OIlA.®.02.04 AETAJIM MAIIIMH
MHOAIMUITHUKA KAYEHUA

Meroauueckue YKa3zaHusia



1 O0mue cBexenust

[ToAMUIMHUKK CITy»aT OMOpaMH BajiOB M BPAINAIOIIMXCA OCEH, MOTYT TaKkKe MOAAEp-
JKHUBATh ACTAJIM, BpAIarOIUECA BOKPYT oced uin BaJIOB, HAIIPUMCEP IIKHUBHI, 3y6anHe KoJieca
u ap. IIo BUAY TPCHHA NMOAIIMIIHUKK PA3AC/IAIOT HA NOAIIMIIHUKK CKOJIbJKCHHA U KaYCHHA.
HOI[H_II/IHHI/IKI/I KauCHHUA — 3TO OIOPLbI, B KOTOPLIX TPCHUEC CKOJILKCHUA 3aMCHCHO TPCHUEM Ka-
yeHns Onarogaps MPUMEHEHHIO Tel KaueHus (IIapUKOB HJIM POJIMKOB). DTO TPYIa JeTaleH,
Hamboee IMHAPOKO CTAHAAPTHU30BAHHBIX B MCIKIYHAPOAHOM MaCH_ITa6e, B3aUMO3aMCHACMbBIX U
HEHTPAJIM30BAHHO M3roTaBJIMBACMbIX B MAaCCOBOM INPOU3BOJICTBE. B HACTOoAIICS BpEMA MOJI-
HIMITHUKHW KaYCHUA ABJIAIOTCA OCHOBHBIMH BUAMH OIIOP B MalllMHAaXxX.

[ToAmMMHUKKY KaueHUsi COCTOAT W3 cienyromux naeraneit (puc. 1.1): mapyxsoro 1 u
BHYTPEHHETO 2 KOJIEI ¢ JOPOXKKAMHU KaueHWs, Teq kaueHus 3 (mapukoB (puc. 1.1, a) wnm

ponukos (puc. 1.1, 0)); cemaparopa 4, pa3aeisOImero 1 HampaBJISIOMIEro Tella KAUSHHUA.
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Puc. 1.1. KoHCTpyKIMH MOIIMITHAKOB KAUEHUS

OCHOBHBIMH TIPEUMYILECTBAMH TOIIUITHAKOB KAUYEHHUS MO CPABHEHUIO C TMOIIIUIHH-
KaM¥ CKOJIbKCHUS SBIISFOTCS:

1) MeHbIIME MOMEHTHI CHII TPEHHUS M TEIUIOBBIACIICHNE, Mallas 3aBHCHMOCTh MOMEHTOB
CHJI TPEHHSI OT CKOPOCTH;, 3HAYMTEIbHO MeHbIHe (B 5...10 pa3), ueM B MOIIMITHUKAX CKOJIb-
JKCHHUA, ITYCKOBBIC MOMCHTBI

2) 3HAUMTENHPHO MEHBIIHME TPEOOBAHUS TIO YXOy, MEHBIIUN PAacXo] CMa30uHOTO MaTe-
puana;

3) Gonpinas HecyIIas CoCOOHOCTh HA €AMHUITY ITUPUHBI TTOAIIUITHUAKA,

4) 3HAUUTENIFHO MEHBIIUH PACXO0/ JOPOTOCTOSIIAX [[BETHBIX MAaTEPHAJIOB, CPABHUTEIb-
HO HHU3KHE TPeOOBAHU K MaTepHally ¥ TepMUIECKOH 00pabOTKe BaJIOB.

K HenocTarkaMm MOJIIMITHAKOB KAYEHUS OTHOCSTCS: BHICOKHE KOHTAKTHBIE HATIPSKESHUS
¥ TIO3TOMY OTPAHMYEHHBIN CPOK CITYKOBI, YBETMUCHHBIC TUAMETPaAbHbIE Ta0apUTHBIE pa3Me-
PbI, BBICOKAasA CTOMMOCTH YHHKAJIbHBIX IOAIIMUIIHUKOB IIPH MeJ'[KOCﬁpHPIHOM MMpOU3BOACTBC,



MEHbINAsA CIIOCOOHOCTh K AEMII(UPOBAHUIO KOJICOAHUM, YeM Y TOIIMITHUKOB CKOJIbKEHUS,
MOBBIIIEHHBIH [ITYM TP BHICOKUX YACTOTAX BPAILEHUS.

B nacrosiee BpeMs MOAMMITHAKA KAUeHHUS MTPOM3BOIST B IITMPOKOM JHAMA30HE THIIO-
pasmepos ot 0,5 mm 10 2 M u Gonee.

B mmanaszone BHyTpeHHUX nuamMeTpoB a0 3...10 MM MOAMMMHWKA Ka4eHHUS CTaHIAPTH-
3oBanbl uepe3 1 mm, 10 20 mm — gepe3 2...3 mm; 10 495 MM — uepe3 5 mMm.

2 Knaccndukammss NoJIMUNMHUKOB KAaYeHUsT

[To HampaBlieHHIO BOCIPUHUMAEMON HArpy3ku MOJIIUMHUKKA KAu€HUs Pa3JessioT Ha
paauanbHble, BOCIIPUHUMAIOIINE PaaualibHble HArpy3KH, COCOOHBbIE (PUKCHpPOBATH Ballbl B
OCEBOM HAIpPABJICHUU W BOCIPUHHUMATh HEOOJIBIIINE OCEBBIC HATPY3KH; PAAHAIbHO-YTIOPHEIE,
BOCIIPUHHAMAIOIINE OJHOBPEMEHHOE ACHCTBUE PAOUAIIBHOM W OCEBOW HArpy3oK, YHOPHBIE,
MPeAHA3HAYCHHBIC U1 BOCIIPUATHS OCEBOW HArPY3KH.

[To dopme Ten KaueHHs MOAITUITHUKYN PA3IEISIIOT HA MMAPUKOBEIC B poiukoBbie. [1lapu-
KOMOJIUIMITHUKHA B cpeHeM OoJiee ObICTPOXOAHBI. PONIMKOMOAMMITHUKY UMEIOT 00Jiee BBICO-
KYI0 rpy3onoabeMHocTh (B cpeaHeM Ha 50...70 %). [1o uucny panos Ten KaueHUus MOAIIUITHU-
KW Pa3JIeAioT Ha OIHO- (MMEIOINE HauOoJIbIee PacCPOCTPAHEHHE ), IBYX- U MHOTOPSITHBIE.

[ToammmHNKHE MOKHO TaK)KE PA3AENHTh MO MPU3HAKY CaMOYCTaHABIIMBAEMOCTH: CaMO-
yCTaHaBIUBAIOIIHMECA cheprueckue U HecaMOyCTaHaBIUBAIONHecs. Bee mapuko- U poJIHKO-
MOAIIUITHAKA, KPOME CHEPUICCKHIX, OTHOCITCA K HECAMOYCTAHABIMBAIOIINMCS, U3 HAX OJTHO-
pSAHBIE IAPUKOMOIIIUITHAKA € ABYXTOUYEUHBIM KAaCAHWEM MOKHO paccMaTpHBaTh KakK orpa-
HUYEHHO CaMOYCTaHABIIMBAIOILIUECS.

[To raGapuTHbIM pazMepam TOMITUMHUKA PA3ACNSIOT Ha pa3MepHbie cepuu. B 3aBucH-
MOCTH OT TaOapUTHBIX PaJHATBHBIX Pa3MEpOB OBIBAIOT CBEPXJICTKUE (IBE CepHH), 0CO0O0 Jier-
KHe (IBE CEpHUH), JICTKHE, CPSIAHUE, TSHKEITbIC MTOAITUITHAKH (BCETO ceMb cepuid). [1o mmpuHe
KOJIEL] OHU MOAPA3JICIAIOTCSA HA Y3KAE, HOPMAJIbHBIC, ITUPOKHUE U 0CO00 IIUPOKHE.

HaubGonbliee pacnpocTpaHeHue MOMYYMIM OCO0O JIETKHE, JIETKME W CPEJHUE CEpUu
MO/IIATTHAKOB.

[TommmnmanK UMEIOT YCIOBHBIE 0003HAUEHUA, cocTosme u3 mudp u Oyks. [[Be mep-
BbIe A(PHI, cCuuTas crpasa, 0003HAYAIOT LTS MOAITUITHUKOB ¢ BHYTPSHHUM quaMeTpoM ot 20
10 495 MM BHYTpEHHUI AMaMeTp, NCJICHHBIM HA MATh (MHAUe [UTS 0003HAUCHUS pa3Mepa MpH-
niock Obl MCTONMB30BaTh TpH 1MGPHI). TpeThs mudpa cnpaBa COBMECTHO ¢ ceAbMOM 0603Ha-
YAIOT CEPHIO MOIIIMITHUKOB BCEX AMAMETPOB, KPOME MaJIbIX (710 9 MM).

OcuoBHas (13 0co0o0 Jierkux) cepust obo3Havdaercs mudpoii 1, merkas — 2, cpenuss — 3,
Tsokenas — 4, Jerkasi mmpokas — 5, cpenHss mmpokas — 6 u 1.1, UerBepras cnpasa mudpa
0003HaYaeT TUIl NOJIIUITHUKA!

