKOHCT- & oommmony mams n s Kooy 1 oo atie.

PYKUA 14 PaliOHOB CO CHero- B uaT; 2 ~ipevromml s 5 uertpan,

Boii warpyskoii nmo 100 xI'/m?, KOTbIO

BeTpOBHIM HanopoM m0 30 kI /2

H pacuetHoil Temmepatypoii no —20 u —40°C.

OHu paccuntaHbl Ha XpaHEHHe He(dTH, Ma3yTa H TEMHBIX HedTemnpo-
IYKTOB ¢ yaenbHEM BecoM 0,9 7/#3 npH BHyTpEHHEM H3GLITOUHOM AABJEHHI
B TapOBO3AyIUHOM HpoctpaHcTBe fo 200 mm 600. €. Wiu mpH BakyyMme
25 mm 800. cr. KOHCTpyKIMsi NpedyCMaTpHBaeT 3aBOJICKOE H3rOTOBJEHHE
BCEX 3JeMeHTOB pe3epByapa (cM. puc. 3.5). OcHOBHbIE NaHHBIE O pe3epBy-
apax Bmectumoctbio 10 000—20000 #® ¢ pynMOHHBIMH KOPMYCOM H HHHLIEM
i chepuyeckoll IUTOBOH KPOBJell MpHUBeleHbl B 1adsn. 3.3.

TTokpuiTHe pezepByapa npeacTaBiaser cOO60H chepHUECKHIl KYNOJ, CeK-
TOPHBIE IIHTH KOTOPOTO OMUPAIOTCA Ha BepXHee OOBSI30YHOE KOJBIO KOPIy-
ca (puc. 3.14). Ha puc. 3.15 nokaszaun pesepByap eMKOCTbIO 20 ThHIC. M3 CO
cepHuecKoil KpOBJeil u KOPNycOM BHICOTOH 12 m, ¢ HHXKHHMH YETBIPLMSE
nosicamy u3 craqau 09I°2C.

OntumManbEble pa3Mepbl HA3€MHBIX BEPTHKAJNBHBIX LHJIHHAPHUYECKHX pe-
sepByapoB BnepBhie onpegenenbl B. I'. Illyxoseim B 1883 r. On nokasaJ, uto
pesepByap cO CTEHKOIl NMOCTOSHHON TONMUHMHLL (8§ =4 mM) umeer HauMeHbLIMII
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TaGauuma 3.3
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Puc. 3.15. PesepByap emxoctbio 20 Teic. 4% co cbepuyeckoii KpoBJaeit

BeC, eCJIH Bec [JHHINA U MOKPLITHS BABOE MEHbIe Beca KOpIyca, a pe3epByap
CO CTEHKOH mepeMeHHOH TOJILMHBL OKa3blBaeTcsl HauboJiee BBHITOJHBIM, €CJIH
BeC [IHHINA ¥ NOKPHITHA paBeH Becy kopnyca. O6GbeM MeTasja B BEpTHKAJb-
HOM pe3epByape €O CTEHKOH NOCTOSHHOH TOJIUHHBI

A= gt A4 2nr8H, _ (3.1)

rge  swrlA— o6beM Meransia OHHINA H NOKPBITHS;
2nrdH — o6beM MeTanna Kopmyca;
r — pallHycC pesepByapa;
A — cyMMa TONUKHB JHHILA H NPHBENEHHOH TOJIUHMHEI NOKPHITHS;
8 — TONIHHA CTEHKH KOpIyca;
H — BricOTa KOpmyca.

IMopcraensia B ypaBHeHue (3.1)

o l/g (3.2)

rae V — eMKoCTh pesepByapa, NOJy4YHM:
- vA i
A= . + 28V aVH. (3.3)
OrnpenennM MHHEMYM o6beMa MeTasjla B 3aBHCHMOCTH OT BBICOTHI pesep-
Byapa. [l 3TOro MpHPaBHSIEM MEPBYIO MPOH3BOAHYIO HYJIO
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dA 5 aV VA —0

aH H &
OTKYLa
Z—A — 8V aVH. (3.4)

OT1cCl0fa CleyeT, YTO HAHBLIMOAHEHIIasl BbICOTa pe3epByapa co CTEHKOH

MOCTOSIHHOH TOJLUHHBI
L
V [ A2
How = ——=) . 3.5
- ‘/ —(%) (3.5)

B ¢opmyne (3.4) sepas uacTh PaBeHCTBA Bblpaxaer oGbeM MeTajia
JHHINA M MOKPBITHS, a MpaBasi-— ONOBHHY o6GbeMa MeTajja, HAYIIEro Ha
kopryc. ClleloBaTebHO, Pe3ePByap CO CTEHKOH NOCTOSIHHOM TONILHHBEI HMEET
MUHEMAJNBHBIE BeC, eClH BeC AHHIIA H MOKPLITHS BJIBOE MeHbHIE BeCa KOp-
nyca. AnanornyteiM nytem B. T'. IllyxoB fokasas, 4to pesepByap €O CTEHKOI!
NepeMeHHOl TONLIMHB HMeeT MHHUMAaJbHBIH BeC, KOTAa BEC AHHINA H TOKPDI-
THSI paBeH Becy KOpIyca, H HalleJ HAaHBBITOAHEHIIYIO BHICOTY TAKOTO PE€3ep-

Byapa
Hy.= \/ lold (3.6)
Y

roe [6]— AcmyckaeMoe HampsiKeHHe il CBAPHOTO HIBa BCTHIK HA pactsl-
KEHHE;
Y — YAeNbHbIN BeC XPAaHHMOH JKHAKOCTH.

Tpu pacuere Nno NEpBOMY MPEAENBHOMY COCTOSHHIO ¢opmyna (3.6) npu-

HuMaeT BHAO:
mR® A
Hom = l/__p____, (37)
ny

roe m— Koa(QGHIHEHT YCJIOBHH paboTH AJisl KOpIiyca pe3epByapa;
R®— pacueTHOe COMPOTHBJIEHKE CBAPHOTO WIBA BCTHIK Ha pacTsiKeHHeE;

n— K03(PPHUIHEHT MePErpy3KH IJIsi THAPOCTATHYECKOTO HaBJICHHSI.

Uz ¢opmya (3.6) u (3.7) cnenyer, 410 NPH HOYTH NOCTOSHHOM 3HAUCHHH
A ONTHMaJbHAsl BHICOTA pe3epByapoB (emkoctbio oT 2000 zo 5000 #2, KoTO-
pbie MMEIOT BHICOTY TOpsiaka 12 m) MpakTHYECKH HE H3MEHSETCH.

®opmynni B. T. Llyxosa (3.6) u (3.7) BbIBedeHBl 1Sl MOHOMETAIHIEC-
CKOTO pe3epByapa (CHEJAHHOTO H3 CTalH OLHOM MapKH), Al KOTOPOro BCe
TOJILIHHBI [OSICOB OIPENENEHbl H3 YCIOBHS NPOYHOCTH H MOJIOXKHTENBHOE AaB-
JieHHe B IIAPOBO3AYIIHOM NPOCTPAHCTBE OTHOCHTENBHO Maso (He mpeBbillaeT
100 mm 800. c1.). B pesepByapax moA Chipyio He(Th K GeH3HH AHAMETp AOJ-
3KeH GBITh COOTBETCTBEHHO YMEHBIIIEH, a BBICOTA KOpIyca — yBesuueHa. Jlas
BO3MOKHOCTH PYJIOHHPOBAHHSA H C HEJbI0 SKOHOMHH ME€Tas/la HHKHHE 1ofca
pesepByapoB eMkocTbio 10 000—50 000 42 mpOEeKTHPYIOT U3 CTAJH MOBbIICH-
HOW MJIH BBICOKOH MPOYHOCTH. B 3TOM cJjiyuae TONIIHHA BEPXHHX MOSICOB NHK-
TyeTcsl UX YCTOHYHBOCTBIO, @ He MIPOYHOCTHIO, H GOPMYJIbL (3.6) u (3.7) Tepa-
10T cMBica. To e OTHOCHTCSl K CTaJNeaNIOMHHHEBHIM pe3epByapaMm JJd cep-
HHCTOH HeTH U €e IPOHU3BOJHBIX, 8 TAKXKE K CTAJbHBIM pe3¢pByapaM, HHXKHHC
10sica KOTOpBIX 06MOTaHEI BEICOKOMPOYHO#H POBOJIOKOK.

OnTHMAaJbHAS BHICOTA BEPTHKANLHOIO pe3epByapa ¢ KOpyCcOoM IepeMeH-
HOIl TOJNLHHBI B 3THX CJy4Yasix JOJ2KHA ONPEAEsThCS H3 yCJIOBHSI MHHHMyMa
CTOMMOCTH: CTOHMOCTb MHHMILA H IOKPHITHS paBHA CTOHMOCTH Kopryca. JTO
e yCJIOBHe OlpefelsieT HaHBbIrOLHEMIIe pasMephl pesepByapa C MiaBaro-
meil KpenIel.
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Has pesepByapa co CTauMOHAPHOH KPOBJIEH H MOHTOHOM ONTHMAJBbHASsN
BBICOTa KOPIyca OlpeAesfAeTCA H3 YCJIOBHSA: CTOMMOCTD JHHMIIA, TOHTOHA H NO-
KPBITHSl paBHa CTOMMOCTH KOpITyca.

ITpu emxoctu or 10000 go 50000 »#3 HamBHIromHeiimasi BEICOTA pe3ep-
Byapa ctaHOBHTcA paBHOH 13,6—18 », a npu emroctn 100 Thic. M2 — 21 M.
ITO OTHOCHUTCS K pe3epByapaM, NpeIHa3HAYECHHBIM [JI5l XpAHEHHs! XKHUAKOCTeH
C yIpPYrocThio NapoBO3AYHIHOK cMecH He Gonee 200 mm 800. cr.

Ilpy XpaHeHHH nerkoHCHapsIIOIUMXCS JKHAKOCTEH (GeH3HWHa, JIMTPOHHA,
CHIPOH He(TH C BLICOKHM NOTEHIHANOM GeH3UHA H T. 1.) ONTHMAaJbHAs BBICO-
Ta pe3epByapa yBeJHuMBaercs emle Ha 1—3 m, a gHaMeTp COOTBETCTBEHHO
YMEHBHIAETCS.

BricoTa kopmyca AoskHa GbITh KpATHOH HIHPHHE JIHCTOB Pe3€pBYapHOii
crann (1,5 #), a gnuHAa pa3BepTKH KOpIyca — KPaTHOH AJIMHE 3THX JIHCTOB
(6 M) mau KpaTHON NMONOBHHE HX ENHHBI (3 M). JL1s1 yMEHBIIEHHS NPOTSKEH-
HOCTH UIBOB XK€JATEJbHO NMPHMEHATH NpH ToliMHe 10 mm u GoJjee JUCTHI
mupuHoi 1800 nau 2000 mm, nnuxoit 8000 mam, a npu toniuute 1o 10 mm —
pPYJOHHYIO ropsivekataHyio cranp no 'OCT 8597—57.

B HacTosillee BpeMs Ha cTaHaX AJiSl CBAPKH H PYJOHHPOBAHHS 3arOTOBOK
MOXKHO HM3rOTOBJSITH NOJOTHHILAa Kopliyca mpuHoit g0 18 m. Ilo-BHmHMOMY,
B JaJibHelilieM GyJeT OCBOEHO PYJOHHPOBaHHE IMOJOTHHIL HMIHPHHON fo 24 M.
Ecau TonupHa HHXKHHX OSICOB KPYITHBIX PE3€PBYapOB M3 YIJAEpPOAMCTON CTa-
JH nonyuaercsl Godibilie 16 mm, a U3 CTalNW MOBBLILIEHHOH WK BBICOKOH NpOY-
HOcTH 6oJiee 14 mm, TO ANSI BO3MOXKHOCTH PYJOHHPOBAHHSA MOJOTHHIN KOp-
nyca cjiefyer NpHMEHATh 06MOTKY OJHOCNOHHBIX HHXKHHUX NOSICOB (TONIKHOMH,
Jonyckamllell pyJOHHpPOBaHHE) BBICOKONMPOYHOH MPOBOJNOKCH NpPH MOMOLLH
apMaTypHO-HaBHBOUHOH MamuHbl. [lo uccnenoBanusam E. U. Denens u
3. b. PamasaHoBa, 5KOHOMHYECKH 3} (HEKTHBHO 06MaThIBATh HHAKHIOIO MOJIO-
BHHY Kopryca. CTeneHb 06KaTHS KOPIyCa ONpeHeNsercs MpefesioM, 3a KOTO-
pHIM Kpyrosas ¢opMa LHJIHHApA nepectaer GBITb YCTOHUHBOM.