0 — paguanbHBIN MIAPUKOBBIN OTHOPSTHBIMH;

1 — paananbHBIN MAPUKOBBIN ABYXPSAHBIN CHEPUUECKHUIA,

2 — paauaIbHBIA ¢ KOPOTKUMU IIMJIHHIPUUECKUMHU POTHKAMU;

3 — paguabHBINA POTMKOBEIH IBYXPSAHBIN ChepUICCKHIA;

4 — paauanbHBINA ¢ JUIMHHBIMY LWIMHIPUUYECKUMH POJIMKAMH WM UTJIAMHU,
5 — panuanbHbIA POTUKOBBIN C BUTBIMU POJIMKAMHU,

6 — paauaabHO-YIOPHBIN IIIAPUKOBBIH;

7 — pOJIMKOBBIA KOHHYECKUH;



8 — ynopHbIii MIAPUKOBBIIA;
9 — ynopHbI# POIMKOBBIH.

Hynm, crosmue sieBee nociaeanel 3navareii mugpel, 0TOpachIBaIOT, YTO MO3BOJISAET CO-
KpaTUTh 0003HAYCHHS JJI YACTO YIMOTPEOIAEMbIX MOIMITHUKOB. [1aTas wim nsaras v mecras
cripaBa nudpel, BBOAUMBIC HE /I BCEX TOIIIMITHUKOB, 0003HAYAIOT KOHCTPYKTHBHEIE OCO-
OCHHOCTH TOIIUITHUKOB, HAaNMpUMeEp, HAIMIUE CTOMOPHOW KAaHABKHM HA HAPYXKHOM KOJIBLIE,
BCTPOCHHBIX YIUIOTHEHHWH, CMA30YHBIX OTBEPCTHH, OCOOBIH Marepuayl cemaparopa ¥ T.1.
Hudpsr 6, 5, 4 u 2, crosiimue yepe3 THPE Mepe.] YCIOBHBIM 0003HAYSHHEM MOAIIUITHAKA, 000-
3HAQYAKOT KJIACC TOYHOCTHU B MOPsAJKE ero Bo3pactanus. Kiacc tounoctu 0 He yKa3bIBaeTCs.

[Ipumepsl 0003HAUEHHH MOAIIMITHUKOB Kjacca TOYHOCTH (: IMIAPUKOBbIE paaualibHbIE
OJIHOPAJHbIE C BHYTPEHHUM auameTpoM 50 mm nerkoit cepuu — 210, cpeaneit — 310, Tsoxenoit
— 410; pONUKOMOAIIUITHAKA C BHYTPEHHUM AuamMeTpoM 80 MM, ¢ KOPOTKUMH HHJIUHApPUYE-
CKMMH POJIMKAMHU U OOpPTaMH HA BHYTPEHHEM KOJIbIIC JIETKOH cepun — 2216, cpenneit — 2316,
Tsokenon — 2416, konnueckue yierkoi cepun — 7216, nerkoit mmpokoi — 7516, cpeaneit —
7316, cpenneit mmpoko — 7616.

[lepBbiii U3 yKka3aHHBIX B MPUMeEpax MOALIUITHUKOB KJIacca TOUHOCTH 5 umeeT 0003Ha-
yenue 5 — 210.

3 Tunbl NONUUNHUKOB KaYeHUs U UX XaPAKTePUCTHKH

Hlapuxkoesiii paouanvhsiiit 00HOPAOHBII noOwiunHuk (puc. 1.2, a) B OCHOBHOM Npe-
HA3HAYEH JUTA BOCHPHUATHS PAaTUAIBHBIX HArpy30K, HO MOKET BOCIPHUHHMATH U HEOOJbINHE
oceBble Harpy3ku. ObecrieunBaeT oceBoe (PUKCHPOBAHKE Balla B TIPEAEIAaX CBOETO OCEBOTO 3a-
30pa, yJAOBIIETBOPUTEIILHO padoTaeT MPH NIEPEKOCEe KOJISIT Ha Yyroi He 0olee 8, sBsiercs Hau-
00s1€€ MaCCOBBIM THIIOM TMOAIIUITHUKOB.

JluaMeTp 1mapuKkoB:

D, =(0.275...0.3175) (D - d), (1.1)
rae D u d — Hapy >KHBIN ¥ BHYTPEHHUH THAMETPHI TIOIITATTHUKA.

Hucmo mapukoB

Z~2.9(D+d)/ (D -d). (1.2)
HomwunanmpHble pammycsl Tpoduiiel AOPOKEK KaueHWs BHYTPEHHETO KOJIbIIAa OOBIYHO
g = 0.515 DW_

Cenaparop MOAIIMITHAKA OOBIYHO BBITIOJIHAIOT CTAIBHBIM (IITAMIIOBAHHBIM), COCTOS-
MM W3 JIBYX TMOJIOBUHOK, COSIUHEHHBIX 3aKienkamu (puc. 1.2, e). [Ipu BBICOKMX CKOPOCTSX
(Gomee 15 m/c Ha mielike Bana) MPUMEHSIOT MaccuBHble cemaparopsl (puc. 1.2, 3). Iloa-
NIAITHAK 3aMOJTHSIOT IIIAPHKAMU MTPH B3aUMHOM PAJHATFHOM CMEIIECHUH KOJICI.
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Puc. 1.2. OcHOBHbBIE THMBI IIAPUKOMOAIIUITHUKOB

Llapuxoestit paouanvHsiit 08yXpaAOHlil cepuueckuii nogmmmauk (puc. 1.2, 0)
MPeIHA3HAYEH U1 BOCHIPUATHS PaJAMaIbHBIX HarpPy30K B YCJIOBHUAX BO3MOKHOCTH 3HAYMTEIIb-
HBIX TMEPEKOCOB KOJEl MOMAIMIHUKOB (10 4°) u OonbiiuX ynpyrux aedopmaluii Bajos.
[TommMnHUK NOMyCKaeT OceBYIO (PUMKCAlMIO Baja M OYEHb HEOONBIIYIO OCEBYIO HArpysKy.
JIOpOKKY KadeHHs HAPYKHOTO KOJIbIA BBIMIOJHSIOT TIO C(HEPUUYESCKON MOBEPXHOCTH, OTHCAH-
HOM W3 LIEHTpa MOALIMITHUKA, YTO OOECHNEUMBACT MOAIIMIHUKY CaMOYCTAHABIIMBAEMOCTb.
[MoammnHUK 0OBIYHO BBHITOIHAIOT CO CTATBHBIM IITAMIOBAHHBIM CEMApaTOPOM JIETECTKOBOTO
tuna (puc. 1.2, k). Ilpu ckopoctu Ha mieiike Baja Beimie 10 M/c clieayeT MPUMEHSTH Mac-
CHBHBIC CEMapaTOPHI.

Hlapuxkoestit paouanvHo-ynopHsiii noowunHuk (puc. 1.2, B) npeaHa3HavyeH i BOC-
MPUATHS COBMECTHO JCHCTBYIOIINX PaTHANbHBIX U OJHOCTOPOHHMX OCEBBIX HArpy3ok. OH
MOJKET BOCIPHUHMMATHh UHUCTO OCEBYIO HArpy3Ky (IEHCTBYIOIIYIO CO CTOPOHBI CPE3aHHOTO
kousibiia). [Ipumensiercs mMperMMyIIeCTBEHHO TPU BBHICOKHX W CPEIHUX YaCTOTaX BPAIICHUA.
OnuH 13 OOPTOB BHYTPEHHETO WIIM HAPYKHOTO KOJIbLIA CPE3aH MOUTH MOJTHOCTHIO, UTO MO3BO-
JIS€T 3aKIaAbIBaTh B MOAMMUNIHUK HAa 45% Oonblie HIApUKOB TOTO XKe AUaMETPa, YeM B 0ObIU-
HBII pagualibHbIN MOMIUMHUAK. [[OAMIMIHKAK BHITIOJHAIOT C YIJIAMH KOHTaKTa IIAPUKOB C
kosbiamMu o0 = 12° (tum 66000), oo = 26° (tum 46000) 1 o = 36° (tTum 36000). Pagnansnas
IPy30M0ABbEMHOCTh MOAUIUIMHUKOB OOJBIIE, YeM OAHOPSAHBIX PAAUATBHBIX MOAIIUIHUKOB,
Ha 30...40 %. OcHOBHOM THUN MPUMEHAEMbIX CEMAPATOPOB — MACCUBHBIN. [loAIIMITHUKA BBI-
MOJTHAIOT HEPA3beMHBIMU (MX COOPKY M Pa3z0OpKy OCYIIECTBIISIFOT ¢ HArpPeBOM HAPYKHOTO
KOJIbIIA) U PA3BEMHBIMH (CO CHEMHBIM HAPYKHBIM KOJBIIOM). [TOAMMMIHUKY 9acTO YCTaHAB-
JMBAIOT MO JABa W 0o0Jiee B OMOpPY, 4TO oOecrneyruBaeT OOJIBIIYIO IPY30MOABEMHOCTh OMOPHI,
CocoOHOCTh BOCIIPHHUMATH JBYCTOPOHHHE OCEBbIE HArPy3KH, BO3MOKHOCTh BBHIOOPKH 3a30-
pa W CO3/TaHuUs TIPEIBAPUTEIHBHOTO HATATA.

ILlapuxoestit paouanbHo-ynopHslil 08yXpaAOHslil noowunuuk (puc. 1.2, ) npenHa-
3HAYEH U1 BOCIPHUATUSA 3HAUUTEIbHBIX PAJAUATIbHBIX, OCEBBIX U KOMOMHHUPOBAHHBIX HArpy-



30K B YCJIOBHUAX BBICOKHX Tpe60BaHHI71 K kecTKOoCcTH. OH M3rOTOBIIIETCS C npeaBapUTCIIbHBIM
HAaTATOM.

Hlapuxoesiit paouanvHoO-ynopHslil 00OHOPAOHBII ROOMWMUNHUK C PAZHEMHBIM GHYM-
PEHHUM (WU HAPYHCHBIM) KOJIbUOM U KOHMAKMOM 6 mpex uiu yemplpex moukax (puc.
1.2, n) npeaHa3zHaueH A1 pabOTHl MPH PAJAUATFHBIX W JABYCTOPOHHUX OCEBBIX HArpy3Kax IMpH
MajbIX TabapuTHBIX pa3Mepax Mo ocu. PaamanbHas TPy30MOABEMHOCTh MPH YETHIPEXTOUECY-
HOM KOHTAKTC U IMOBBLIICHHOM YHUCJIC IIAPHUKOB BLIIIC I'PY30IIOABEMHOCTH OJHOPAAHBIX Paar-
AJIbHBIX MIAPHUKOBLIX IMOAIIHUITHUKOB.

Ynopnuiii
mapuKkoevlii. - noo- —_ d —
wunHuk (puc. 1.3,

a) MpeHa3HauYeH V / /

JUISL BOCHIPUATHS OJI- ¢ %
HOCTOPOHHHX oce- - — :Id\

BbIX Harpy3ok. OH —
YJAOBJIETBOPHUTEIHEHO /d

paboraeT mpum Ma-
JIBIX ¥ CPEOHMX Yac-
TOTax BpaIECHUs a
(CKOpOCTH Ha Baly —
He Gomee 5...10 m/c).
Ilpu BBICOKHMX wac-
TOTax BPALLIEHHUSI
HNOJIMITHUK paboTa- :C<

€T XyIKe BCJIEACTBUE % = ~ ﬁz
pocta  TEHTPOOEK- Y 2
HBIX CHJI U THPOCKO-
MAYECKUX  MOMEH-
TOB, JEUCTBYIOIIMX
Ha mapuku. Ha ro- droc
PU3OHTAJIBHBIX  Ba-
Jax oH paboTaer 0

XYyKE, 4E€M Ha BEp- Puc. 1.3. YnopHbie NOAINUINHAKA
TUKAJIbHBIX.

Huamerp mapuka Dy 2 0.375 (D - d). (1.3)

Yucno mapukos Z ~3.56 (D +d)/(D-d). (1.4)

Pamnyc xxenoba p ~0.54 Dy.

OMHO KOJBIIO yCTAHABIMBACTCS HA BaJI MO MOCAKe ¢ HATATOM (CM. dpoc Ha puc.1.3).

[ToAmMIHUK MOKET BBHITTOTHATHCS ABYCTOPOHHUM CO CPEIHUM, 3aKPETUIAEMBbIM HA BATY
KOJIBLIOM, UMEIOLM JBa skenoda (puc. 1.3, 6). Uucno mapukos Z ~ 2.2 Dp /Dy toe Dp —
JUAMETP OKPYKHOCTH, MPOXOAAIINI Uepe3 EHTPHI MAPUKOB, Dy — IMAMETP MapUKA.

Ponukognlit paouanvHvlii NOOWMUNHUK ¢ KOpomkumu poaukamu (puc. 1.4, a) npen-
HAa3HA4YCH JJIs1 BOCIIPUATHUSA GOHBH_[]/IX paarualiIbHbIX HArPY3O0K. Ero rpy30noabEMHOCTbL HA HE-
CKOJIBKO ACCATKOB IPOLCHTOB BLIIIC I'PY3OIMOABEMHOCTH OAHOPAJHOIO paaruaJibHOI'O IIapu-
KOBOTO MO IMNMHUKA. [loanmnanku, pa300pHbIE B OCEBOM HaNpaBCHHUHU, JIOMYCKAIOT HEKO-
TOPOE€ OCEBOE B3aMMHOE CMEINECHUE KOJICI, a MOTOMY YJIOOHBI B Cliyuae OOJIBIIMX TeMIiepa-



TYPHBIX aedopManmii BaJOB TpH HEOOXOIMMOCTH MX OCEBOM camMoycTaHOBKH. OHH BBITIOJI-
HSIOTCS CO IMITAMITOBAHHBIM WJIM MACCHBHBIM CEMapaTopoM (TIPH MOBBIIMIEHHBIX YacTOTaX Bpa-
IICHHS).
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Puc. 1.4. KoHcTpyKIMH POTUKOMOIIIMITHAKOB

Kpome moamumHnKOB OCHOBHOTO THTA ¢ OOPTAMH HAa BHYTPEHHEM KOJIbIIE TIPHMEHSIOT
MOJIIUITHAKKN ¢ OOpTamMu Ha Hapy»XHOM KoJblle. [Ipn HeoOxomMMocTH oceBoil (pukcanuu Ba-
JIOB B OJIHOM HAINPABJICHUU MPUMEHSIOT MOIIUIHAKKA C JOTOJHUTENbHBIM OopToM (puc. 1.4,
0). Ilpu HEOOXOMMMOCTH OCEBOM (PHKCAIMK B ABYX HAMPABJICHUSAX TMPUMEHSIOT KOHCTPYKIIUU
C IOTIOJTHUTEITLHBIM OOPTOM | YTIOpHO# miaiboi (puc. 1.4, B).

Jleyxpaonslil paouanvHviil ROOMUNHUK C KOPOTKUMHU IMJIMHAPUYECKUMH POJTUKAMH U
KOHUYECKUM OTBepcTHeM (puc. 1.4, T) NPpUMEHSIOT 1Uisi OBICTPOXOIHBIX BaJIOB, TPEOYIOIMIMX
TOYHOTO BpauleHus. [IoAMMIMHNK U3rOTOBISIOT 0c000 Jerkoi cepuu. [{TMHY poarKoB BbIOU-
paroT paBHOU auameTpy. Ponmuku pacrnonararoT B maxmMaTtHoM nopsake. Cemaparop — MaccuB-
HBIH OpOH30BBIN.

Beicokass TOUHOCTh MOMIMNHMKA OOECTIEUMBAETCS TEXHOJOTHUHOCTBIO KOHCTPYKIHH,
BO3MOYKHOCTBIO PETYJUPOBAHUA 33a30pa BHYTPEHHETO KOJbLA U BBICOKOH KECTKOCTBIO, CBS-
3aHHOW ¢ OOMBIIMM YHWCIOM TeI KaueHUs. BBICTPOXOAHOCTH NOCTHIaeTcs palMOHaTIbHON
(hopMOit TeT KaueHHs, BEBICOKOW TOYHOCTHIO M COBEPIICHHOW KOHCTPYKITUEH cemapaTopa.

Ponukoewtii paouanvHulii 08yxXpaoHlil chepuueckuil noomunuuk (puc. 1.4, n) npen-
HA3HAYeH U1 BOCMPHUATHS 0000 OONBIINX PaAuaibHBIX HATPY30K MPH BO3MOXKHOCTH 3HAYM-
tenbHbIX (0,5...2,5°) mepekocoB KoJIell, HO OH OYCHb YYBCTBUTENIEH K OCEBBIM Harpy3kam. J[o-
POKKa KadeHWs HAPY)KHOTO KOJIbIIA BBITIOJHEHA IO CHEPUUECKON TOBEPXHOCTH. Ponmkm
UMEOT (POpMy HECHMMETPHUUHOW M CUMMeETpHuHOW Oouku. CpemnHuii GOPTUK BHYTPEHHETO
KOJIbIIA MOKET OBbITh BBITIOJIHCH TUIABAIOIIMM. JTH TOAIIUITHUKN O0Jadat0T BHICOKMMH SKC-
TUTyaTallMOHHBIMU MOKA3aTEISIMU, HO TEXHOJIOTUYECKU HAanboJIee CIIOMKHBI.