KpuTHueckoe HanpsiKeHHe AJsI CKATOPO KOJBIA €AHHHUHOH HIMPHHLI
TOJIIHHO#K O:

azE a2 E
Oy = * — = 3.8
" ,l2 A’ (3.8)
(har)® o5
rie WItr — JJIVHa AYTH OKPYKHOCTH I{HIHHIPA, B NpeJenax KoTopoit npo-

HCXOAMT BBIFHO CTEHKH H OTPLIB OT HEE NPOBOJIOKH B MOMEHT
NOTEPH YCTOHYHBOCTH;
p— KO3 dHIHEHT, OnpedeNsseMBH ONLITHHM IyTeM;
6/ V 12 — paguyc nHepUHH CeueHHs KOJbLa;
A— ruOKOCTh CTEHKH IUJIHHAPA Ha JJIMHe BLIrHGa, paBHAs:

E
7 —.
Ok
Qopmyny (3.8) MOXKHO MONYYHTH AHANHTHYECKH IO METOAHKE, MpellJIo-
)KenHoH B. M. ®eonocheBbiM AN pelleHHs 3aiaul 06 YCTOHYHBOCTH 06XKaTO-
" ro KoJsiia. B atom cnyuae

oF (“ )
Y
=1  _Sud/ (3.9)
v 18
k14 - o
riage Fl (-5— — IIONMHBIH 3JJNHIITHUECCKHH HHTErpag IIEpBOro poja c MoayJneMm

ot 0 mo 10°.
n
Bennunnn 2F; (7)1IJIH TAKOTO MOAYJfA OJH3KH K 7, ONHAKO 3aBHCH-
MOCTb U 0F 8/r aH2/IHTHUECKHM NyTeM MOKA He HailneHa. [103TOMy mpHXOAKT-
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€Al NOJB30BATBECS SKCNEPUMEHTANILHO NMOJYUEHHOH 3aBHCHUMOCTBIO: nipH 8 /r=
=1/500 p=0,02; npu 8/r=1/1000 p=0,01; npu 8/r=1/2000 pn=0,005; npu
6/r=1/3000 p =0,0033.

B cnyuae 06G:xaTtHfl TOHKOCTEHHOTO HHJHHApPa OGMOTKOM, pacmoJiO:KeH-
HOH JIMNIb HA YACTH ero AJUHBI, 3HaY€HHe KPHTHYECKOrOo YCUJIHS MOBHIIIAETCS.

Ilpu 06:KaTHH HUJIHHAPHYECKOH OGOJIOYKH BBICOKONPOUHOH NMPOBOJIOKOH
B nocjiefHell NMPOHCXOAHMT MOTEPS NMPeABAPHTENBHONO HANPSIKEHHA B pe3yJib-
Tarte ynpyroi geopMmanun 060J0ukH. [1151 BEIUHCICHHSA PACUETHBIX YCHIHII B
CTEHKe NpeABapPHTENbHOE HATSXKeHHe OOMOTKH MOXKHO ONpeaensiTe no Qop-
MyJe

P=N [1 +‘£F-’°ﬂ], (3.10)
(EF)yun
rae P — navanpHOe HatsiK€HHe B OOMOTKE;
N — HeoGxognMoe HayaabHOE CXKHMaloLlee YCHIIKE B IHIMHIDE,
(EF)¢gy — KecTKOCTh OGMOTKH MPH PACTSIKEHHH;
(EF)ypq — e€CTKOCTh OGOJIOUKH NPH CXKATHH.

| i | i i
| | | ——
T = s e .

g

Puc. 3.16. OnbrtHblil pesepByap emkocTbio 5000 #3

1 —raagkue nosica Koprnyca; 2 — rodpHpoBaHHBle Nosica; 3 -— gHHOLe; 4 — CK/IAA4YaTO-KOHHYECKAS
KPOBJIsi; 5 — Orpa)<fieHHe KpOBIH; 6 — JeCTHHHA

Mopyap ynpyroctH: NMpoKaTHOH  YTJE€pPOAUCTOH H HH3KOJErHpOBAHHOMN
cramu — 2 100000  «I'[em?, NPOKATHOH BBICOKONIPOYHOH cTanu —
2050000 «kI'/cm?,  XONMORHOTSAHYTOH  BBICOKONIPOYHOH  MPOBOJIOKH -
1 800 000 xI'/cm2.

HinkHee KpHTHUECKOe Hanpsi’KeHHe ANS MpeJBapHTENIbHO HAIpf’KeHHOH
4acTH Kopiyca pesepByapa no ¢opmyJdie U. diimepa — 3. Pamasanosa:

Ok = %? V(Eé)uun(EG)oﬁw

Bbi6op THna KpOBJH 3aBHCHT OT YCJIOBHH 3KCIJyaTallul pesepByapa.
Ilpy oTHOCHTENPHO HEGOJBHIOM H3GBITOUHOM [NABJEHHH B NAPOBO3LYIIHOM
npoctpaHcTBe pesepByapa (#o 200 mm 800. ¢T.) palHOHAJNBHO NpHMEHEHHE
BHCsiYell KPOBAM mATPoBOro THia (puc. 3.16), wWHTOBO# KOHMYECKOH (CM.
puc. 3.6) H cdheprueckoin KpoBau (cM. puc. 3.5, puc. 3.15), CKIaguaTO-KOHHU-
4eckoro mokpbitusi (puc. 3.16). Ilpu noBbllleHHOM H3GBLITOYHOM AABJEHHH
B ra3oBoM nipocTpaHcTBe pesepByapa (1000—3000 mx 800. cr.) Gonee uene-
cO06pasHbi cepOLHIHHAPHYecKas KPoBas (cM. puc. 3.13) u cheponpanbHad
KPOBJisl, BBHAY YJYUIIE€HHsl YCNOBHE HX paboThl Ha HaBJEHHEe MMapOBO3AYLL-
HO# CMeCH 110 CPaBHEHHIO C BHCAUEl, KOHHUECKOH, chepHUIECKO H CKIag4yaTo-
KOHHUYECKOH KpPOBJSIMH.
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TomuuHa KaxKAOrO N0sica BEPTHKANBLHONO [HIHHAPHIECKOTO pe3epByapa
BHayaJie onpefeasercsa no 6eaMOMEHTHOH TeopHH
§— {myhtrnep)r
mR;B
£ne m — K03hGHuKeHT NePerpyskH AN THAPOCTATHYECKOTO NABJEHHS, PaB-
Heid 1,1;

N, — K03QGHIUHEHT Neperpy3kH sl H3GBITOYHOTO [aBJIEHHSI MApOBO3-
OYHIHOH cMecH, paBHbIl 1,15;

Y — YAENbHBIN BeC XKHIKOCTH;

h — paccrosiHKe OT BBHICIIErO YPOBHS KHAKOCTH O PACYETHOTO YPOBHS
nosica, KOTOpeill NMpHHHMaeTcs Ha 30 cm BBIIIE HHXKHEH KPOMKH
[0s1Ca, YYHUTHIBASl YACTHUYHYIO 3aJIEJIKYy KajKJIOro fosica B HHXKeJe-
XKaluil, 8 HHXKHEro — B JAHHILE; 3T0 OOBSCHAETCSA TEM, YTO 3HAKH
KOJBIEBOTO YCHIHST 6€3MOMEHTHOTO COCTOSIHHS H KpaeBoro addex-
Ta NPOTUBOIONOKHHL;

p — U36LITOYHOE [aBJieHHEe B MAPOBO3LYIIHOM IPOCTPAHCTBE pe3ep-
Byapa;

r — paguyc cpeMHHOH NOBEPXHOCTH JAHHOrO Mosica (YacTo B pacyerax
[PHHHMAIOT BHYTPEHHHH pafHyC NOACA, TaK KaK TONIIHHA ero eule
HEH3BeCTHa H, KPOMe TOTO, 3TH PafHyChl OTJIHYAIOTCS APYT OT APY-
ra Ha 0,03—0,07%, uTo BEHIXOAHT 32 mpenesbl TpeGyemMOoi TOUHOCTH
CTATHUECKOTO pacueTa pesepByapa);

m — Ko3(QdHIHEHT yCNOBHE paboThl KOpryca pesepByapa, MpHHHMae-
Meil paBHBIM (,8;

Ry’ — pacueTHOe CONMPOTHBJIEHHE CBAPHOTO IIBA BCTHIK HAa pAaCTKEHHE,
paBHOe NpU aBTOMAaTHUECKOH CBapKe PacueTHOMY CONPOTHBJIEHHIO
OCHOBHOTO MeTalJna,

B panpHelinewm, nociie pacuera CONpPsI)KEHUs] KOPITyCa ¢ JHUILEM U KPOB-
Jiell U N0C/e MPOBEPKH YCTOHYHBOCTH KOPIyCa, TOJILHHB NOSICOB YTOYHAIOTCS
H, eCJIH 3TO HeOGXOZMMO, BBOASITCS KOJBIA XECTKOCTH.

Pacuer 30uB coeAMHeHUs HHXKHETO MOsica CO CTEHKOH 63 yuera yriloBOro
nepemMelleHHs] HYzKHell KpOoMKH Koprnyca BrepBeie gan B. I'. Illyxos. Pacuer
3TOTO CONPSXKEHHS C YUEeTOM NOBOPOTa HHKHEH KPOMKH CTEHKH C nepHepHii-
HO#l rnosocoil [HHINA, OOMuUHAaIOIlel mecyaHoe OCHOBaHHe, pa3paboTaH
M. K. Cadapsinom v M. H. PyuuMckHEM U IpHBOOHTCH HHXKE.

Heuspecruoie (usrnGarommii momeHT My u nonepeunasi cuna Qq)

onpenensiloTcl  METOHOM  CHJI

g) 8 q (puc. 8.17). Hsru6 crenkH u
An]| JIHUIlA TPHBOAHTICA K pacuery
KOHCTPYKIHE Ha YIpPYroM OCHO-
BaHHH C MPHMEHEHHEM FUIIOTe3b!

(3.11)

Bunknepa.
Kanonnueckne ypaBHeHHA
Peo 1 Py  METOLA CHJ NIPH YCJIOBHH Hepac-

TAXKXHMOCTH OHHIIA:
(851 + 85) M, + 83Q, + A +

. -+ Af‘;; = (; (3.12)
/ X
c d M : M, + 653Q, + AT = 0. (3.13)
s i BTG AR =0
Z ’ L g Llnnunapuueckas KeCT-
KOCTb CTEHKHU
Puc. 3.17. ConpsixkeHne Kopriyca ¢ AHHILEM ES
& — pacyeTHaf cxema; 6 — OCHOBHaf CHCTeMa H nei/'l- DCT — _CT— 9y (3, 14)
CTBYIOU(HE  HAarpy3KH; [ — CTeHKa; 2 — QHHILE; 12(1 —p?)

3 — ynpyroe OCHOBaHHe
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rie .- TONMIMHA HHKHETO IOosiCa KOPIyCa;
p — koadpduunent Ilyaccona.

VenoBublil K03(GhHIIHEHT TTOCTENH CTEHKH

Ed
Kep = '2c1' .

cT

(3.15)

XapaKkTepHCTHKA CTEHKH KaK GajJKH Ha yNpyroM OCHOBaHHH (KO3(¢u-

HeHT AedopMantH)
/K
. CcT
Mer = ‘/4—Dcr . (3.16)

EanHuunbie fepeMeEIleHHA CTCHKH!:

=t g —! Y R — (3.17)

s Y12
Dexthier 2D CTmZT 2DCTm§T

praoBble YJ€HB IJ151 CTEHKH!:

myH
Agy = DUERE. Ij i (3.18)
cT
Act — PavH - nap 3.19
. Ker (3.19
LIHIHHIPHYECKAS KECTKOCTh NepUQEpHIHON yacTy AHHINA
ES,
£ (3.20)

12—’
rae 6,— TONIIHHA OKPaHKOB JHHILA.
Kos¢uureHT moctesd YNPYroro OCHOBAHHSI MOXHO TPHHSTH K =
=5 kI'JcM® (3TO COOTBETCTBYET HECKY CPEIHEH KPYMHOCTH).
XapakTepHCTHKa QHHINA KaK 6ajK{ Ha YNpyroM OCHOBaHHH

4 7
/ K
my= 1 == . 3.21
g:¢1] 4D;m ( )
EfMHHYHOE YIJIOBOE NepeMelleHHe AHHILA
2 2
b = %jQ_O , (3.22)
Mo
rie
—11c
—_—= @ mc:
0 cos mc; ) (3.23)
¢ = e " (cos mc -}~ sin mc);

¢ — LIHPHHA BLICTYI& AHHINA 32 KOPNyC (cm. puc. 3.17).
['pysoBoil unen jssi QHHILE

Aﬁ;; (nl‘VH + ﬂ2p) Mpu (1 — 'lp + 26&), (324)
2K;m
rae
__ pme s .
E=¢e " sinmc; ' } (3.25)
P = e " (cos mc -— sin me).