Ponuxoewtii paouaibHo-ynopHlili Konuueckuii noomunuuk (puc. 1.4, ) npeanazna-
YeH JUTSl BOCHIPHSITHSI COBMECTHO JACHCTBYIONNX PAJHAIBHBIX W OJHOCTOPOHHUX OCEBBIX Ha-
TPY30K MPH CpeaHUX cKopocTsx (00bryHO 10 15 M/c Ha Bamy). Ero panmanehas rpy3onoabeM-
HOCTb 3HAYMTEIBHO BHIIIE, YUEM PATUAIEHOTO OJHOPSAHOTO IAPUKOMOIIIANHUKA. JTOT MO~
IIUITHAK UMEET BEChMa HIMPOKOE MPUMEHEHUE B MAIIMHOCTPOCHUHU, OTJIMYAETCA YI00CTBOM
cOopkH, pa30OpKH W PEryJIUpPOBKH 3a30poB. s obecriedeHnss YMCTOr0 KAueHWs! BEPIIHHBI
KOHUYECKHX TIOBEPXHOCTEH MOPOKEK KAUCHHS KOJIEI U POJIMKOB JOJIKHBI COBMANATh. YTOJ
KOHTaKTa (TIOJIOBMHA yTja MPH BEPIIMHE KOHYCAa JOPOXKKH KAu€HHWs HAPYXKHOTO KOJIbIIA)
o = 10...16°. IlommmnHuKyY, NpeAHa3HAYEHHBIE A1 BOCHPUATHS 0CO00 OONBIIMX OCEBBIX Ha-



IPY30K, BHITIOJHSIOT ¢ yrioM KoHTakTa 0koyo 20...30°. Yroa KOHYCHOCTH POJIMKOB — OOBIYHO
1,5...2°. CoBpeMeHHBIE KOHUYECKHAE W MUIHHIPUYECKUE POMKOTIOMIIAITHAKA BHITIOTHSIOT C
POJIMKaMH, UMEIOIMMH HEOOJBIIYIO BBIMYKIOCTh. [Ipu 3TOM pecype mosbimaercs B 1,5...2
paza u 6onee. [Ipumenstor u apyrue Mmoaudukauu npodus.

PonukoBble MOAMMIHUKA 0CO00 YYBCTBUTENBHBI K MEPEKOCAM OCEH, MO3TOMY BEChbMa
COBEPILICHHBIMH SABIIAIOTCA chepryeckre MOIIUITHAKA ¢ KOHHIECKUMH O0YKOOOPa3HBIMH PO-
JMKaMH. XapakTEPHBIMH OCOOCHHOCTAMHU 3THUX MOJIIMITHUKOB SBJIAIOTCA CHOCOOHOCTH BOC-
MPUHAMATh OONBIINE HATPY3KH M CaMOYCTaHABJIMBAEMOCTb. DTH MOAUIMITHUKA MPUMEHSIOTCS
B Han0oJIee OTBETCTBEHHBIX KOHCTPYKITUAX, OJHAKO B U3TOTOBIIEHUHM OHU CJIOYKHEE M JOPOXKE
MO0 CTOMMOCTH, UeM JIPYTHE TTOAITHITHAKH.

Ynopnutii poarukonoowiunnuk npenHa3HadeH A1 BOCHPUATHA OOJIBIIAX OCEBBIX Ha-
IPy30K NpU HEOONbIIMX YacToTax BpaileHud. [loammnHuk BO M30ekaHuEe BPETHOTO CKOJIb-
KECHUA, CBA3aHHOTO C (bOpMOﬁ, BBITIOJIHAKOT ¢ KOPOTKHMMHU HUWJIMHAPHYCCKUMU POJIMKaAMU (HO
OJIHOMY MJTH JIBA B KQXJIOM THE3/Ie CenapaTopa) Wi ¢ KOHUYECKUMH POJTMKAMH.

Hzonvuamotii porukonoomunnuk (puc. 1.5, a, 0) IPUMEHSIOT IPH OYEHBb MAJTBIX Pa-
JMaTbHEIX rabdapuTax W CKOPOCTAX Ha Baly A0 S5 M/C, a TaKkKe MPH KAYaTeTbHBIX JBHKEHHUIX
(MydTHI KapIaHHBIX BB M T. .). OH 00s1agaeT BHICOKOW paaualibHONW TPY30MOIBEMHOCTHIO, HO
OCEBBIX HArpy30K HE BOCIIPHHAMAET.

WUrner umeror aumamerp 1,6....6 MM u
qmHy, B 4...10 pa3 npeBocxomsllyro aua-
meTp. Mx ycranaBnuBatoT 0Oe3 cemapaTtopa
wim ¢ cenaparopoM. [loammnauk 00bIYHO pa-
00TaeT B peXMMax KaueHUs B HArpyKEHHOH
30HE M CKOJBKEHHUS — B HEHarpy)keHHou. B

CBS3U C 3TUM OH MMEET MOBBILIICHHBIH KO- a 6
¢duimenT Tpenus. [(onroBeyHOCTh WIVT B Ta-

KOM pEKUMe PabOThl OTHOCHTEIBHO HEBBICO- Puc. 1.5. Uronbuarsie pouKo-
ka. Ilocne pmrenbHOM paboTHl UIVIBI MOJTY- IO IIUTHUKY

YAIOT OTPAHKY.

Jlns MakCUMalTbHOTO YMEHBINCHUS PaAUaAIbHBIX Ta0APUTOB IIUPOKO MPUMEHSIOT KOM-
MJICKT WIJI B cenaparope 0e3 koJier (puc. 1.5, a) mwim ¢ ogaum koibitoM (puc. 1.5, 6). [ToBepx-
HOCTH Bajia WK KOPIyca MO/ UTJIbl JOJKHBI ObITh 3aKaJ€HbI 10 BHICOKOW TBEPAOCTH, OTIILIH-
(hOoBaHBI M OTHOJMPOBAHBI. 32 PyOEIKOM BBIMTYCKAIOT MTOJBYATHIC MMOAIMUITHUKA CO BCTPOCH-
HBIMH IMAPUKOBBIMU TOAMATHAKAMHE, ¢ PETYJHPOBKOM 3a30pa, a TaKKe ¢ BOZMOMKHOCTBIO HE-
KOTOPOM CaMOYCTaHOBKH.

CrouMoCTh TIOAIITUITHUKOB 3aBHCHT OT WX PA3MEPOB, KJIacca TOUYHOCTH, CIIOKHOCTH
KOHCTPYKIIMH, THUTIA CETapaTopa, MAaCCOBOCTH BBIMYCKA. ECIIM CTOMMOCTh paMaibHBIX OJTHO-
PAIHBIX TIAPUKOMOAIITUITHUKOB YCIIOBHO NPUHATH 3a €AWHHUILY, TO MOAIIAIHUKA CHEPHUUSCKUE
TOTO € AUAMETPA MUMEIOT MPUMEPHO Ty K€ CTOMMOCTh. YTIOPHBIE IIAPUKOMOAIIUITHUKA Ha
12...15 % nemeBne, paauaabHO-YIOPHBIE MOAMIMITHUKKA C JIATYHHBIM CEIapaTopoM H3-3a
CTOMMOCTH CemapaTopa U OTPAaHUUYEHHOTO BhIMyCcKa B 2...2,5 pa3a A0poxke, KOHUUECKHUE POJIU-
konoamumHukH Ha 30...70 % mopoxke, MATHHAPHYESCKHAE POJTMKOTIOAIMIUAITHUKN CO CTATbHBIM
CemapaTopoM B CBSI3W ¢ MajbIM BhIyckoMm B 1,2...1,6 pa3a mopoxke, cepruieckne poJImKo-
MOANTUITHUKK JT0poxe Ooiee ueM B aBa paza. COOTHOIICHUS CTOMMOCTEH MOIIIAITHAKOB, OT-
HECEHHBIC K TMHAMWYECKOMN IPy30I0bEMHOCTH, UHBIE.

CaMbIMU JCTIEBHIMU OKA3bIBAIOTCA KOHWYECKUAE POTUKOTIONIITUITHHKH.



CToMMOCTh TOJIIMITHUKOB KAYEHHs CYIIECTBEHHO PACTET C YBEIMUEHUEM Kilacca TOY-
HOCTH.

OOmue TeHIEHIMHA PAa3BUTHS KOHCTPYKUUH M TPUMEHEHHS TOIIMITHUKOB KAa4eHUS
CleAyIOLIHe:

1) pacmmmpenne obmacTu MPUMEHEHUS PaaHaIbHO-YIOPHBIX MOAMIUIHUKOB (B CBA3H C
POCTOM YacTOT BPAIICHHS BAJIOB);

2) pacmmpenue 00IacTH MPUMEHEHHUST POJIMKOBBIX MMOAIIMITHUKOB, YTO CBS3aHHO C 00-
[AM TOBBIIIICHAEM TOUHOCTH U3TOTOBJICHHUS M KECTKOCTH MAIIUH;

3) yBenmuueHue o0beMa MPUMEHEHHS TOJIIUITHIUKOB B CIICIUAIBHBIX 001acTsx Onaro-
Japs BBIMYCKY aHTUMAarHUTHBIX, aHTUKOPPO3HMOHHBIX, KAPOCTOMKUX, MAJTOIIYMHBIX U JIPYTHX
MOAIIUITHAKOB;

4) W3roTOBJICHHUE LEBIX MOAITUIMTHUKOBBIX y3JI0B, a TAKXKE TOIIMITHAKOB T€PMETH3H-
POBaHHBIX, CAMOCMAa3bIBAIOIINXCS U JIP.

4 TouHocTh NOAIHUITHUKOB KAYCHUA U MaTECPHAJIbl, IPUMCHACMbIC
AJIsA HX H3Ir0TOBJICHHSA

TouHOCTH MOAIMMITHUKOB KAYEHHUsSI OMPEACIACTCS TOYHOCThIO OCHOBHBIX Pa3MEPOB Je-
TaJiel MOAMMUITHAKOB W TOYHOCTBIO BPAIICHHUS.

TouHOCTH OCHOBHBIX Pa3MEpOB AeTajiel MOMITUITHUKOB OMPEACTACTCA OTKIOHCHUSIMHU
M0 BHYTPEHHEMY M HApPY>KHOMY JWaMETpaM W IMHUPHHE KOJIeH, a JJIA paaualbHO-YITOPHBIX
TTOAIIATTHUKOB — €ITIe W M0 00Imeld MOHTaKHOH BhicOTe. OCHOBHOE 3HAUCHHE UMEIOT OTKIIOHE-
HUS IO BHYTPEHHEMY M HapY>KHOMY JHAMETPaM, KOTOPBIE ONMPEACIAIOT XapaKTep MOCaIokK.

TouHOCTH BpamieHUsA TOMIUITHAKOB XapaKTePU3YeTCSd PaauajbHBIMH W OOKOBBIMHU
OMEeHHAMHU JIOPOXKEK KaueHWs, OMEHHSAMH TOPIIOB BHYTPEHHETO M HapykHOTO Koiem. Hawm-
OospIiee 3HAUCHUE UMEET TOYHOCTH BPAIICHUS BPAIIAIOIIETOCS KOJIbIla, B OOJIBITMHCTBE CITY-
YyaeB BHYTPEHHETO. bueHus Bpammaromerocs Koyibiia HeMmOCPEACTBEHHO MEPENAIOTCS HA BaJl.

[MTommunuyky KaueHWs B TIOPAIKE MOBBIIMICHWS TOYHOCTH BBIMYCKAIOT CIICIYIONTHAX
kiaccoB touHoctH: 0, 6, 5, 4, 2. JInd WUTIOCTPAllMi COOTHOIIEHUS TOYHOCTH TOAIIUITHUKOB
Pa3HBIX KJIACCOB HUXKE MPHUBEACHB MAKCUMAJIbHBIC 3HAUCHUN paAWalIbHBIX OMCHWM BHYTPCH-
HUX KoJel noamunHukos auameTpom 50...80 Mm:

kiacce tounoctu O 6 5 4 2
OueHHe, MKM 20 10 5 4 2.5

[Tpu MoOBBIIIEHHH KJTACCOB TOUHOCTH CTOMMOCTH MOANIAITHUKOB CYIIECTBEHHO BO3pac-
TaeT. J{nsa GoNbIIMHCTBA BAJIOB M OCEH O0IIETr0o Ha3HAUCHUS TPUMEHSIOT MOJIIUITHAKKE KJIacca
tounocTH (. B aBuanuu ucnonb3yrOT MONIAITHAKE 00J1e€ BBICOKHX KJIACCOB TOYHOCTH.

Kak mokazanu ombITHBIE WCCIENOBAHUSA, PECYpPC TMOIIMIMITHUKOB MOXHO CYIIECTBEHHO
NOBBICUTD (0oJiee UeM B JBa pasza) CHIXKEHHEM IIEPOXOBATOCTH MOBEPXHOCTH JOPOKEK U TEN
KQuCHUH.

OCHOBHBIMU MaTepHaliaMH I KOJIEI ¥ TeJI Ka4eHUs TOJIIUITHIUKOB SBIISIOTCS IIapH-
KOTMOAITUITHUKOBBIC BBICOKOyTIepoaucThie xpomucteie cramu X115 u IX15CT. Yucno B
0003HaUEHNH yKa3blBAET Ha cpenHee coaep:kaHue xpoma. CpenHee coiepikaHue yriepoaa —
1...1,1 %. Cranp [IIX15CT" comep>kuT DOMOJHUTENHHO KpeMHui U mapranen. [llupoko npu-
MEHAIOT TaK)Ke LIeMeHTupyeMmbie JerupoBanHbie ctanu 18XIT u 20X2H4A. Teeprocts koert
U POJIMKOB Tocie TepMooOpadoTku — 00sruHO 60...65 HRC5, mmapukos — 62...66 HRC,.



Jns paboTel B YCIIOBHAX BBICOKHMX TEMIIEPATyp MPUMEHSIOT TEIUIOCTOHKHE CTalH
OU347II v ap., mpu TpeOOBaHNY HEMATHUTHOCTH — OSPHILITUEBYIO OPOH3Y.

CenapaTopH MACCOBBIX IMOAIMIUITHUKOB U3TrOTABJIMBAIOT U3 MSITKOM yFJTCpOZ[HCTOﬁ crajliu
METOJIOM INTAMITOBKH. J[J11 BBICOKOCKOPOCTHBIX MOAIIUITHUKOB MPUMEHSIOT MACCHBHBIE CETia-
paTopbl U3 aHTU(PUKIUOHHBIX OPOH3, aHOJUPOBAHHOTO MIOPATIOMHHHUSA, METAUIOKEPAMUKH,
TEKCTOJINTA, OJMAaMHUI0B U APYTHX IUIaCTMAcCC.

B ycnoBusix ymapHBIX Harpy30K W BBICOKHX TpeOoBaHMH K OecmmyMHOCTH paboThl Ha-
YUHAIOT MPUMEHSATH TEJIa KaueHus u3 miactMacc. [Ipu 3ToM pe3ko cHMXKAIOTCS TpeOoBaHUA K
TBEPAOCTH KOJICIl U UX MOYKHO M3TOTOBJISITH U3 JIETKUX CILJIABOB.

S IIpyynHBI BBIX0/12 U3 CTPOS M KPUTEPHH pacyera MOAUIUIMHIUKOB KaUeHHs

Yemanocmnuoe evikpamnganue pabounx nopepxHocteii. [lepekaTsiBaHue Tea KaueHUs
10 KOJIbIIaM CBA3aHO C 06p330BaHI/IeM B NOBCPXHOCTHBIX CJIOAX KOHTAKTUPYCMBIX TCJI 3HAKO-
MEPEMEHHBIX HaNpsKEeHUH. J[eHCTBUE NepEeMEHHbBIX HANMPsHKCHUH, a TAK)Ke HAJTMYME KOHLIEH-
TPaTOPOB B BHUJIC€ MUKPOHEPOBHOCTEH MPUBOMAT K 00PA30BAHMIO HAYMHAIOIIMXCSA OT TTOBEPX-
HOCTH MUKPOTPCIINH. HOCJ'ICI[HI/IC PACKIIMHUBAIOTCA MPOHUKAIOIIUM B HUX CMAa30YHbIM Marc-
pHaJIOM, YTO INPUBOJUT K BBIKPALIWBAHUIO. BI:IKpaIHI/IBaHI/Ie HaUUHACTCA Ha AOPOKKAX Kaydc-
HUA Haudolee HaIpAKCHHBIX KOJICH, Y OOJIBLIMHCTBA IMOAIIMUITHUKOB — HA BHYTPCHHHUX, a Y
chepruecknx — Ha HapyXHBIX. Ha mapukax BeIKpalIMBaHWE HAUMHACTCA B HamOOIIee cliaboi
10 MEXaHWYCCKHM CBOMCTBAM 30HE BbIX0Ja BOJIOKOH IIPU INTaMIIOBKE WJIM IIPOKATKE. VYcra-
JIOCTHOC BBIKPAIIMUBAHUEC ABJIACTCA OCHOBHBIM BHJIOM BbIXOJA W3 CTPOA NMOAIIMITHUKOB, pa6o-
TArOWUX IMMPU 3HAYUTCIIbHBIX HAIPY3KaX B YCJIIOBUAX XOpOH.IﬁfI HU30JIA0HUH OT 3ar] pH3HeHI/II71.

Paspywmenue Koney u men Kauenua. V13 MexaHMuecKuX paspylleHHd Hambonee yac-
THIM SBJIACTCA CKAJIBIBAHUC 60pTOB Y POJHUKONOAUIMITIHUKOB, CBA3aHHOC € MCPEKOCOM KOJICII.
3HAUUTENIBHO PEXKe MPHU OONBININAX JMHAMHUYECKHAX HArpy3kax HaO0MaeTcs pa3/iaBiMBaHUE
KOJICH] ITaPpUKOIMOAIIUITHUKOB, IPOUCXOJAIICE 110 AHY >1<eno6a, WJIK pa3gaBJIMBAHUC HIAPUKOB.
[Ipu HOpMaNIBHOHN PKCIUTyaTalUMy PA3pyLICHHs 3JEMEHTOB MOIIIWIHUKOB HE JOJKHO MPOUC-
XOIUTh.

H3Hoc Koneu u men kauenua. Muorve MammiHbl paboTaloT B aOpa3uBHOM cpene, B Ya-
CTHOCTH T'OPHLIC, JOPOXKHBIC, CTPOUTCIIbHBIC MAIIWMHBI U MHOTHC APYTHC. HOHHJI/IHHI/IKI/I ITUX
MallluH pa60Ta10T CO 3HAUYUTEJIBLHBIM HM3HOCOM. M3HOC MNOAIIMUITHUKOB MOXHO CYHICCTBCHHO
YMEHBIIATh COBEPIICHCTBOBAHNEM KOHCTPYKIMM YILTOTHEHUH U CMA3KH.