YncnoBsie 3HaueHus 0, ¢, &, ¢ NPHBEHEHD B psjJie CIPABOYHHKOB H KHUT,
H3J1aTaomMX pacyeT 6ajioK Ha YNPYroM OCHOBAaHHH, TEODHIO INIACTHHOK N
oGonouek. TlofcTaBnsisi BHUHCJIEHHBIE 3Hau€HHs KO3((PHIHEHTOB KaHOHHUE-
CKHMX ypaBHEHHI H TPy30BHIX UJeHOB B ypaBHeHus (3.12) u (3.13) m pemias
HX, HaiizeM peauuunbl Mo 1 Qo.
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MomeHT, u3rnbalouil JHHIIE,

M H
My = T2 [14 ¢ (my)] P50 82 (). (3.26)
2my,
MakcumanbHOe H3rn6Hoe HanpsXKeHHe B AHHIIE
6M H
m—— GTR i (3.27)
piiH

Cymmapﬂoe NPOMOJIPHOE pacTAruBaloulee HANPSI2KEHHE Y HHXKHETO Kpas
nepBOro mosica Koprmyca
_rapr M, (3.28)
26¢r 82 '
cT
CymMapHOe NpOJOJbHOE CHKHMAlollee HanpsKeHHe
B CTEHKEe

P —
GCT

New 4 6Mo (3.29)
b 2,

re New — CXKEMAOIlee yCHAHe, IpHXoasieecs: Ha 1 cu
INHHBL KOJIBIEBOrO CEeueHHsi Koprmyca y €ro
HHMKHETO Kpasi, BbI3BAHHOE Harpyskoii OT Be-
Cca MOKPHITHS C TEIVIOH30/sIUEH H 060pyHOBa-
HHEM, CHEroM, BaKyyMoM (0GbIYHO 25 mM

BN s o 800. ¢T.) W BECOM KOpIiyca pesepByapa.
" tlam CyMMapHO€E KOJIbLIEBOE PACTATHBAIOLIEE HANPSAKEHAE

aHKepHOro Kperie-
HHSl pesepByapa y HH3a CTEHKH

W
Ggr_

M
1 — HuKHee KOJIBLO 0
! Nk 2r ( +@Q )
2 0
KECTESS;::M Goat a GROIBIL — (nl‘VH + nep) r . s + 6 MMO . (3 30)
T 5. 6 2 )
cT cr 6(:1'

Bropoii yner 310fl GopMYJIb AACT HanpsiXKeHHe OT KOJIbIEBOTO HOpMaJb-
HOrO YCHJIHS KpaeBoro sekTa, a TpeTHil — HAMpsKEHHE OT KOJBLEBOTO H3-
rH6AIOLLEr0 MOMEHTa KPaeBoro aQdexra. BennuKHa, XapakTepHusyowmas 1Ju-
HY NONYBOJIHBI 3ATyXaHHsl KpaeBoro addekra,

=0,78V r8er -

ITpu H3GHITOUHOM NaBJICHHH B NapoBO3AYLIHOM MPOCTPAHCTBE pe3epBya-
pa emkocTbio 5000 3 u Gonee, npesblaomem 120 mm 800. CT., TPHXOJAHTCS
fipeflycMaTpuBaTh KPEIIeHHe HHKHETO mosica Kopryca K (pyHIaMEHTHBIM
[UINTAM, 3a0KEHHBIM B TPYHT (PHC. 3.18).

Tlox H3GHITOUHEIM faBieHneM 200 mn 600. CT. IPH TOJIILHHE CJI0f KHAKO-
cri 300 mm Kpasi He3AKPENJeHHOro AHHINLA [MOZHHMAIOTCSA: B pe3epByape eM-
kocTbio 5000 &3 — Ha 50 #m, a B pesepByape eMKOCTBIO 10 000 43 — Ha 80 ma.

HHKHEro KoJiblla XXECTKOCTH Ha npHuMepe
paccqu'raﬂuoro Ha H36BLITOYHOE JaBJleHHE

(3.31)

PaccMOTPUM pacyeT aHKEPHBIX Kperlenui H
pesepByapa JUif CHPO# He()TH eMKOCTBIO 2000 3,

mapoposayunoir cmecu p=0,1 kIl [cm?.
OrpriBaonias nogbemMHas Chna OT H3GHITOUHOrO AaBfieHHa ¢ KoddduuHeHToM mepe-

rpysku n=1,15 3a BeeTOM Beca pesepByapa (6e3 guuma) ¢ KO(QHIHEHTOM HELOTPY3KH
n3=0,9:

nD?
S = Hop T—n30= 183T.

Ocb aHKepHBIX GOJTOB OTHeCeHa MO BHellHell HOpPMaJM Ha 85 mm oT HapyXHOi MO-
BEPXHOCTH HHXKHETO Mofica KOPIyCa; MOITOMY HHaMeTp OKPYKHOCTH, Ha KOTOPOH Ppaciofio-
WeHbl 6OJITHL,

Do =15,2-}2-0,085 = 15,37 x.

Tpn wus6errouroM Aasjennu 1000 mn 600. cT. H 6GoNee BeTpOBYK Harpysky mpH pac-

yere aHKEPOB MOXKHO He YUHTHIBATH.
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TpuunmaeM uncnio GontoB n=20 u paccrosnue mexay Gonramu 2,41 x. Torma pacrs-
riBaionlee ycHiHe B 6oste

s
= —=9,15T.

n
IMnowans Goara (HETTO) H3 YrJepOLHCTOH CTAMTH

N

Fyr=——=6,7cM?,
HT mR

rae m=0,65 — ko3bdHnuHenT yciosuil patoThl aHKepPHBIX 60JTOB, paboTralomHX Ha pacTs-

JKEHHe,

[Ipunumaem aHkepHbI Gont M36, nMeromuil wiomanhb ceyeHus no pesbvbe Fyr =7,3 cm2,
PacyerHasi BeJHYHHA rpyHTOBOro npoTHBoBeca (puc. 3.19) nns avkepHoro Gonara (pac-
YETHOE BePTHKaJIbHOE yCHIIHe, YAEPKHBAIOIee aHKeP B IPyHTe):

‘ o .
G=vah!1+ —tg(p),
a

9 8) 4

277 160
S 8=100
> D
<L ) ‘Qr—-_:_. ey |
. J a=50
100 7 2
P4
Puc. 3.19. Ceuenuss nHpaMHAbl TPyH- Puc. 320. Pacuernan cxema
Ta HH3a aHKepa H eJje300eroH-
a — BepTHKaJbHBIE paspes AHaMeTpanb- HOH INIMTBL
HOB  IJIOCKOCTBIO; — BEPTHKAJAbHBIN

{ — yrojiok ~ aHKepHOrO KpernJe-

= .
paspes BIOJL GOATOBOH OKPYIHOCTH; Hust, 2 — aHKepHLE GoaT

8 — BepTHKallbHasi NPOeKUHs KelesoGe-
TOMHOfi NJIHTHI, KBAaApPaTHOH B MJaHe

rae m= 0,4 —Ko3¢dHUIKeHT YCIOBHI paboThl 3aKpeIVIeHHs aHKEpa B IPYHTE;
1= 1,9 7/M® — ob6beMHBIlI BeC YIJIOTHEHHOrO TPYHTA;
F = | m®—nnomagb KBanpaTHOl (GyHAAMEHTHON INIHTHI CO CTOPOHOM a=1 n;
h =33 m—riyOHHa 3aNOXeHHf JKeNle300eTOHHOH [IIHTHI;
¢ = 30° — yroJ BHyTPEHHErO TPeHHsi FPyHTa.
Tlpy 3THX naHHBIX
2-3,3

G=0,4-1 ,9-1,0-3,3(1 —|~—1—O-— 0.577) =12,06 7.
Tak kak pactarupaiomee ycwine B Gonre N=9,15 T menbue pACYETHO BE/MUHHBI [PYHTO-
BOro npotusoseca G=12,06 T, ycnoeue yCTOAYMBOCTH IOJIOKEHHA Pe3epByapa obecneyero.
TlpunumaeM »Kene306ETOHHYIO IIMTY pasMepoM 1000< 1000X200 mm (puc. 3.19, 8).
HHTeHCHBHOCTL IABJIEHMS Ha IVIHTY, HANPABJIEHHOTO CHH3Y BBEpX.

N
g= = 0,92 &I /cam?.
Frn

PacueTHbIH MOMEHT B ONaCHOM CEYEHHH IUIMTEI (puc 3.19,8):

2
M=—"‘21—:1,15 Ten.

PacuerHas nonepeuynas cuia
Q=g¢ga=4,58T.

Tlpurumaem GeroH mapkh 200, nasi KOTOPOro pacyeTHble COMPOTHBJEHHS u3ruby u cpe-
3y COOTBETCTBEHHO PaBHBI: Ryusr =100 xI'fcm®; Rep = 6,4 kl[em,

TonmHHA NAWTH ONMpPENeNserTcs H3 YCJNOBHA OTCYTCTBHA apMaryphl JJisfl BOCHIPHSITHS
IJIaBHBIX PACTACHBAIONIHX HaNpAKeHHE:

Q< anen »

rne  Qupeg=mRcpbhe — mpenenvrasi Hecymasi CIOCOGHOCTL IJIMTEL
b -— pJHHA TIHTHL;
h,— paboyasi BBICOTA THIHTHI;

hp=h—2—2—20—4=16 cn
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Tak kak Q=4,58 T, a Q npey =MmRcp bhe=10240 kI', TO npuHATHIE pasMepsl INIUTHL U
mapka Gefona HocTaTOuHbl. TpeGyemasi miomajib CeueHHs apMaTypsl Kaacca Al

M

—— 3,82
0,50 my R,

Fa

TpunuMaem 10 crepxreil nuameTpom 1o 8 mm ¢ obmiell Muomaneio ceuenus 5,02 ca’.
KouctpyupyeM 3akAajHylo CTalbHYIO IVIHTY pasmepom 250X250X16 mm (puc. 3.20)

H IpoBepsieM XKene306eTOHHYIO INIMTY Ha Cpe3 IO NepPHMeTpYy 3aKJafgHOofi MJMTEL
PacuerHoe conpoTHBieRHe 6eTOHa

R=0,5V Rus Rep = 12,6 kT’ [ca?.
Hanpsixenue cpesa

T =11 .212,6 xI'[cm2,

= Fen

clleOBaTeNbHO, PasMephl 3aKJafHOil yacTH H paGouasi TonmiHHa GeTOHa NOCTATOYHBL.

Huxuee OnopHOe KOJBLO BOCHPHHHMAET COCPEAOTOYEHHble TOPH3OHTAJbHBIE CHIIBL
NepefaloNHeCA OT BEPXHHX aHKEPHBIX INIHT IO OKPYKHOCTH HHXKHErO IOsica Koprmyca (cM.
puc. 3.18).

Warubatomuii MmoMent M=Ne=0,78 T - .

Bricoty cronnka npHaumaem a=0,4 u (puc. 3.18).

IpoBepsieM NPOYHOCTb YTJIOBHIX IUBOB, NPHKPEIJIAIONIMX CTOJMK K KOPHYCy, NpH HX
TOJIMHEe 6 Mmu:

N 6.
Oy = -+ M 3 = 583 kI [cm?.

4.0,7h 1, 4-0,7h, I,

Papnaapnas cuna paBra:

M
P=—=1,9T.
a

Hsri6aioniuii MOMEHT B HUKHEM KoJlblle 2KectkocTH M=0,05, Pr=0,74 T - m.
IlpogonbHas cuila B KQuiblie

P
N= T’:e,lsr,

rae b — paccTofiHMe MeXOy COCeIHHMH aHKePaMH B M.

TlpurHMaem KoOmbLO H3 yrodka 140X90X10 sm, pacnoJioXKeHHOTO MIHPOKOH MNOJKOM
rOPH30HTAJIbHO, H, YyuMTBIBasi paGoTy CTeHKHM, BKJIOUaeM B pacueTHOe ceueHHe KOJblla 30HY
mosica IWHPHHOK 250 mm (TOJIIMHA HMXKHEro mosica paBHa 8 mu). Takum oGpasom, mpu pac-
yeTe MPHHHMaeM KOJIBLO, HMelollee CeueHHe B BHAe YryioTaBpa. [lnomazb Takoro ceueHHs
F=422 cm?, moment unepuust Jo=1459 cm?, MOMEHT CONPOTHBJIEHHS IJIfi BHYTPEHHETO Kpas
ceuenusi W=158,6 cu®. HanpsKenne y BHyTPeHHer0 Kpas KoJiblla

N M
6 =—+ ——=613xl/cm?.
F W
N
OceBoe CKUMaION(ee HANPSIXKEHHE B KoJblle 0=T=146 kl'Jcm®. KpHTHUECKOe HaNpfeHHe

A KoJblla ¢ yueToM Ko3ddHuHeHTa ycnoBHi paborsl m==0,6 npH npoBepke yCTOHUHBOCTH
3EI

Og =m =226 &l'/cm® npeBblllaeT pacdeTHOE OCEBOe CXKHMaloLlee HaNpsKeHHe

Fr2
146 kI'[cm?, U, cenoBaTe/bHO, YCTOHYHBOCTL (DOPMEI KOJiblla obecreyeHa.
TlpoekTupoBaHKHe KPYMHBIX BEPTHKAJNbHBEIX pe3epByapoB Tpebyer perle-
HUsT Psifla TEOpPETHYeCKHX BONPOCOB, OIHHM H3 KOTOPLIX fIBJSIETCH NPOBEPKa
yCTOHUMBOCTH (POPMBI KOPITyca nepeMeHHoR Tonmuusl. Ilepsnii pacuer ycroii-
YHBOCTH TAKOTO KOpmyca ciaeian HHCTHTyT [Mnpocnenmpomcrpoii B 1961 r.
0pH TMPOEKTHPOBAHHH pe3epByapa co c(epuueckOol KpOBJIEH €MKOCThIO
10 000 3 pnist HedTe6asbi Ha cr. Hukoabsckoe [36].

Kopnyc umeer Beicory H=11860 us u pamuyc r=17 100 mnm (o BHyTPEeHHEH NMOBEpX-
HOCTH HMYKHero nosica). TOJIIHHE! TOAICOB HasHaueHbl N0 pacyery Ha npouHocth (puc, 3.21).
B 1961 r. pesepByap NOCTPOHIM H KCHBITANH Ha Bec NOKpuiTHs (80 xI'/M%) m Bakyym
(45 x['[m2). Betep, cHer H TEIVIOH3OJSLHA HA KPOBJe BO BPeMA HCIBITAHHS OTCYTCTBOBAJH.
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TponosibHOE CKHMAaiOlee HAMpsiKeHHE B CaMBLIX TOHKHX MoOsicaX OT Beca KpOBJi
H BaKyyMa

0y = —— = 21,4« [cM?.

2

O6oJs0uKa KOpNyca HACTOJILKO TOHKa, YTO ee HayalbHbie pajHallbHble TepeMelleHHs

B HECKOJLKO pa3 GoJiblile TOJIHHB CTeHKH. [TosToMy 3ajaya NMpOBepKH YCTOMYHBOCTH KOp-
nyca MOXeT OLITb pelleHa TOJBKO B HesHHefiHoit nocranoBke. [IpH onpefiesieHHH HHXKHEro

5 £8

pr
6

KPHTHYECKOTO HANpsXKeHHs NpPH OCeBOM CIKaTHH \01K=2,35 pacueT

r
cAeyeT NPOH3BOAHTL MO HaHMeHbluefll TOJIHHEe CTEHKH KOpNycad, TaK Kak NpH LeHTPaJbHOM
OKaTHH MO BHICOTe OBOJIOYKH NepeMEHHOH TOJMIHHEI O6pa3yeTcsi HECKOJBKO MEJKHX BOJH
M BEpXHHE MOSICA MOFYT <«BHIXJIONHYTE», B TO BpEMsi KaK CpejHHe I
HHXKHHe NO0fica COXpaHsAT yCToHuMBocTh. [IpH BaKyyMe no BhicoTe o6o-

JOYKH Beerjla o6pa3yercsi OfHA MOJYBOJIHA M NOTOMY NPH pacuere HA ) © I
BaKyyM MepeMEHHYIO0 TOJIUHHY CTEHKH CJleflyeT 3aMeHsTb CpefiHeil TOJ- T
1{IIHOH ) < I
1 Ty
§—— 3,8,—0,8cx s U
n oy —~
y b o
KoablieBoe CxkHMalOIee HanpsikeHHe OT BAKyyMa . 1 S
28
pr ry <
Oy = — = 9,6 xI'[cm2. -
= Lol
HukHee KpHTHYECKOe HalpsiXKeHHe NPH pafHaJbHOM CXKATHH MO 1 S
dopmyae I1. ®. [Tankopnua — X. M. Mymraps pagHo: 10 éjf =
— Ty
Eb / 6 ) §
Og = 0,557 ‘ — =16,9 &I Jcu?. 12 s
r EL.
] 1
% | ] <)
Uil
ES
Puc. 3.21. Ceuenne kopnyca pesepByapa eMmkoctoio 10000 3 !
p—e— R=17700

Tounoro pelieHHs1 3ajla4l YCTOIYMBOCTH BechMa TOHKON IHJIHHAPHYECKON 060JIOUKH npH
COBMECTHOM JICHCTBHH OCeBOTO CKaTHS H pPa/iHaJIbHOrO HAPYXKHOIO HABJIEHHS B HeJIHHel:-
HOH MOCTAHOBKe NOKa He HMeeTcsl.

[Npu6rukenHoe ycloBHe COXPAHEHHs YCTONUHBOCTH TOHKOf IIHJIHHIPHYECKOit 060JIOY-
KH NPH COBMECTHOM JIeHiCTBHH OCEBOTO H PaJHAJIbHOTO CXKATHs ONpPefesSieTCsl BhIpakKeHHHeM

(51 Og

+

O1x O2x

<I, (3.32)

rie Op H Oz— pacyeTHBe NPO/IOJILHOE H KOJBbIEBOE HaNpsKeHHS,
Oix H Ogg— HIHXKHHE KPHTHYECKHE HAaNpsiZKeHHs NPH pasfiesbHOM [efiCTBHH OCeBoro u
pajHajbHOrO CXKAaTHS,
B nppuBosmHMOM mnpHMepe pacyera

[+
% s,

O1x Ogx

1, CJlelopaTeNbHO, YCTOHYHBOCTL (OpMBI KOpHyca He obecneyena.

HeficTeuTeNIbHO, BO BpeMsi HcnbiTanuii, nposenensnix BHVMCT, npu 3anosseHns pe-
aeppyapa BOMOH Ha BHICOTY HHXHero nosica (1,6 »), korma pakyym Owi1 nOBelleH 10
45 mm 600. CT., HaCTyNHJa NOTePs YCTONUHBOCTH BEPXHHX MOSICOB: HAGJIONAJHNCEL XJIONKH
H Yy FOfICOB TOJILUHHON 5 H 7 mm oOpazoBasich BMATHHBL JIJIs1 oGecrieyeHHsl YCTORYHBOCTH
BePXHHX MOSICOB KOpOyca cjlelyeT YBeJIHYHTL HX TOJIIHHY HJIH BBeCTH pebpa KeCTKOCTH.

CrponunbHble KOHHUECKHe MOKPHITHS C PaJiHajbHBIMH GajKaMH, [poro-
HaMH, CBAISSIMH W CTaJbHBIM HAaCTWJIOM TOJILMHOH 2,50 mm, pa3paboTaHHbIE B
1949 r. unctuTyTOM IlpOoMcTpoiinpoekT, BecbMa TPYLOEMKH ¥ OTHOCHTEJIbHO
TszkeJnl. B 1952 r. 6bly10 npesiioKeHo IHTOBOE MOKPBITHE U3 LIEHTPaJbHOrO
KPYIJIOrO 3JIeMEHTa M KeCTKHX rabapHTHBIX CEKTOPOB, ONHMPAIOLINXCS Ha KO-
JIOHHY M KOpIlyc pe3epByapa (cM. pHc. 12.7).

B HacTosiniee BpeMst IHTOBOE MOKPBITHE SIBJSETCS OCHOBHBIM JJIsl THIIO-
BBIX pe3epByapoB. I'abapuTHbie IUTHI 3aBOICKOrO H3rOTOBJEHUS (CM. PHC.
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3.6, 3.11, 3.12) uMeroT Kapkac M3 IIBEJJIEPOB, ABYTABPOB H YIOJIKOB, MOKPLi-
THI JIUCTOBBIM HACTHJIOM TOJIIMHOH 2,5 mM; C OJHOH CTOPOHBI paJHaJjJbHO
pacnoJioKeHHbIX GaJjoK NpeAycMOTpPeH cBec Hactula 27 mm, obecnieurBalo-
LMK coelHEHHE IHUTOB BHaxjgecTKy. LIHMTH ¢ yCTAHOBOUHLIMH KOCHIHKAMH
MOHTHPYIOT 6€3 JIecOB, PH FIOMOILH MOBOPOTHOH CTpeJbl, yCTaHOBJIEHHOH Ha
LleHTpaJIbHOH cTofike pesepByapa (puc. 3.22). LluToBLIE NOKPHITHSI pe3epBy-
apoB eMKocThIo 10 H000 M3 SKOHOMHYHEI, MAJOTPYAOEMKH U YIOBJIETBOPSIOT

7 2

iy o 1t X N1 1 0

3 S __ 1 _ [ p 1 L —J__]

11440

22840

Prc. 3.22. Pesepsyap emxocrbio 5000 »#® ¢ maTpoBoii BHCsuelt
KpoBJiekt

/ — BepXHMft JHCT KOPOGUATOro KOJbL@ KEeCTKOCTH; 2 — 30HT; 3 — 06-

BSA3OYHLIA YroJoK; 4 — TPH OCTaJbHBEIX YroJKa KOJBIlZ2 3KEeCTKOCTH;

5 — LleHTpalbHasi CTOlKa KOJBIEBOTO CeYeHHH; 6 -— pebpo »KeCTKOCTH;
7 — olopHas NJHTa

TpeGoBaHUsIM CKOPOCTHOrO MOHTaxa. [0 CPaBHEHHIO CO CTPONHJBHLIM MO-~
KPBITHEM IIUTOBOE NOKPHITHE pesepByapa BMecTHMOCTbIO 5000 #* obecrieun-

BaeT CHUKEHHE Pacxojla CTaJH OKOJO D,5 T M COKpallaeT YUCIO0 MOHTAXKHBIX

saeMeHToB ¢ 300 mo 26.

Jlns pesepByapos eMkocTbio 10 000 #3 1 Gosiee ualue npuMeHsieTcst cde-
pHyeckas uau ceporiaibHas KpoBJs, He Tpeyroniasi LEeHTPATbHOH CTOHKH
(cM. puc. 3.5, 3.14, 3.15). [las pesepByapos o6bemom no 5000 2, mpenHa-
3HAYeHHBIX [/ XpaHeHHs MasyTa M TeMHHIX He(pTenpoJIyKTOB, NpelJoiKeHa
maTtpoBasi BHcsiuasi KpoBJas (puc. 3.22). B uenTpe pesepByapa pasMmelnaercs
cToitka u3 Tpy6el Auamerpom 300—500 mA, B 3aBHCHMOCTH OT pasMepoB pe-
3epByapa, OKAaHYHBAIOLIAsics] BBEPXY KOHHUCCKHM 30HTOM AHaMeTpoM 2—4 u
W3 JUCTOBOH cTanu ToJmuHoi 6—10 mm. [IpocTpaHCTBO MeKAy KOPIyCOM H
CTOHKOH MepeKphiBaeTcsl CTaJbHOH KPOBJEH TOJMHHON 2,5—3 MM, cBOGOIHO
nposucaromeil nox xeficTBHeM COOGCTBEHHOrO Beca, TeNJIOH3OJISANMY, CHEra H
BakyyMma. Takas KpoBJsi [0/l yKasaHHHMH HarpyskaMu paGoTaer Ha pacts-
JKEeHHe, 332 HCKJIOUCHHEM LIEHTPaJbHOH ¥ KpaeBOi 30H, B KOTOPHIX BO3HHKAIOT,
KpOMe TOro, H3ruGHBIE HAMpsIXKeHHs KpaeBoro 3(QdekTa.

Kopnyc pesepByapa c BHcA4Yed KpoBje#l ¥MeeT BepxHee KopoGuartoe
KOJIbIIO KECTKOCTH, BOCTIPHHHMAaollee OTPHLATEJNbHHI pacnop HarpyeHHO#H
kpoBJH. [T0CKOBKY B YCJIOBHAX OCHOBHOTO PaCu€THOTO peXXHMa IKCIJyaTa-
LHH KOJIBLIO CXKATO, OHO JIOJIKHO ObITh NPOBEPEHO HA YCTOHYHUBOCTD.

LlentpasbHylo CTOMKY NPOEKTHPYIOT Ha /s JuaMeTpa Bhille KOJbLA
2KECTKOCTH C 1eJIbl0 00ecneyeHts] YKJIOHA KpPOBJIH, HeOOXOAMMOro AJisl CTOKa
atMocepHBIX OCafkoB. PesepByapbl ¢ BHCSueH KpOBJE€H €MKOCTBIO [0
5000 #2 Ha 10-—15% Jerue THHOBLIX pe3epBYapoB C LIHTOBOH KpOBJeH. 3aro-
TOBKy BHCSIYeHl KPOBJIM TIPH 3aBOJICKOM H3rOTOBJEHHH CBAapHBAIOT H3 CTaH-
napTHHIX JucToB 2500 X 1250 mm B BHlle NIPAMOYrOJbHOIO NOJOTHHILA CO CTO-
pOHaMH, PaBHLIMH pajHycCy pesepByapa H INOJOBHHe nepuMeTpa Kposiu. ITo-
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JIOTHHULIE KDPOBJIH CBEPTHIBAETCS B PYJOH, CepAEUHUKOM KOTOPOTO SIBJISIETCS
lleHTpaJibHas ctoiika pesepByapa. Mcneitanus, nposenenusie BHHUHCT, no-
Kasaljli, 4TO BHcCsYas KPOBJS MOXKeT BblepiKaThb BHyYTpeHHee H3GHITOYHOE
JlaBJIeHHe MapoBO3AYIIHOH cMecH Lo 200 mm 800. cT.

Bo n3bexanue o6paTHOro YKJIOHA BHcsueH KPOBJIH, PENsSTCTBYIOIETO
CTOKY JOXJ€BOH BOIbl H AKTHBH3HPYIOILEro KODPO3HIO MeTajJa, clelyer
Has3HayaTh YroJ KacaTelIbHOH K MepHIHOHAJbHOH KPHBO#l y HIXKHEro Kpas
KpoBau ¢=>5° (puc. 3.23).

MepuroHaJbHOe yCHIMe y HHXKHEro Kpasi 060J0YKH
- gR®

3(h—Rigg)’
r1e ¢ — Harpys3ka Ha eJMHHILY IJOIIALH TOPH30HTAJNbHOH IIPOEKIHH KPOBJIH
OT Beca MOKPLITHS, TEIVIOU3OJSALHY, CHEra H BaKyyMa;
R — pazmyc KpoBJH 10 BHYTPeHHell OBEpXHOCTH KECTKOCTH;
h — Bo3BLIILIEHHE [[€HTPAJbHOH CTOAKH HaJl BEPXOM KOJIbIla 3KECTKOCTH.

(3.33)

T,

3aKoH H3MeHEHHs] MepHIHOHAJIBHOrO yCHJHs Ty B QYHKUHH aGCUHCCH X
3
Ty=—% (3.34)
3x (h—Rtgo)
{Ipy x=R noayuaeMm dopmyay (3.33).
Ilon peiicTBHEM HarpyskH, AellcTByIOLIell CBepXy BHH3, YKJIOH KPOBJH

Yy Kpasi yMEHBIIHTCH H ypaBHeHHe MepHAMOHAJLHOH KPHBOH CpelHHHOH mno-
BEPXHOCTH BHCsIuell 000J10ukH 6ylieT HMeTh CJAeNYIOIHHA BHA:

h [ x3 3x
. E?(m R +2)' (5.35)
IlponosnbHas cuia, HefiCTBYIOILAsl HA LEHTPaJbHYIO CTOHKY,
N= —H—D—zq
4 ’

rie D — pquaMeTp KpoBJH MO BHYTPEHHEMY KPalO KOJbLA JKECTKOCTH.

YMecTHO 3aMeTHTb, YTO NPH KECTKOH KPOBJE€ HAa LEHTPAJbHYIO CTOHKY
fepelaeTcs JHIIb TPeTh HaTPy3KH Ha KPOBJIO, a JBe ee TPETH BOCNPHHHMA-
IOTCSl KOPIyCOM pe3epByapa.