Oobpasoeanue emamut Ha padouux nosepxHocmax (OpUHENTAPOBAHKE) TTPH THHAMH-
YECKUX Harpy3Kkax v OOJIBIINX CTaTHIECKUX HAarpy3kax 0e3 BpallieHHs TPH KaueHUH CBA3AHO C
MECTHBIMH TTaCTHUYEeCKUMU jaedopmarusivu. [Ipy OTCYyTCTBUM BpallleHHs YBETWUCHUE JIyHKH
CBSI3aHO C KOPPO3UEH W M3HOCOM OT MAJIBIX TIEPEMEIECHUI Ha TUTOMIAAKE KOHTAKTa MPH KOJIe-
0aHusAX, a PU BPAILICHWU — B CBSA3HU C yapaMH U Pa3BATBIIOBKOM.

Kpome paccMOTpeHHBIX BHIOB TMOBPEKICHUH TEM KA4CHHWS W KOJICI, HaOIIOIaroTCs
TAKKC. HABOJIAKMBAHUC HA TCJIa KAUCHUA MECTaJlIa CCIIapaTopa, OTIIYCK TCJI KaU€CHUA U KOJICI B
CBA3U C HCAONMYCTUMBIM IMOBBLIIICHHUEM TCMIICPATYPLI, IICIYIICHUC, CBA3AHHOC ¢ MCCTHBIMHU
nedexTaMu MaTeprasia; KOppo3us, CBI3aHHAs ¢ IPOXO0XKICHHEM DJIEKTPHUECKOTO TOKA, U T. 1.

3HAYUTEIBHBIN MPOLEHT BBIXO0JA U3 CTPOS MOJIINITHUKOB Ka9eHHUA, 0COOCHHO OBICTPO-
XOJIHBIX, CBS3aH C Pa3pyIICHHEM CEMapaToOpoOB.

Pazpymienne cenapaTtopoB BhI3BIBACTCS HMEHTPOOCIKHBIMHA CHJIAMH M BO3JICHCTBHEM Ha
cermaparop Tea kaueHus. Bo3aelcTBus Ha cenapaTop TeN KaueHusi OCOOECHHO CYIIECTBEHHBI B
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NOIIMITHUKAX, Pa0OTAIOMINX C OCEBOM HArpy3KOW WIIM TPeIBAPUTENIbHBIM HATATOM, KOTIA
Harpy>k€Hbl BCE Tella KaueHHs B MOJIIMMHMKE. Toraa Ttena KaueHus, MMes HEOJAWHAKOBbIHN B
npezenax J0MmycKa AMaMeTp, BPAINAIOTCs BOKPYT OCH Bajla ¢ HEOAMHAKOBOW CKOPOCTHIO, OKa-
3BIBAIOT HA CEMApaTop CHIIOBBIE BO3/ICHCTBHUS, H3HANIMBAIOT €T0 M CAMH MCTIBITHIBAIOT aBTOKO-
neGaHusA, CBA3aHHBIE ¢ HEN30EKHBIM MPOCKaIb3bIBaHHEM. Kitenanple mTaMmoBaHHbIE cemapa-
TOPBI Pa3PYIIAIOTCS MO CEYCHUAM, OCTAOICHHBIM 3aKJIETIKAMH, WA TIO TIEPEXOIHBIM CEUCHHU-
AM, TIOJICCUYCHHBIM IITaMIaMi. MaCCHBHBIE CETapaTopsl Pa3pyIIAlOTCs MOCIe U3HOCA TI0 TIe-
pPEeMBIUKaM WITH 110 OCNIabJICHHBIM CeUeHUAM. BO3MOXKHBI OTKa3bl MOAIIMITHUKOB M3-32 HApy-
IIEHUS. HOPMAJIbHBIX YCIOBUI CMa3KH.

CoBpeMeHHBIH pacdeT MOAIUITHUKOB KaueHHs1 0A3UPYIOT Ha IBYX KPHTEPHSIX:
1) pacuet Ha CTaTUYECKYIO IPY30MOABEMHOCTh - HA OTCYTCTBUE BMATHH,
2) pacder Ha JTUHAMHYECKYIO TPY30TOABEMHOCTh (BBIHOCIHBOCTD) — TIPEAYTIPEKIAAET yCTAIO-
CTHOE BBIKPAIINBAHHE.

6 Pacuer NOMIMHUITHUKOB KaYCHUA

OcHOBHO#M KpuTepuid pabOTOCIIOCOOHOCTH U TIOPAIOK MOAOOPa MOAIIMITHUKOB 3aBUCUT
OT 3HAUYEHUs YaCTOThI BpalleHUs Kojpua. [[oqIIMIMHUKN BBIOMPAIOT MO CTATHUECKOW Ipy30-
NOJBEMHOCTH, €CIIM OHM BOCIPHHUMAIOT BHELIHIOK HArpy3Ky B HEMOJBHUKHOM COCTOSHUHU
MM TipH MeieHroM Bpamernun (n < 1 mun™). Tlo muHAMAYECKON TPy30II0IbEMHOCTH MO/
OMpArOT MOMITUITHAKHY TIpu 1 > 10 mun’ , PaCCUMTHIBAS MX PeCypc MpH TpeOyeMor HaAEKHO-
ctu. [loammnaukn, padoTaronme mMpu 4YacTOTe BpaleHus i > 10 MuH~ v pe3ko MePEeMEHHOM
Harpyske, TaKkKe CIAeAyeT MPOBEPATh HA CTAaTUYECKOM rpy30moabeMHocTH [1-4].

[IpenBaputensHO HA3HAYAIOT TUIl U CXEMY YCTAHOBKM MOMIIMMHUKOB. [loammnauku
noAOHparoT /Ui 00enx omop Bajia. B HEKOTOPBIX U3AENUAX, HAIPUMEP B PEAYKTOpPaxX OOIIero
Ha3HAUEHUsA, TPUMEHSIOT MOAMIUITHUKA OTHOTO THUIA U OAHOTO pa3Mepa. Toraa moadop BhI-
MOJTHAIOT TI0 HauboJiee HarpykeHHo# onope. MHOTIa W3 COOTHOIICHHS PAUABHBIX U OCEBBIX
CHJI HEJIb34 3apaHee ¢ YBEPEHHOCTHIO CKa3aTh, Kakas omopa Oosiee HarpyskeHa. Torma pacuér
BEIYT MapaJICIbHO A 00€HUX OMOp A0 MOJMYyUYECHUS 3HAUCHUH SKBUBAJICHTHBIX HArpy30K, MO
KOTOPBIM M ONPEAEIAIOT 00JI€€ HArpy KEHHYIO OMOpY.

[Ipu BBIMONTHEHWH PACUETOB U KOHCTPYHUPOBAHUM TPUXOIUTCA MPUMEHATH METOJ TO-
CJIeIOBATEIBHBIX MPUOIMIKEHUH: BHAUAIe Pa3MEPhI MO IIIMITHUKOB, MECTA WX PACTIOIOKEHUS,
PACCTOSIHHSI MEXIY OMOPAMH M TOYKAMH TIPHIIOKEHHS CHJ HaMEUalOT HAa YepTexe MpuOIIH-
XKEHHO, 3aTEM TMOCJIe MoAO0pa WK MPOBEPKH MOAMIUIHAKOB YTOUHSIOT YEPTEK, a MPpU HEOO-
XOOUMOCTH — H PaCUET.

6.1 Pacuer NOJIIUITHUKOB KaYeHHUs M0 CTATHYEeCKOI rpy3onoaAb€MHOCTH

[lo cratuyeckod rpy30MOABEMHOCTH MOAUIMIHUKA MOAOWPAIOT COTJIACHO YCIIOBHUIO

i-4]

Cop < Co. (1)

rae Co — cTaTuuecKkas Ipy30noJIbeMHOCTh MOANIMIHAKA, B3ATasd U3 Karanora, H; Cy, — pac-
YETHOE 3HAUCHUE CTATHUECKON IPy30M0IbEMHOCTH.

[Tox momycTUMO# CTaTHUECKON TPYy30MOABEMHOCTHI0 MOHUMAKOT TAKYH) CTATHUYECKYIO
Harpy3Ky, KOTOPOH COOTBETCTBYET o0Imas octarouHas aedopMaiis Tel KaueHUs U KOJell B
Hau0oJiee Harpy )XeHHOM Touke koHTakTa, paBHas 0,0001 nuamerpa Tena KayeHuUs.
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PacueTHOC 3HAUCHUE CTATHUCCKOM Ipy30n0ABEMHOCTH ONPCACIIACTCA IO ABYM YCJIIOBH-
M

Cop= X +YoF, nm Cop =F; (1.6)

rne F, w F, — paamanbHas u oceBas Harpy3ku, H; X, u ¥, — koadpuumenTs paauansHoi u
0CEBOI HArpy3oK, 3aBHCAIINE OT THIA W KOHCTPYKUMHU moammunHuka (tabn. 1.1). PacyeTHsim
npuHUMaeTcst Haubombluee 3HaueHue Cop.

JUid ymopHBIX MOJIIMIHUKOB CTAaTHYECKYIO IPY30MOABEMHOCTh OMPENETAIOT CIEIYIO-
UM 00pa3oM:

C,, =F,S (1.7)

rae $=1,2...1,5 — ko duimeHT 3anaca.

Tabmuma 1 Koagdunmentsl paanaibHOi 1 0CEBOH HATPY30K

THOBI MOAITAITHIKOB Xo Yo

[[TapukoBsie paaualibHbIC 0.6 0.5
[[TapukoBsie paguabHO-YTIOPHBIE C YTJIOM KOHTAKTa:

o =12 0.6 0.5

o« =20 0.5 0.37

% =6 0.5 0.28
[[TapukoBsie cheprueckre U POTMKOBBIC PaaHaIbHO-
YIIOPHBIE KOHUUECKHE 0.5 0.22ctgal

6.2 PacueTr NoAIIMIHUKOB M0 JHHAMHYECKOIl IPy30M0IbeMHOCTH

6.2.1 O0mme moJI0KeHus

[MoammnAankM ToAOUPAIOT TIO YCIIOBHIO

Cp <C_, (1.8)

riae C, — pacyeTHOE 3HAYECHUE TMHAMUUYECKOH rpy3onoabeMHocTy, H;
C, — IMHAMHUYEeCKas TPy30IM0AbEMHOCTb MOAIMIHUKA, B3STasl U3 KaTtajora Wik pacCuuTaHHast
10 AMIUPHYECKUM 3aBUCUMOCTSIM.

Pacuer ocHOBaH Ha M3BECTHOM YPaBHEHUM KPUBOH yCTAIOCTH

P’L=C", (19)
rne P — skBuBanieHTHas Harpys3ka, H; L — pecypc B MILTHOHAX 000poTOB (MJTH. 00.); p — TO-

Ka3areyb CTETEHH, PABHbIH TS MIAPUKOIIOAITHITHAKOB TPEM, T POTUKOMOAMHMITHAKOB 10/3.
[Tpu m3BecTHBIX (Ww paccuuTanubix) P u L u3 cootHouenus (1.9) MokHO onpenenuTts

JUHAMUYECKYIO TPY30M0ABEMHOCTb

c,=|—|'pP (1.10)

12



M TI0 Hell U3 Karajaora BBI6paTB NOAXOAAIIMHN MO KOMIIOHOBKE TTOAIIUMHUK WA T10 Pu CR pac-
CUHUTATh BO3MOIKHBIN JJIsA BLI6paHHOF 0 3dpaHCC MOALUIMUITHUKA PECYPC

c.\
L=a1a23(?] (1.11)
Y CPABHUTH €r0 C 3aaHHBIM.
Pecypc B MitH. 00. L w gacax Ly cBA3aHBI COOTHOIICHUEM
_ 60nL,
TR (1.12)

%
TJe 71 —9acTOTa BPALICHUS, MUH .

B Boipakenmsx (1.10) u (1.11) a; — xo3pduument, BBoaAUMBbIH npu HEOOXOAUMOCTH T10-
BHIIIICHUS HAJCKHOCTH (Tabmuia 2).

Tabnuna 2 3nauenus kodrhduimeHTa HAAEKHOCTH
Hanexnocts | 09 | 095 | 0,96 | 097 | 0,98 | 0,99
a; 1 [062 053|044 | 033 | 0,21

KoadduimenT a,; yanTeiBaeT kadecTBO MaTepHaja MOANIMITHIKOB, CMAa30UHBIH Mare-
pHaJl ¥ yCI0BUS 3KCIUTyaTauuu. PEKOMEHAYIOTCS TPU BUAA PACUETHBIX YCIOBHIM:
1) oObruHBIE YCTOBUS,
2) OTCYyTCTBHE MOBHIIIEHHBIX MEPEKOCOB M HATMUNE MACIITHOMN MJIEHKN B KOHTAKTaX;
3) Te ke, 4YTO U B 2), HO MPH U3TOTOBJICHUH KOJIELl M TEJl KAUEHUS M3 AJIEKTPOLLIAKOBOW WU
BAKYYMHOU CTAJIH.

3HaueHus K03(PPHUIMEHTA @3 TPUBEIEHBI B Ta0. 3.

Tabmuma 3 3rauenus ko UITMEHTa KauecTBa MaTepHasia IO IITHITHHKOB

Ycnosus
Tun nogmmImHAKA
1 2 3

[TapukonoamumHUKH (Kpome chepUuIECKrX ) 0,7...0,8 1,0 1,2...14
PonukomoAmmImHuKe TATHHAPHICCKIE 1

IITAPUKOTIOIITHITHAKH CHEPHUSCKUE 0,5...0,6 0,8 1,0...1,2
PonukonoAIMIMHUKNE KOHUYCCKHE 0,6...0,7 0,9 1,1...1,3
Ponukonoammnanku cepruueckue 0,3...04 0,6 0,8...1,0

OKBUBAJICHTHYIO Harpy3ky P Uil pa3lW4yHBIX TUIOB MOJIIMITHUKOB OIMpPEAEAIOT MO
clenyroIuM Gopmysam:
JUTSL paarajIbHbIX

P=VF, K,K,; (1.13)
JUIA YIIOPHBIX
P=F,K,K,; (1.14)
JUIA paauaibHO-YIOPHBIX
P=(XVF,+ YF)K:Kr, (1.15)

rae F, u F, — pamnaneHas u oceBas Harpy3ku, H; V — koaddurment Bpamenus (mipu Bparie-
HUHM BHYTPEHHETO KOJIbIIa OTHOCHTEIIHO BeKTOpa Harpy3ku V = 1, HapyxHoro — V = 1,2);
K; — xo3pdunmenT 6€30MacHOCTH, YUUTHIBAIOIINI XapakTep HArpy3ku (CMOKOWHAs Harpyska
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Ks =1, ¢ ymepennsimu tomukamu Ks= 1,3...1,8, ynapuaas Ks = 2...3); Ky — TemneparypHsbiid
kod(pdument (Kr=1 npu t < 125 °C u Kr=1,05; 1,1; 1,25; 1,4 coorBeTcTBeHHO IpH t = 125,
150,200 u 250 °C; X, Y — k0>(pdHIHERTH PaAdaibHON M OCEBOM HArPy30K (ONPENENAIOTCA 110
CIpaBOYHHUKAM WK 1O hopmyam (tadm. 4)).

Taomuna 4 Kosddunmentsl paguanbHOM U 0CEBOM Harpy30k

OpHopsiiHbIE TOIIUITHUKU
VYron koHTak- |OTHOCHUTENbHAA L s,
Ta X’ narpyska F,/C, Vv F vV F, €
v |r-I2X| x y =X
[[TapukoBbIe paguanbHbIE
0,014 2,30 0,19
0,028 1,99 0,22
0,056 1,71 0,26
0,084 1,55 0,28
0 0,110 1 0 0,56 1,45 0,30
0,170 1,31 0,34
0,280 1,15 0,38
0,420 1,04 0,42
0,560 1,00 0,44
[ITapuKOBbIE paiuaIbHO-YIOPHBIE
0,014 1,81 0,30
0,029 1,62 0,34
0,057 1,46 0,37
0,086 1,34 0,41
12 0,110 1 0 0,46 1,22 0,45
0,170 1,13 0,48
0,290 1,04 0,52
0,430 1,01 0,54
0,570 1,00 0,54
0,015 1,47 0,38
0,029 1,40 0,40
0,058 1,30 0,43
0,087 1,23 0,46
15 0,120 1 0 0,44 1,19 0,47
0,170 1,12 0,50
0,290 1,02 0,55
0,440 1,00 0,56
0,580 1,00 0,56
20 - 1 0 0,43 1,00 0,57
25 0,41 0,87 0,68
30 0,39 0,76 0,8
35 0,37 0,66 0,95
40 0,35 0,57 1,14
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PonnkoBbele KOHMUYECKHE OOHOPAAHBIC
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6.2.2 Pacuer Harpy3kH Ha NOAIIHUITHUKH

Cunebl, neficTBYOIIME HA BaJIbl U NEPEJAIOIINECS 3aTEM Ha OMOPbI, BECbMa pa3Hoo0Opas-
HBI TIO CBOEH MPHUPOAE. ITO MOTYT OBITh CHJIbI, BOSHUKAIOIINE B 3AlCTIICHHH 3y0UaThIX Tepe-
Jad, CHJIbl WHEPIMH, THPOCKOMMMYECKHE MOMEHTBI, CHIIBI OT JIOTIATOYHBIX YCTPOHCTB (KOM-
npeccopa, TypOuHBI, BUHTA), BeC U T.1. [Ipu pacuére mOMIMMITHUKOB CUATACTCS, UTO BCE JCH-
CTBYIOILIME CHUJIbI OMPEIENIEHBl MO BEIMUYMHE M HAMPABJIEHUIO, a TAK)KE M3BECTHBI TOUKH HX
MPHIOXKCHUA. ECIM HampaBlieHHEe KaKUX-TO W3 ICHCTBYIOMIMX CHJI 3apaHee HEM3BECTHO (Ha-
NpUMeEp, OT COSAUHHUTEIBHBIX My(T), TO pacCMaTPUBAIOT HAaWOOJIee OMACHBIM A1 PabOTHI
NOAIIMITHUKOB BapuaHT. Bo3MoskHas ommbka mMpu 3TOM MPUBOAMT K MOBBIIICHUIO HAAEKHO-
CTH.