Ilpu KpaTKOBpeMeHHOM XpaHeHHH coipoil HedTH U GeH3WHA B pe3epBya-
pax emkoctbio 10 000—50 000 &3 i Gosee paunOHAJbHO NMPHMEHEHHe IJ1aBa-
I0ILeH KPDLIIIH, TOSBOSIOEH 3HAYHTENBHO COKPATHTb MOTEPH NMPH XPAHEHHH
JIETKOHCTIAPAIOLIUXCS KHIKOCTEE.

IIHHMMIIpoeKTCTaNbKOHCTPYKIHKSI CIIPOEKTHPOBAHBl TaKHE pe3epByaphl
eMKkocTbIo oT 10 000 mo 50 000 8.

YMeHbILEHHE TOJIIHMHLI JHCTOB HHXKHHX IOSICOB MOXeT GbITh HOCTUTHY-
TO OOMOTKO# 3THX MOsICOB (TOJIIHHOM, HonycKamouell pyjoHHPOBAHUE) BBI-
COKOTIPOYHOH MPOBOJIOKOH HA apMa-
TYPHO-HAaBHBOYHOH MaluHHe.

CTBIKH TIPOBOJIOKH JI€JIAKOTCS
BHAXJICCTKY ¢ OOMOTKO#l Bfi3ajbHOM
MIPOBOJIOKOH JHaMeTpoM 2 mm. 3a-
TBOp IO NEPHMeTpy IJaBalollei
KPHIIH MOXeT ObiTh CJeNsIUM,
HITOPHBIM MJH MATKUM U3 GeHso-
cTolikoro GeabtuHra (puc. 3.24 u
3.25). Bepxy kopnyca (puc. 3.26)
TpeflycCMaTpHBAETCS KOJIBILEBOK
6aakoeH, coeIHHEHHbIH ¢ 3eMJell Ha-
PYKHOH JlecTHHULeH, a c I1aBalo-
el Kpolillell — BHYTpeHHell Kkaya-
lomelicss  JICCTHHUH, IADHHPHO  pyc 393, Pacuersbie cXeMs BHCSHeA KpOBJH
TIpHKpEIJIEHHOH K BepXy Kopliyca pesepsyapa eMkoctsio 5000 w3
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Puc. 3.26. Pezepsyap ¢ nuasawineit Kpbilteii eMkoctbio 50 teic, % (LIHWHIIpoexT-
CTaJILKOHCTPYKIHA, 1967 r.)

| — BepxHee NoJoXKeHHE NJaBaloulell KDBILIK; 2 — HHXXHEE MOJCKEHHe IaBaroulell Kpuiuy; 3§ — Ka-
Tyuyasi JIeCTHHLa; 4 — ONopHasi depMa KaTyyeil JeCTHHUUEB!

pe3sepByapa. Hus BHyTpeHHel JIeCTHHIIL NTepeMellaeTCs o KpLillle B paiHalb-
HOM HalpaBJeHHH H NOTOMYy He NpensTCTBYeT H3MEHEHHMIO NOJOKEHHS KPbl-
1M o BHicoTe. Ha HizkHell cTOpoHe NilaBamwueft KpHIIH NPOEKTUPYIOTCS OIIo-
pHl BeicoTOll 1,56—2 M, oBecnieunBaioiye BO3MOXKHOCTb PEMOHTA KPBIIH H
JIHUIIIA ONOPOXKHEHHOTO pe3epByapa. JlJs obecrnieueHHs cTOKa [0XKIEBOi BO-
bl HADY?KHOH TNOBEPXHOCTH TJaBamollell KpBHILIH HPHAAeTcs VKIOH K ee
LeHTpy. ¥YaJjeHHe BOJAbl C KPHIIH NPOH3BOJHUTCS yepe3 HOKMI ILJIAHT HJIH
HIapHUPHYIO TPyOy, NPUKPEMJIeHHYIO K LIeHTPY KPOBJH CHHU3Y U CHabXeHHYIO
TpeMsl OBOPOTHLIMH LIAPHHPAMH (pHC 3.26). B oTeuecTBeHHBIX KOHCTPYKIU-
SIX pe3epByapoB C MJaBaollell Kpblilell WK NOHTOHOM HOMHHAJbHAs IHPHHA
KOJIbIIeBOrO NMPOCTPAHCTBA NPHHATA paBHO# 200 ma. PesepByapbl ¢ nJaBa-
omiell Kpolileli HUMEIOT JIOKH, Jasbl, 3aMepHHle YCTpoHcTBa M IpelOXpaHH-
TeJbHbi€ W BakyyMHBIII KJanaHB, pasMelleHHble Ha Kpolle. BakyyMHbil
KJlanaH HeoOXOZHM i Toro, yTo6bl IOC/e ONOPOIKHEHHS B pe3epByape He
ofpa3oBaJjicsi BaKyyM, KOrAa KpHlla 3aHUMaeT Hu3llee nojaoxenue. Ilpu sa-
NOJIHEHHH pe3epByapa NpeloxXpaHHTeJbHBIE KJanaHel CIyXKaT [AJs BLITycKa
BO3/lyXa, 3aKJIIOUEHHOTO MEXKJly THHLIEM H KphillleH B ee HHzKHEM IOJIO2KeHHH.

[lnaBarmmas kpeima npelicTaBiaser coboit aHO60 MyCTOTEJbIH AByXIed-
HBIH AHCK, JU60 KOJIbLIEBOH TMOHTOH ¢ OJHOEUHBIM JHCKOM B LeHTPaJjbHOH

84



yacTd KpblUy. [laaBatomye KpbllUM CBAPHBAKOTCS H3 CTAJbHBIX JIHCTOB TOJ-
UIMHOM 4—5 MM ¥ HCMILITHIBAIOTCS Ha HENPOHHILAEMOCTb. Bo3ayx, HaxoAA LK~
csl BHYTPH IUIaBalollell KPOBJIH, sIBJISIETCS IVIOXHM MPOBOJAHHKOM TelJa H
yMeHblUaeT aMIVIHTYAy KoneGaHui TeMrnepaTypbl XpaHHMOMH XKHIKOCTH.
CaMpiii KpyTiHEIH pe3epByap ¢ IJ1aBarollel Kpoilef s XxpaHeHHs ChIpoH
HedTH Brepbhie noctpoe B Kygeiite. Ero emkocts okoso 100 000 M3, nua-
MeTp 79,3 M, BEIcoTa 19,5 #; KOpHYC COCTOHT M3 BOCbMH NOSICOB IUMPHHOM IO
‘9,4 m. [luMwe uMeeT TonmuAy 6,3 MM, a cTeHKa — oT 6,3 1o 25 mm. PesepBy-
ap chenan u3 GefiHHTHOH cTanu mapku T-1*. Jlonyckaemoe HanpsxkeHue IJs
CBapHHIX IIBOB Ha pAacTsizKeHHe NMPHHATO paBHBIM 2680 xI[cm?. PesepByapH

LI Py S, e o P Y T

| 11845

Pric. 3.27. Pesepnyapsl €O CTaLHOHAPHON Kphlleil H CTAJbHHM NOHTOHOM
a — BepTHKaJLHEIN paspes peseppyapa eMKocTbic 5000 #%; 6 — muaw roOHTOMa pesepByapa eMKo-
cTbio 5000 M3, @ — BepTHKANbHLIH pa3pes pesepByapa emKocThio 400 M3 [ — Kopnyc; 2 — JHHH(e:
3 — KpoBasi; 4 — UEHTPaJibHasi CTOHKa; 5 — IOHTOH; 6 —3aTBOp NOHTOHa&; 7 — oNopbl; & — nas;
9 — saMepubiit Jok; 10 — pbixatenbuasl apMarTypa; 1l — cMoTpOBO# MIOK; 12 — xJonyluka

€ OTKPHITOM IJIaBaoLiedl KpPbIlleH MOXHO NPHMEHSATH JHIIb B I0XKHOM H Cpell-
HeM mosicax. B ceBepHBIX pafioHaXx, rie BO3MOXKHBI CHEKHbl€ 3aHOCHI, OTKpHI-
Thie MJaBaloIlie KPBILUH HePHMEeHHMBl. B 3THX yCJIOBHAX IKCIUIyaTalllH
IPHMEHSIIOT pe3epByaphl C MOHTOHOM M CTALMOHAPHOM KphILleH (puc. 3.27).
I'epMeTusupylomas CnocoGHOCTb 3aTBOPA 3aBHCHT OT IJIOTHOCTH €ro
npujeranusi K KOpIycy pesepByapa, CTeleHH repMeTHYHOCTH CaMoro 3aTBopa
¥ ofbeMa KOJbLLEBOro HPOCTPAHCTBA.
T1JI0THOCTE NpHUJAeraHyus 3aTBOPa K KOPHyCy onpejlesisieTcsl JaBJeHHeM Ha
e[IMHHUILy TIOBEPXHOCTH 3aTBOpa
g=42 =12, (3.36)
F nDb
tne P — ofllee ycuiue NpUXkaTHS 3aTBOPA;
F =nDb— noBepXHOCTb KOHTAKTa 3aTBOPa C KOPIIyCOM;
D— gnaMeTp Hapy:KHOH NOBepXHOCTH 3aTBOPA;
b— 1mmpyHa NOJOCH KOHTAKTa.

* DTa cralb COOTBETCTBYET OTeUeCTBEHHO[ MapKe BLICOKONPOYHOM CTallH 14XHMO P
(MPTY 2-22-65), npoKaTeiaeMoil TOJIHEOR oT 4 g0 50 #m M HMelouleli C/lefyioline Opa-
KOBOYHBIE MHHHMYMBI OCHOBHEIX MOKa3atedeit: Opp =70 KI[mm?; Or =60 xI/mu? 0 =16%;
oy =4 klmfem? npn —40° C.
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Cuaa TpeHusl, BO3HUKAIOLIAS B pesyJbTaTe NpHKATUsI 3aTBOPA K KOPTy-
Cy pesepByapa, ¥ Bec [OHTOHA C HArPY3KOH AOJIKHBl GHITh HECKOJIbKO MEHb-
HIe oJ'beMHOH CHJIBI IOHTOHA Q:

G+ Gy + fgF <Q, (3.37)

rae [ — kospuuKeHT TpeHUS MexKy 3aTBOPOM U BHYTPeHHEH MOBEPXHO-
CTbIO CTEHKH pe3epByapa;
G,— Bec NMOHTOHA;
G, — Bec 06opy/oBaHHs, BOLH, HAJHBAEMOl HA IOHTOH, o6y KUBaoLLe-

ro nepcoHaJjia # T. II.
IMombeMuas cuia nowToHa
nDﬁ
Q: 2 hYMaxc; (338)

rie h— ray6uHa morpykeHHs MOHTOHA;
D,— nuamerp noHTOHA;
Yuake — HaUOOJNbIIUH YHEJIbHEIl BeC XpPaHHMOM JKULKOCTH.

HOJIO}KeHHe BaTepJIHHPIH [IOHTOHAa
h— -4 (Gy '+QGH + fqF) , (339)
DL Yy

rlte  Vwgm — MHHHMAJbHBIH yIeJbHBIH BeC COLEpPIKHMOro pesepByapa.

Bricora nontoHa npunumaercs h, =1,5 h.
OTHOIIEHYe CHJIBI TIPHKATHS K MOABHEMHON CHJIE NOHTOHA XapaKTepusy-
eT 3Q(eKTHBHOCTL 3aTBOPA MO IWIOTHOCTH MpHUJIEraHHs

F 4qF
K, =% — _‘7—2 .
Q hYMaKCnDH
IToncrabus 3nayenue F u h, noayuum:

K, = nDbg . (3.40)

(FDbg + Gy + G,) TS

Vmun
Yxnenenoe naBienue, OTBeualOLIee PeaJbHBIM YCIOBHAM PaGOThI 3aTBOpAa
B pesepByape, cocrapisier ¢=0,050 kI'/cmu® PesepByapnl ¢ miasaromeil Kpbi-
el ¥ TeM Coilee pesepByaphl C IOHTOHOM M CTAallMOHAPHOH KpOBJIel 1o Ka-
UHTaJbHEIM 3aTpaTaM JI0OPOXKEe THIOBBIX CTAaLlHOHAPHBIX Pe3epBYapoB NOCTO-
AHHOTO 06'’beMa, HO PA3HHLLA B HX CTOMMOCTH KOMIIHCHDYETCH COKpaleHHeM
NOTepb NPU XpaHEHHHM CbIpOil HeTH H GeH3WHA M GOJBILOH 060payNBaEMOCTH
COAEPIKUMOTO pesepByapa. IIpumMenenye pesepByapoB c IJaBalleil Kphieii
OCOGEHHO Lenecoo6pasHo Ha HedTenpOMbBICAAX, ONepaTHBHBIX XpaHHWJIHIIAX
He(TenepepabaTHBAOIKX, HEPTEXUMHYCCKHX H XMMHUECKHX 3aBOJIOB, B KO-
TOPLIX pe3epByapel HacCTO HANOJHSIIOTCS M ONOPOXKHSIOTCA. B ykasaHHBIX
YCJIOBHSIX CPOK OKYIIa€MOCTH pe3epByapoB C IJIaBarollell Kpolllleli OKa3blBaeT-
Cfl BECbMa MaJibiM (HECKOJbKO MecAleB). B Slnouun Bce BepTHKanbHLIE pe-
3epByapnl eMKOCTbIO Gojiee 50 Teic. M3 MMEOT IMaBawoIyl0 Kpoiuy. Kouct-
PYKLHH DE3€PBYapoB ¢ MJaBaronlell Kpblilel, a TaK¥ke ¢ HOHTOHOM H CTallHO-

HapHOH KpOBJIeit NpHBeNeHsl B clleuuaJbHOM aTiace [13].

§ 3. TOPH3OHTAJIBHBE LIUWJIHHAPHYECKHE PE3EPBYAPBI

IIpenMymiecTBa ropH3OHTAJBHEIX WHAMHLPHUECKHX pesepByapoB mepen
JApYr¥MH THIIAMH pe3epBYapoB 3aKJIOYAIOTCH B BO3WOXKHOCTH 3HAYHTENBHONO
YBCJIHIEHHsS] BHYTPCHHErO H3OBITOYHOrO pnaBJenus (no 25 «l'fcm? u 6oJiee),
BaKyyma (1o 1 k['/cyu?) u noutH nosHOro ycTpaHeHus NOTePh JIerKOUCHaps-
IOINMXCSA 2KHAKOCTeH MPH XPaHEHHH; B BO3MOXKHOCTH WX MOTOYHOrO H3rOTOB-
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Puc. 328. MHOroonopHeli rOpH3OHTAJbHEI pesepByap eMKOCTEIO b0 M3

1 — pesepByap; 2 — KoJiblia JKECTKOCTH, NOAKPENJEHHbIE CTEPIKHEBLIM TPEYTOJLHHKOM;

3 — CenJIOBBIE ONOPHI M3 KHPMHUA; 4—6yrosme ¢yHRaMeHTHl; 5 -— NpoKJalKa (nBa

clod ToNs Ha OHTYyMe); 6 — OWITYKaTypKa LeMEHTHEIM DaCTBOPOM: 7 — yTpaMOoBaH-
MBI IPYHT. 8 — ITIHHSIHAS OTMOCTKa&

Ocs cmeixa

Oco cmoima |
syeonna

00

Havono wba

Puc. 3.29. Tunosoli ropusoHTaNbHEI pe3epByap eMKOCTLio 50 #3 ¢ IJIOCKHMH
Ge3peGepHBIMH IHHIIAMH

1—19 — HOMepa nertanelt
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] Pa3sbepmna Demaned
5,17
Pacrpow ruuy 'L
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Ysens/” ¥ -
N swo |3 = =

Havana wba < 3

Pasbepmma Demanu 18

Prc. 3.30. Tunopoit rOpH3OHTANbHLI pe3epBYap eMKOCTbIO 75 M3 ¢ MOJOTHMH KOHHYECKHMM IHHINAMH

1—18 — viomepa neranch

Ocb cmomma
yeonxa




JIEHUs] Ha ChellaJHi3HPOBAHHBIX 3aBOAAX C MOCJIEAYIOLHMM MOHTaXOM CKJa-
JIOB PA3THYHBIX KUIKOCTEH U C2KHKEHHBIX ra30B H3 Pe3epByapoB, JOCTaBJeH-
HBIX B TOTOBOM BHIAE Ha CTPOUTENbHYIO IUIONIALKY; B yLOOCTBe MOJ3eMHOMH
GeckazeMaTHOH yCTaHOBKH; B YCKODEHHH BO3BelleHHs, BCJEICTBHE TOrO 4TO
UX KOHCTPYKIHsI He HMeeT HHM OZHOTO MOHTAaXHOroO IBa; B yA0OCTBe JIE€MOH-
Taka CKJaZla, COCTOSIIEro W3 FOPU3OHTAJbHHIX pe3epByapoB, H ero Inepe-
0a3upOBaHHSA.

BuyTpeHHee u36nITOYHOE [aBjeHHE B TOPH3OHTAJbHBIX pesepByapax
06BIUHO H3MeHsieTCsl (B 3aBUCHMOCTH OT BHZA KHIKOCTH H YCJIOBHH IKCIJIya-
Tauu#) ot 0 no 25 kI'/cm?, sakyyMm — ot 0 no 1 kl'/cm?, nuamerp — ot 1,2 1o

4 m, gnuHa — oT 2 go 30 M, TOJIMHA CTEHKH — OT
a) 3 5o 36 mm, emMkocTb — oT 3 1o 400 3.
S TakuMm 06pa3oM, TOpU3OHTAJbHBIE Pe3epBya-
i pbl ABJSAIOTCS TabapUTHBIMH KOHCTPYKUMAMH H
“ IOMyCKAIOT HX TPAHCHOPTHPOBAHUE B TOTOBOM BH-
{ Ile Ha JKeJe3HOLOPOKHBIX MJaTopMax, TpaHc-
(=Y

08s,

nopTepax, aBTOMAalIWHAX, TpaHjepax, CaHHBIX
TPaKTOPHBIX NpHILENax, BepToJieTax HJIH BOAHHM
nyTeM (Ha mJjaaBy).

IHu1a ropu30HTAJbHEIX pe3epByapoB Jiefa-
6) 0T [VIOCKUMH, KOHHUECKHMH, LHJIHHAPHUECKHMY,
chepryecKHMH WU 3JMIICOHIANbHEIMH, B 3aBH-
CHMOCTH OT H3GBLITOYHOTO [AABJI€HHUs, JHaMeTpa
pe3epByapa U TEXHOJIOTHYECKHX YCJIOBHEH.

a O6aacTp IpUMeHeHHS] CTAalHOHAPHBIX TFOpH-
. . 30HTaJbHEIX pe3epByapoB BecbMa IHpoka. OHH
s - R HCIIOJIb3YIOTCSl B PA3JHYHBLIX OTPAC]sX NPOMBIIH-
JIEHHOCTH, CTPOUTENBCTBA H CEJIbCKOTO X03.HCTBA,
a TaK)ke Ha a’poJpoMax H B asponopTax, Ha
aBTO3aNPABOUYHBIX CTAHIHSAX, PAKETOJPOMAX, KOC-

-Yeunubanugee MOApOMax K JApyrux obbekTax. [ OpH3OHTaJbHBIE

KOABUD H BEePTHKAJIbHBEIE Pe3epByapnl HMEIOT pasHble 06-
Puc. 33l. Qparmesr ropu- JIACTH NPHMEHEHH H OAMHAKOBO HEOGXOIMMEX
30HTAJIPHOTO pe3epByapa co  HapOJAHOMY XO3SIMCTBY.
cdeprieckuMi  HeoTGOpTO- CpeliHsisi BMECTHMOCTh TOPU3OHTAJBHOIO pe-

s g sepByapa paBHa 15 #3. DTo oGbAcCHseTCS TeM.

g::ggggg; c")“ycmggg;g&’;’; YTO HapsAJly ¢ KpynHorabapuUTHBEIMH pe3epByapa-

KOJIBIOM mu o6bemoM 100--350 m3 u cpennerabGapuUTHHMH

pesepByapaMu BMecTHMOCTbIO 20—80 #® wu3ro-

TOBJISIETCS] 3HAYUTEJNbHOE KOJHYECTBO MEJIKHX pe3epByapoB eMKOCTbI0 3—

10 M3, IIHPOKO HCNOJAb3yeMBbIX B CE&JbCKOM XO3fHCTBE, XHMHUECKOH IpPOMBIIL-

JIEHHOCTH, Ha CKJaJax XKHUJAKOIO roplouero aBTO3alpaBOYHBIX CTAHUHUE H BO
MHOTHX JIPYTHX COOPYIKEHHSX.

Io 1953 r. ropu3oHTadbHEIE pe3epBYapbl EMKOCTBIO CBELIIE 25 M3 CTPOH-
JId MHOrOONOpHBIME (puc. 3.28). YMeHblUeHHe YHC/IA OHOP TOPH30HTAJbHOLO
pesepByapa GOJBILOH €MKOCTH ¢ TpeX — HIeCTH Jio ABYX [65, 66] mo3Bosauio
OJIHOBPEMEHHO ¢ SKOHOMUeH CTajH NOJyYUTh 3HAUNTENbHOE CHUXKEHHE PacXo-
la MaTepHaJioB Ha KOHCTPYKLUHH H (yHIAMEHTH! CEJIJIOBBIX OIOp, MOIJIepKH-
BAIOIMX pe3epByap, U 06ecneunThb €KerofiHyl0 MHOTOMHJIJIHOHHYIO 9KOHOMHIO
HaponHoMy xossiiictey CCCP.

B THNOBBIX MPOEKTaX TOPH3OHTAJBHBEIX pe3epByapoB AJs HedTenpomyK-
toB ITHUWIIpoekTcTaAbKOHCTPYKLHS IpPeLyCcMOTPEHEl IJOCKHe MeMOpaH-
ubie (puc. 3.29) u nosorve KoHWueckue AHUINA (puc. 3.30), B THIOBHIX rOpH-
30HTaJbHBIX pe3epByapax MOJ HaJHMB KHIAKHX XuUMuKatoB (katajor HUH-
XuMMmaiu) — cepryeckie HeoTGOpTOBaHHbe JHMmEA (puc. 3.31), a B
rOpH30HTAJbHBIX pe3epByapax Moj CXKHKeHHule raspl (HopMaJb ['unponedre-
Mam) — sagauncounanbheie guuma no FOCT 6533—53* (puc. 3.32).

TunoBHe Haf3eMHBE pPe3epByapnl ¢ IJIOCKHMH 6e3pebepHbIMH NHHIIAMH

)
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Puc. 3.32. TopH3oHTANBHBIH pe3epByap ¢ 3JVIHICOHAAJIbHBIMH AHHIAMH [JIsi JerKux (pak-
1uil GeHauna eMKocTbio 100 a3

1 — mydra Dyf=50 MM OJisi CIIyCKHOrO He3aMep3amollero KianaHa, 2 — KOPOTHIIUH H3 yrodka 125X12,
OJEHOH 100 M nas KpenJeHHs KONMOHKH YKa3aTessi ypoBHsl; 3 — Mydra Dy =40 Mm pas ykasatens
ypoeHs; 4 — umTynep Dy =100 MM nnA NpefoXpaHHTEJILHOro H BaKyyMHOIO KJanaHoB;, 5— mydra
D, =40 mm #ns yKasateiss ypoBHs; 6 — OGOJMOMKA QOHHWIA; 7 — NpPOBOJ 3a3eMJieHHS! (MemHbifi);
8 — MmydTa Dy =20 MM pas TepmoMerpa; 9 — cneyHanbHule MydTH AN BeHTHAeH B3ATHA Npobhi
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Puc. 3.33. Cxema ropH3OHTaJbHOTO pesep- r e(

1 — onopa; 2 — ONOpHOE KOJBLO KECTKOCTH; KOp- z
flyc CIOPOEKTHPOBAH K3 KpPYIHODa3MEPHBIX JH- 88
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Puc. 3.35. Cranpnasi cepdioBasi onopa C

yrjiom oxBata 120° ans pesepByapa mol

CXIXeHHBle Ta3bl WM AJs anmapata Hed-
TenepepabaThIBaIOLlero 3aBojia

r— 3500 — 1000
4000 -

Puc. 3.34. CennoBasi onopa us OGe-

TOHHBIX OGJIOKOB BBICOTOH 2 M A%

pesepByapa eMKOCTBbIO 75 »#° ¢ yr-
aoM oxsara 90°

H3TOTOBJSIOT eMKOcThio oT 3 o 100 m3, nuamerpom ot 1,4 no 0,4 kIl'/em?; ¢
[OJIOTHMH KOHHYECKHMH AHMIIaMH — eMKOCTbIo OT 25 no 100 3, nramerpoM
ot 2,86 10 3,25 m, napnenuem a0 0,7 kI'fem?; co cpepruueckuMHu HEOTGOPTOBAH-
HBIMHM [HHIaMH — eMKocTbIo OT 5 1o 100 43, punamerpom ot 1,4 no 3,2 &,
naBjieHueM ot 0,4 10 2 kI [/cm?; ¢ 3JUIMIICOMAJbHHIMH JHHIAMH — €MKOCTbIO
or 25 g0 200 x3, nuamerpom ot 2 no 3,4 M, AaBjeHHeM OT 2 (s JIETKHX
¢pakuuit 6ensuna) fo 18 kIfcm? (1151 CHKMKEHHOTO NMPONaHa).

PesepByaphl eMKocTbio 100—350 43 MOTYT H3rOTOBJSITHCS NpH HeGOJb-
oM AaBJeHHn (1o 2,5 kI/cm?) ¢ LMAMHAPHYECKHMH JHHImAMH (cM. pHc. 3.2),
a MpH cpeflHeM M BBICOKOM AABJIEHHH — C 3JUIMNCOHAAJIPHBIMA WJIH MOJyIa-
poBbiMH AHHmAMH (puc. 3:33). Onopsl [J1si THNOBEIX pe3epByapoB No. Hed-
TErpOAYKTH U XHJKHE XHMHKATH AeJIaloT OOBIYHO CEAJIOBLIMH C YIVIOM OXBa-
ta 90°, a AJiA pe3epBYapOB MO CKHXEHHbIE Ta3bl ¥ AJs anrnapaToB HegTe-
nepepa6GaTHBAIONIMX 3aBOAOB — CEAJIOBHIMH C yINIOM OXBATa 120°. B nepBoM
cJyyae OMOPHl AeJal0T U3 COOPHBIX GETOHHBIX OJIOKOB (puc. 3.34) wanu u3 Gy-
TOBeTOHa, a BO BTOPOM — H3 :KeJe300eTOHAa WJHM M3 cTajn (pHuc. 3.35).
B Ta6s. 3.4 npuBe/leHbl pa3MepH M Beca CTaJIbHBIX CEJIOBBIX ONOp AJisi TOpH-
30HTAJILHBIX Pe3epByapoB MOJ CXKHKEHHblE Tassl, a B TalJ. 3.5 — pasMephl
CTaJbHBIX YacTell pe3epByapa, MOKOSIIErocs Ha kene306eTOHHOM MNocTa-
MeHTe.

['OpU3OHTaNILHBIN pe3epByap Vsl CKHKEHHBIX Ta30B HE NPHBAPHBAIOT K
CTAaJBHBIM CEJOBLIM OflopaM, a COEAMHAIOT C HUMH MPH IOMOLIH CnenuaJb-
HBIX Janok. Ha onHOH M3 onop pe3epByap 32KpelisieTcsd HENOABHXKHO, a4 Ha
Apyro#i — MOABHMKHO. ITO JOCTHraeTCsl YCTPOHCTBOM OBAJIBHEIX OTBepCTHH B
NpHBapeHHbIX K pesepByapy Jankax (puc. 3.36), pacHOJOXKEHHDIX y NOLBHK-
HO#l onopwl. [IpH yBenuueHHH Ha 25 mMm OTBEPCTHs B HAMpPABJICHHH TIEpEME-
HIeHHsT UMeeTcs] BO>sMOXHOCTb, IPH H3MeHEeHHH TeMnepaTyphl Ha 100°, Ha3Ha-
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Ta6nuua 3.4

CrajibHEIE OTIOpPH

PeaepByaphl ¢ onOpaMH MO
CHHKEHHBlEe Ta3hbl

PaccTosiae Mexny
LAHHA pa&:;?fyﬂ - WHpHHA pedpamu KeCTKOCTH Bec BH};{THI‘},(eH' eMKOCTD HHCJIO
ONOpHI LeHTpamMu | ONOpH e OnopH | ppaverp B A0 ofop Tog
L B mm 6oaTOB b B MM B K2 B MM pesepByap
kB MM e \ e,
1840 1500 400 1790 1000 296 2000 25 2
2180 1800 400 2090 1200 342 2400 50 2
2650 2200 500 2590 1500 501 3000 100 2
3040 2390 500 2980 1500 574 3400 160 2
3040 2350 500 2980 1500 574 3400 200 2
TaGnuua 35
BuyTpeHuuit IllupHHa Bepxa Tay6una cepna
JIHaMeTp xenesobeTon- | JlnuHa nNankd Me"l:;‘;cz‘:‘l:":mu xese306eToH - ngcggnc'é"":‘:{;‘;‘;’
pesepoyapa | woropocta | "o an | MG IGUIPRN | Twoll nopu | B e e
2000 2400 400 2100 520 68
2400 2750 400 2450 620 81
3000 3300 500 3000 770 125
3400 3650 500 3350 870 142

YATb PACCTOsSIHHE MeKIY OCsIMHU onop He 6ogee 25/1,2=21 x (1,2 nm — ynau-
HelHe pe3epByapa Ha Ka b MeTp ero AJIHHBL NIPH MOBLIILIEHHH TeMIlepaTy-
pul Ha 100°). BepTHkanbHasi HArpy3ka Ha OMNOPY HAXONUTCS 3JeMeHTapHO,
a rOpU30OHTAJbHASI HATPY3Ka Ha OINOpY paBHA:

H=0,15N,

rie N — cusia HOpMaJbHOTO ZaBJIeHHS] HA OMNOpPY;
0,15 — Koad U HeHT TPEHHA MeXAYy pesepByapoM H OINOpPOH.

Ilpu 3HaunTENILHOM TeMIlepaTypHOM Mepenafe U OOJBILIOM IpoJieTe 10J-

BHKHYIO ONOPY BBHINOJHSIIOT KaTKOBOH (puc. 3.37) ¢ cOOTBETCTBYIOLIUM CHH-

(3.41)
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Puc. 3.36. CxeMa ycTaHOBKH pe3epByapa JJisi CXHXKEHHBIX ra3oB Ha
KeJle300eTOHHBIH MOCTAMEHT C YrJjoM oxBata 120°

1 — dynpaMeHTHBIH Gont M24; 2 — xeje306eTOHHBIH NoCTaMeHT; 3 — MoaKnaj-
Ka; 4 — JankKa



xeHneM Koapduunenta B popmyne (3.41) mo 0,04. Eciu pesepsyaph ycra-
HaBJMBAIOT He HA MEXJy3TaXKHOe NePeKphLiTHe, a Ha 3eMJII0, TO NpH 6Jaro-
NPUATHBIX TPYHTOBBIX YCJIOBMSIX TOPH3OHTAJIbHBIE pe3epBYyaphl €MKOCTBIO
75 m* ¥ GoJlee pallIOHAJILHO YCTAHABJMBATL Ha CTOHKH, ONHPAIOLIMECs HA
IBa JIEHTOYHBIX ¢yHAaMeHTa (puc. 3.38) HJM Ha OTAeJbHblE (PYHAAMEHTHL
CtofiKH MOryT GbITh COOPHBIMH Ke€/1e300eTOHHBIMH, TPYGOGETOHHBIMY HJIK
CTAJIbHBIMH KOJIBLLIEBOT'O, KPeCTOBOTO MJIH JIBYTABPOBOT'O CeUeHHS.
Hpwu cnabbix rpyHTax neslecoo6pasHo NpUMeHATh GYHAAMEHTH H3 JKeJle-
300€TOHHBIX CBai, MOAOLIBY KOTOPLIX MOXHO MOBECTH 1O IJIOTHOTO TPYHTa
0e3 ycTpolicTBa TTyOOKHX KOTJIOBAHOB M TpaH-
L meil. Mcnonb3oBanue cBaiiHBIX (QYHIaMEHTOB
cokpamaer o6beM 3eMJsHBIX pabor B 9—12
pa3, yMeHbliaeT 06beM 6eTOHHBIX pabor B
1,6—2,5 pasa u cHHKAeT CTOMMOCTb CTPOM-
TeabcTBa ¢yHAaMeHToB Ha 30—50%. Ipen-
TIOUTHTEJILHBL CBaH KBAJIpATHOIO CEUEHMs pas-
MepaMHu ot 250250 no 400X400 mm. Hecy-
mas CrnocoOHOCTh TaKHX cBall H3MeHseTCS OT
22 po 56 1. IlorpyeHue cBail B 'pPYHT MOXeT
250] ! NPOM3BOAUTbCA AyTeM BHOpHpPOBaHMS, a TakK-
I /3'31_5’;"‘1 e 3a0HUBKM HX KONpaMy HJH HepelBHIKHBIMU
KpaHaMH C NOABECHBIMH, NapOBO3AYIIHBIMM H

@ 1400~

300 —— AU3eJIbHBIMH CBAfiHBIMH MOJIOTAMH.
T 75—350 43
l— 350 — Jlisi pesepByapoB eMKOCTbIO M
500 CTOeYHble OIOPHI OKa3bIBAIOTCS JelleBlie Cejl-

JIOBBIX Ha 25—609% . CToOMMOCTD UeTHIPEX CTAJNb-
Puc. 3.37. Katkosas omopa HLIX O6amIMaKOB pe3epByapa, HeOGXOJHMHX
TOPU3OHTANIBHOTO pe3epByapa IIpH CTOEYHEIX ONoOpax, He mpesbiaer 5%

ISl CHMIKEHHBIX Ta30B CTOHMOCTH CEJJIOBBLIX OIOP H, CJIeIOBATENBHO,
ofuias S5KOHOMHSI TIPH Mepexofie OT CeMJIOBBIX

OMOp K CTOEYHBIM cocTaBUT 20—55% croumocTu cenyioBbix onop. PesepBya-

pBl 11 KOHLIEHTPMPOBAHHOH a30THOH KHUCJIOTH, €Jaforo pacrBopa cep-

HOM KHCJIOTH, MOJIOKZ, MHBa, BMHA, (ocdopHOl, YKCycHOll, JUMOHHOI, s06-

JIOYHOH, BHMHHOH KHCJIOT, aMMHAYHOH CEJIMTPBl, PpacilJaBJeHHOIO HaTpHs

(uMeroLIlerO IIKPOKOE IPHMeHeHHe B SIIGPHOH TeXHMKe), BHYTPEHHIOI 060-

JIOUKY H30TEPMHUYECKHX Pe3epBYapoB AJs psiia CKUKEHHBIX razoB (BOLOPO-~

1a, a30Ta, KHCJAOPOAa, 3THJIEHA), a TaKXKe eMKOCTHYIO U TelJIOOOMEHHYIO all-

napaTypy yCTaHOBOK TMIyOOKOTO OXJI2XKJ€HHS, PALHOHAJbHO H3TOTOBJIATh M3
ajomuuus Mapok A00, AO, Al, AJIl miu aJIOMHHHEBBIX CINIABOB MapoK

AMuC, AMr3 u AMr5. M36niTouHOe 1aBJleHHe B aJIOMMHHeBHIX pesepByapax

He ao/oxkHO npeBuliats 0,7 xI'/cm?; TemmepaTtypHasi o6JacTh MX IpHMeHe-

Hust — ot —254 o +150°C.

EMKOCTb rOpH3OHTAJILHOTO pe3epByapa
V = ar?l 4+ K13, (3.42)
rie r— pajuyc pesepByapa;
l— poHa kopnyca;
K; — ko3¢ duilveHT, 3aBuCcsimi OT GOpMbl AHALY (MPH IWIOCKHX JAHHUILAX
K, =0; npu nosiorux KOHHYECKHX C yIyIoM pactBopa 156° K;=0,762;
npu sJyunconjadbaeix  Ky=2,094; npu mmiaumuapuyeckux K;=
=5,33).
[loBepXHOCTL TOPHBOHTAJNBHOTO pe3epByapa
S = 2arl + K,r?, (3.43)

raie K; — ko3 dunpenT, saBucsAmui o1 GopMsl AHUIL (NPH MJIOCKHX JHHIIAX
K2=6,28; npu noJlorux KOHHYECKHX ¢ yrJioM pactBopa 156° K,=
=6,69; npu sanunconpanbueix  Kp=8,69; npH umIHHApHUECKHX
K;=16).

Pacuer ropusoHTaJIbHBIX pe3epByapoOB Ha OCeCHMMeTPHUHBIE HATPY3KH
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(BHyTpeHHee H36GLITOUHOE AaBJIeHHE, BAKYYM) M TeMNepaTypHble BO3JeHCTBHS
MPOHU3BOAKUTCS 110 G€3MOMEHTHOH TeOPHM OOOJIOYEK C YYETOM KpaeBOro 3¢-
¢dekra (cMm. vacte IV).

B’ 1ByXOnopHOM pe3epByape pacueTHOH AJIHHOM

=2 (3.44)
Jr
PacCTOsIHNE MeXly OCAAMH OMOp JOJIKHO ObiTh paBHO: [=0,586 [, us ycnosus
PaBEHCTBA MPOJIETHOTO H OMIOPHOTO MOMEHTOB OT AeHCTBHS NONepPeyHoH Heoce-
CHMMETPUYHOH HarpyskH, paBHOMEPHO paciipe/iesieHHOM no AJHHe 060J0YKu
HHTEHCHBHOCTBIO p (T/M).

'51 ’ S 3 But no cmpenwe B
) 100, 1700
ik i o W N Ry
b 5y & —/ Al ) ’8-\ L H 4 2
21D PR ==
Ll A0 Btaih 9 ST LN A fa &
QI 4550 L 490} 4880 O g 019 B0 3 =
a) . F——. 200" MoK, 2 Bud no cmpenwe 6
.‘:f i % ]
Lll—l_—',l—ul Ny R
. N N, 2
L o1l {az] [Thr e 5600 >
Eﬁ:_ﬁ]—: H,{I:l : . 9270 —
i nlle ly

fpodyrimonpobod

Puc. 3.38. Barapesi ropH3OHTaNbHEIX Pe3epBYapoB C LHJIHHApPHUE-
CKHMH AHMIAMM HA CTOEYHBIX OMOpPaX, YCTAHOBJEHHBIX Ha ABYX
JIEHTOYHBIX (pyHaaMeHTaX

@ —OJaH pacmofoxeHus: pesepsyapos; 6 — supg no A—A; e — cxema pe-
sepByapa eMmkocTbio 100 M3 2 — cXemMa pesepByapa eMKOCTbIO 75 M3
B stoM ciayuae paC‘{eTHbIﬁ MOMEHT B OIIaCHOM CeYeHHH Kopnyca (Ha ono-
pe HJH B IpoJieTe)
2

[
M= 0,02145 pP2 ~ Z_; (3.45)

HauBeironneiiunii 1uamMerp pesepByapa 3aBHCMT OT YCJOBMH paGoThi:
AJIs1 HAJIMBHBLIX pe3epByapoB, paboTaOUIUX 0] HeGONbIIHM H3OBITOUHBIM
IaBJIeHHEM HJIH BOBce 6e3 H3GLITOYHOrO AaBJIeHHS],

Dye = 0,8V ; (3.46)

JJisl pe3epByapoB, HCTIHITHIBAIOUINX CpeAHee WM BHICOKOe H3OBITOYHOE
JaBJleHHe,

Dowe = 0,67V . (3.47)

B ¢opmynax (3.46) u (3.47) ykasaHBl cpefHHe 3HaueHHs KO3(QUIHEH-
TOB NPONOPLHOHAJBLHOCTH. C yBeJlMueHHeM €MKOCTH pe3epByapa OHHM yMeHb-
IIarTCsd, a ¢ yMeHblleHHeM o0beMa pe3epByapa yBeJIHUHBAIOTCS.

MuHEMaJIbHAsT TONIUIMHEA KOPIYCa, MJIOCKHX, KOHHYECKHX H LIIHHAPHYC-
CKHX JHHII VISl HAJIMBHBIX pe3epByapoB, IPUMEHSIEMBIX B CEJIbCKOM M HedTe-
CKJIAJICKOM XO03siHCTBE, paBHa 3—4 mm (3 MM TONBKO sl pe3epByapoB eMKO-
cTBIo 3—5 M3).

Hanmenblas TosmuHEa KopIyca, IIOCKHX, KOHHYECKHX, cepHuecKHX U
UMIHHAPHYECKHX NHHUIL pe3epByapoB M annaparos, HCIOJb3yeMBIX B HedTe-
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nepepaGaTeiBaoLieii, XHMHYeCKOH U 0OOPOHHO# NPOMEIIJIEHHOCTH, COCTaBJsA-
er 5 MM.

MunpManbHas TOJNLIHHA SJIHINCOMAAJBHBIX AHHLL TJyOHHOH, paBHOM
yeTBepTH AHaMeTpa!, 3aBHCHT OT AHAMeTpa KOpNnyca ¥ paBHa:

npu guamerpe 1,6 . . . . . . . 8 mm
» » D 10 »
» » 24 . . ... 12 »
» » 3 » ... 16 »
» » 3,4» . . .. ... 20 »
» » . 22 » (POCT 6533—53%)

DuUncouanbHble AHUIA U3 YIJIEPOAHCTHIX, HEPXKABEIOLIHX, Xapoynop-
HBIX ¥ JByXCJAOMHBIX cTajieil ToAumuHON oT 8 10 60 MM H3rOTOBJSIOT LEJbHO-
IUTAMIIOBAHHBLIMH, IITAMIOBAHHBIMH € OOKAaTKOH POJIMKOM M IITaMIOBaHHbI-
MH. TeXHOJOrMYecKHil Mpoiecc WX H3TOTOBJeHHs] He TO3BOJISieT IPHMEHATD
TOJIIMHBI MeHee YKa3aHHBIX BHIILie.

B HekoTOpHIX ciiyuasix (npu u3GbiTouHoM Aasaennu 10 0,4 kI'/cm?) 3Ha-
YHTEJIbHYIO 9KOHOMHIO MeTaJsljla MOXeT JaTh H3MeHeHHe QOpPMEBI pesepByapa
1pu fepexofie ero paGoTsl U3 yNPYroi B yNpyro-MacTHYecKylo CTaHIo.

Tak, HanpuMep, NpUMeHeHHe THNOBLHIX TOPHM3OHTAJBLHEIX PE3epBYapOB C
MJOCKMMH MeMOpaHHBIMH AHHuilamy, paspaborannelx IIHKHIIpoekrcranp-
KOHCTpyKuHst B 1954 1., mosBosimiio cakoHOMHTb 30% cranm OGaaronapsi
YMeHbUICHHIO TOJIIMH AHUIL ¥ KOpNyca, HCKIIOUEHHI0 pebep KeCTKOCTH
IHUIL, YJIyYIleHHI0 KOHCTPYKIHH KOJell XeCTKOCTH (BaJsIbLlOBKH yroJka «Ha
CHHKY», 4 He «Ha Mepo», KaK paHee), yCTPAHEHHIO TPEYTOJbHHKOB 2KeCTKO-
CTH B NPOMEXYTOUHLIX KOJIbLIAX, NlepeXO/ly OT MHOrOONOPHBIX pe3epByapoB K
EByXonopHeM (pHc. 3.29). ’

B Mecte conpsikeHusi njockoro GespeGepHOro AHMINA ¢ KOpMyCOM NpH
NOBBIICHHN H30bITOYHOrO naeJjeHus a0 0,4 kI/cm? BO3HUKAIOT ITACTHUECKHE
nedopMaLHH, IPHBOASLIME K H3MeHEHHIO (JOPMBI AHHILA ¥ COOTBETCTBEHHO K
H3MEHEHHIO ero pacyeTHOH CXeMBl H XapaKTepa paloThi.

B pmanpHeiilleM, ¢ LeJbIO IOBHIIEHUS] TPOYHOCTH, XKECTKOCTH KOHCTPYK-
UMM K BO3MOXKHOCTH yBeJHUeHHs BHyTpeHHero nasjienus jo 0,7 kl/cu?
LIHUUIIpoeKTcTa bKOHCTPYKLHSI GblIn paspaboTaHbl pesepByaphl € [10JIO-
TUMH KOHWYECKHMH JHHLIAMH.

B 1961—1962 rr. TuNoBEE TOPH3OHTAJbHEIE PE3ePBYaphl C IVIOCKHMH U
KOHHYeCKHMH AHUmaMu 661n nepecmorpens [IHHUHIIpoekrcTaapKOHCTPYK-
st ¢ f06aBJeHHEeM KOHCTPYKLMH, H3TOTOBJsIeMbIX PYJOHHEIM CIOCOGOM,
CBapKO# BCTHIK B OGOHX HanpaBJleHHsiX U JPYr¥X COBPeMEHHBIX TeXHHUECKHX
peiiennit. Pacxon cranu B Takux pesepByapax eMKOCTbIO OT 3 JIO 100 m3® us-
mensiercsi or 50 a0 100 kI'fm3, npuyeM HaHMeHBIUMH PacCXOji OTHOCHTCH K
MakcuManpHoil BMectumoct# (100 #3), npefycMOTpeHHOH B THMOBBIX NMPOEK-
Tax. PesepByapsl paccuuTaHBl Ha HedTeNPOAYKTH ¢ MAKCHMaJbHBIM yle/b-
HoiM BecoM 0,9 1/#3, BHyTpeHHee H3OBITOYHOE [JaBJieHMe 0,4—0,7 xIl'[cm? nan
Bakyym 100 mm 800. cr. (0,01 kI'/cu?). Onopsl 1Jisi HHX TIPUHATHL CEAJIOBBIMH
ToJEHON 300—600 MM B 3aBUCHMOCTH OT 00'beMa pe3epByapa; LeHTPaJIbHEI
yroJl OXBaTa pe3epByapa CeJIOBOH OINOpPOH IMPUHST PaBHBIM 90°.

TIpu ns6ritoyHom nasnennn 0,7—2,5 K [cm? nenecoobpasnee NPUMEHsITh
UMWJIHHADHYECKHe, A NpH AaBjieHuu oosee 2,5 kI'[cm? — snauncoManbHble H
noJiyiapossle AHUILA. TOJINHA HWJIHHADHYECKHX H 3JIJIMIICOUAANBHBIX THHIIL
(rnyGuHOll, paBHO¥ ueTBEPTH AMaMeTpa) paBHa TOJILIHHe CTEHKHM KOpIyca

pe3epByapa.

1 Takasi rayGHHa SJUMICOHIANBHBIX AHHIL Hanbosee palHOHaJbHa C TOYKH 3peHHs
MaKCHMAaJbHOTO CHHIKEHHsi Hampsi:Kenuil KpaeBoro 3(QbekTa H IO3BOJSET HA3HAYaTh TOJIILH-
Hy JMHMLL PaBHOM TOJIMHe KOpHYyca. TONIHHY 3aTOTOBKH BHIMYKJIBIX OTGOPTOBAHHBIX IHHII
TIPHXOJINTCS] YBeJIHUHBATD Ha 2 MM JJisi KOMIIEHCALHH BHITSKKH MeTajlla TIPH TOpsiYeit UITaM-
TNIOBKE ¥ NOTePb Ha OKaJHHYy.
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TonuiuHa mnoOJyApPOBBIX JHMI MeHbIIe TOJIMHB CTEeHKH KOpIlyca
(pHc. 3.39), oHa cocraBasier Ot /3 10 3/, TONUMHBL KOpIyca (pacyueTHast TOJM-
LiMHa INOJIyIIapOBOTO AHHILA BJIBOE MeHbile TOJLIMHBI CTEHKH KOpfmyca).

Bec o6onoukn, oTHeceHHO# K 1 M3 reoMeTpHuecKOll EMKOCTH pe3epByapa
(npy pacyeTHOM LaBJIEHHH p), PABEH:

— e .48
q 1,5KmR, (3.48)

a4-2b
141,68

@ — OTHOIIeH¥le MPOEKTHOH W pacueTHOf TOJIIMH IOJyIIapOBOrO AHH-
1a, cocrasasioniee oopiyHo 1,33—1,5;

b — oTHOIIeHHe JJIMHEI KOPIlyCa K €ro AuaMeTpy;

Y — yIeJIbHBIH Bec MeTaJJa;

n — k03¢ PHIHEHT neperPpy3KH AJs1 BHYTPeHHErO AaBJEeHHS;

m— ko3¢ ¢HUHeHT ycaoBuit pabotel, paeHmi (,8;

R — pacueTHOe conpoTHBJIEHHe CBAPHOrO MIBA BCTHIK PaCTSXKEHHIO.

rae K=

Pruc. 3.39. Conpsi:kenHe KOpnyca M mo-
JyHIapoBOTO JHHILA pe3epByapa Cpel- ¥
HEro H BBICOKOTO JlaBJieHHs] 3

I — Ropnyc; 2 — noaylmiapoBoe pHHuLe

s

IIpu us6riTounom pasiieHuH 2,5—18 kI'[cm? oTHOIIEHMe b u3MeHsIeTCsl OT
. 3

3 no 6. 10 cooTBeTCTBYET 3HayeHHIO AuameTpa D=~0,6)/V, rne V — emkoctsb
pesepByapa.

PaccyutsiBaTh KOpIlyc pesepByapa Ha MOIepeyHEIE HeOCeCHMMeTpHYHBIE
Harpyskd (THAPOCTATHYECKOe AaBJICHHe, BEeTPOBYIO Harpysky, obJefieHeHHe
H T. I.) TpH KPHTEpHH

812

> 10 (3.49)
CﬂeﬂyeT KakK GaJIKy KOJIbI1eBOTO CeyeHHus, a npu
8 10 (3.50)

rs

— KaK UWIHHIPHYECKYIO OOOJIOUKY C yueTOM HCKaxKeHMsl IepBOHAYaJbHOM
(OPMBI [1011ePEYHOr0 CeUeHUsl U ero AellIaHaluH.

B ¢opmynax (3.49) u (3.50) [ — nposer pesepBypa; r — paiHyc KOp-
nyca; ©&— ToJLHHA CTEHKH pesepByapa.

Ilpu otHowenun r/8-<C200 npoMexKyTOYHBlE KOMIbIlA XKECTKOCTH HE Tpe-
Oyrorcst. [pu GosblueM OTHOIIEHHH Pajiiyca K TOJILIMHE B KaXKJIOM Iosice pe-
3epByapa yCTAaHaBJIMBAIOT OJHO WJIH JIBA KOJbIIA 3KECTKOCTH, [IPUBAapHBAaEMbIX
K 0060J104Ke.

Ina pebGpuctbix 060J0ueK (NOAKPENJEHHBIX NPOMEXYTOUHBIMH KOJbIIa-
MM) B IOCnefHHe ABe (OpMyJbl HajJ0o BMecTO § NOLACTABHTH Vﬁﬁnp » Tlle

121 ]
Onp = = — TIpHBEJEHHAs TOJIKHA 060J10UKH;

I — MOMEHT HHEpUHH CeYEHHsl MPOMEXYTOYHOTO KOJbHA KEeCTKOCTH
BMeCTe C 110J10COH 000JIOUKH ITUPHHOMH, paBHOM 1IAaTy KOJell OTHOCH-
TeJIbHO of0uiell HeRTpaAbHOHR OcH;
0 — AT [IPOMEXYTOYHLIX KOJIeil.
Hanwuyue kosen xecTkocTH mpubinmaer pa6oTy OGOJNOUKH K pa6ote
KOHCTPYKIIHH KaK GaJIKu KOJIbIeBOTO CeUYeHHsl IpPH ee pacyere Ha NONepeyHble
HeOCeCHMMeTPHYHbIE HAaTPY3KH.
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Ha coGcTBeHHEI Bec W Ha ceCMHYeCKHe BO3JAeHCTBHsI TOPH3OHTAJbHELH
pe3epByap Hajl0 pPacCcUHTHIBATH KaK 0alJIKy KOJIbLEBOIO CeYeHHsl NPH JI060M
OTHOIIEHHH T'eOMeTpHYeCKHX pasMCpOB.

Ilpu pacuere Ha HeoceCHMMeTPHUHYIO HAarpysKy Kopllyca pe3epByapa
KaK KOHCTPYKTHBHO OPTOTPOIHOH 060JOUKH HEeH3MeHseMOCTb ONOPHBIX cevde-
Huil ob6ecrneynBaeTcsl AHHLAMH (ec/H ONOPHLL PACNOJIOXKEHBl [POTHB JIHHIILL)
wiu nuadparMaMu (eclH JHHIIA HAXOAATCA Ha KOHILAX KOHCOJBHBIX YHacCT-
KOB KOpIlyca).

Haunbonee yno6HO pacCUHTBIBATL TaKMe OOOJIOUKHM Ha OCHOBe IOJYMO-
MenTHOH Teopuu B. 3. Bnacosa u npenyoxenuit B. B. HoBoxunoBa, koTopble
3aK/IOYAIOTCH B clefyionieM: 1) npeHe6peralor KacaTeJIbHHIM IlepeMelieHH-
€M U B BHIpaXeHHH MornepeyHol (KoJbleBOH) H3rMOHOH JedOpManuu %;
2) uckaouaoT u3 BToporo Aud¢epeHIHAJBHOIO YPABHEHHA PABHOBECHS 3Jle-
MeHTa OOOJIOUKH WJIeH, COAepaKailluii nonepeynylo cui<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>