Tak, Hanpumep, MPU MPOEKTUPOBAHUH OMOP 3y0UaTHIX Mepeaad UCXOAHBIMH JUIS Ofl-
peneseHus Harpy30K Ha MOAUIUITHAUK SABJISIOTCS TaKWe CHIIbI: HOpMasibHas F, W cunma TpeHus
F,,,. Cunamu TpeHus B 3all€NJIEHMH NPEHEOpEraroT, Tak Kak KO3(POHUIMEHT TPEHUS MEKTY
XOpOIIO CMa3aHHBIMHU M YUCTO 00paboTaHHBIMU 3yObaAMHu BecbMa Mait. s ymoOcTBa pacue-
TOB HOPMAJTbHYIO crTy I, pacKiapIBalOT Ha COCTABIISIIONINE: B OOIIEM CiIydae — PaJHalibHYIO
F,; oxpyxuyto Fy, ocesyio F,.

Cocrapnsronye HOPMaJIbHOW CHITBI MOKHO PACCUMTATh MO CIIEAYIOIINM (hOpMyIIam:

JUTA LMJIMHIPUYECKUX MPAMO3YObIX KONEC

2T F ,
F,=—%; F,=Fupo,; F,=———; F, =0, (1.16)
d,, cos 0 ,,
JUTS TTAJTAHIPUIECKUAX KOCO3yObIX KOJIEC
2T F,tgo F,
F,=21; p, =22 . p _Fuge; F,=——"——: (117
d,; cos ¢ cosa,, coseé,,
JUTSl KOHUYECKUX MPAMO3YObIX KOJIEC
Fy =210y = Fytgo cosiy; Fy =———; Fyy = Fytg6,sin0;;
d,, cosb ,
Fo,=F,; Fp,=F,; F;=F;; (1.18)
JUIA YEPBAYHBIX Nepeaay
21, 21 F,=F,=F,tgo 1.19
F”=Fa2=d—; Fo=F,=—=; rl r2 »180,, , ( : )

1 2
rae Ty u T, — Bpamaronyie MOMEHTHI Ha BEAYIIEM W BEAOMOM Bajiax; d,; — HAUaJbHBINA M-
MeTp 3ybuatoro kosieca. Eciu 3auensienue He CMEIIeHHOe, TO d,,; PaBeH JIEJIMTEIbHOMY J1a-

MeTpy d; Komeca; @, — Yroj 3allenienus (ecu HeT cMemenud, 10 0, =6, =0 = 20°);
B— yron nakmona 3yGbe (B =7...20°); O;— yroi HayaabHOro KOHyca BEIyIIEro Koieca
(0, =arcctgi; i=dyd,;=ZyZ;=2...5); d,,— cpennuii TMaMeTp KOHUYECKOTO KoJeca.

CUHTarOT, YTO COCTABIIAIONINE HOPMAITBHON CHJIBI IPWJIOKEHBI B TIOJIOCE HA CEPEIUHE
3y0uaroro BeHna (Uit KOHHIECKUX KOJIEC — HA CPETHEM JHAMETPE d,y).
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MaxkcumanbHOe 3HaYEHHE CHJIBI TSITH BHHTA F, paCTSH‘I/IBaIOH_[eﬁ BaJl, IIpu pa60Te BHH-
Ta Ha CTApPTC ONPCACIIAOT U3 BIPAXKCHUA

Py .n
F=3.6-103%, (1.20)

rne Py, — momuocte nsurarens, kBt; 7, = 0,65...0,85 — KIIJ] BunTa; V' — ckopocts monera
camonera (V = 350...750 xm/q).

Jlima mByXITOTacTHOTO BUHTA TMPOCKONMMYEecKHii MOMeHT M, BOSHUKAIOIIUH TIPH SBO-
JIIOIIAA CaMOJIETa,

M, =2Jo2sinasin f
rie J — MOMEHT MHEPIMH BHHTA OTHOCHTEIBHO OCH BPAIIEHHMA, KI'M”, @ — YIIOBas CKOPOCTH
BpAILlICHUS BaJia BUHTA; (2 = Be& _ CpenmHss YIJIoBas CKOPOCTh BPAIICHHS CaMOJieTa B TPO-

V
CTPAHCTBE, M, — KO UIMEHT meperpy3ku (1 maccakXMupPCKux camoneros ny = 1,5..2); V' —
CKOPOCTH TOJIETa TIPH SBOMIOLMHA, M/C, g — YCKOPEHHe CBOGOIHOTO MafeHus, M/c’; & — yron
MOBOPOTA BHHTA, OTCUMUTBHIBAEMBIH OT IJIOCKOCTH BpalleHUs camojiera (m3mensiercs ot 0 1o
180°);, B — yroa Mexmy OCIMH BPAIlIEHUS BUHTA U CAMOJIETa.

pu o = B = 90" TEPOCKOMMUECKHI MOMEHT [UIS IBYXJIONACTHOTO BHHTA HMEET MAKCH-
MaJIbHOE 3HAUEHUE!
M =2Jw Q)

2max
Jlst BUHTOB ¢ TpeMs U OoJiee JIONacTAMU TMPOCKONMMYECKHIT MOMEHT (MAKCHMAJTbHBIN )
BBIYHCIIAIOT 110 3aBUCUMOCTH
M, =JoQ,
MoOMEHT MHEpLMN BUHTA MOXKET ObITh HAWJAECH Yepe3 Maccy W PaJuyC WHEPLUU BUHTA

J=mr?. Pajmyc wHEpUMH ONpenensioT uepes Hanbonbmmii paguyc nonactu T = €R . Ko-
>QPUIACHT & IS Ty PATFOMHUHOBBIX JIOTTACTEH MOXHO TPUHATH paBHBIM 0,35...0,4.

[TomoOHBIM 00pa30OM PacCUMTHIBAIOTCS M IPYTHE CHITBI, TEHCTBYIONINE HA BAJBI.

Jlia moAMMITHUKOB, pabOTAOIIMX MPU TMEPEMEHHBIX PEKMMaX HarpysKeHUs, 3a/aBae-
MBIX LWKJIOTPAMMON Harpy30K M COOTBETCTBYIOIMM STHM Harpy3kaM 4acToTaM BpaLICHHS,
BBIUMCIIAIOT SKBUBAICHTHYIO IHHAMUYECKYIO HArpy3Ky

JP L+ P Ly+..+PL,
L+L,+..+L,

P, = , (1.21)

rae P; m L; — mocTosiHHAs SKBUBAJICHTHAS Harpy3ka (paawajbHAs WM OCEBas) Ha i—TOM pe-

KAME U MIPOJOIDKATENTBHOCTh €€ AeHCTBHA B MJIH. 00. EciM MpoIo/KUTENbHOCTD 33aHa B Ya-
60 n; L,

cax, TO €€ MepPeCUMTHIBAIOT Ha MJTH. 00. C YUETOM YacCTOTHI Bpamienus: L; = —— .

10°

H3BecTHO, 9TO pekuMbl pabOThl MAIIWH C MEPEMEHHON HArpy3kKOil CBEICHBI K IIECTH
TUNOBBIM pexxuMam Harpyxeanus (cm. [OCT 21354-87 "lTlepenaun 3y6uarbie MHIUHIpAYC-
CKHE YBOJIbBEHTHBIC BHEIITHETO 3aleiuieHus. Pacuér Ha npouHocts"): 0 — moctostHHOMY, 1 —
Tskénomy, II — cpennemy pasHoBeposiTHoMmy, [ — cpennemy HopManbHOMY, IV —nérkomy, V
— ocobo merkomy. JlJis TOAMUITHAKOB OMOP BajOB 3y0YaThiX repeaad, paboTaronmX MpH TH-
MIOBBIX PEKUMAX HarpyXeHHs, pacuéTsl yJA0OHO BECTH ¢ TOMOIIbIO Ko3(duimenTa rKBruBa-
nenTHocTH K (Tabmmma 5).
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Tabauna 5 Koaddunment sxBuBaieHTHOCTH Kp
Pexxum paboTsl 0 I II 111 v \Y
Kg 1 0,8 0,63 0,56 0,5 0,4

2

Torna >KBUBAJICHTHBIE HArPY3KW HAXOJAT MO MU3BECTHBIM MAKCHUMAJIbHBIM, JIUTEIBHO
JNCHCTBYIOIIAM CHJIaM (COOTBETCTBYIOIIMM MAaKCHMAJIBHOMY W3 JUIATEIIHHO MEHCTBYIOIIHX
BPAIIAIOIIEMy MOMEHTY ):

Fr1= KE Frlmtm E2= KE Ferax) FA = KE FAmax; (122)
Y 110 HUM BEIYT PAcUYET NOALIUITHUKOB, KaK MPU MOCTOSAHHON HArpy3Ke.

6.2.3 OnpeneneHue peaKknuii B 0mopax

Jlna pacuéra paguaibHBIX B OCEBBIX PEAKIHMA B OTIOpPaX BaJl 3aMEHSIOT OAIKOW Ha IIap-
HUPHO-TIOJIBUKHBIX OMOPaX WK OaJIKOW ¢ OTHOM MIAPHUPHO-TIOABMXKHON M OJTHOW IIAPHUPHO-
HENOJIBUKHOW onopoi. Eciii B 01HOHM OMOpe YCTaHOBJIEHHI J1BA MOIINITHUKA, TO 3a/1a4a OKa-
3BIBACTCS CTAaTHMUECKW Heompenenumoi. ToyHoe pemieHue 3TOH 3aadu BeCbMa 3aTpyIHU-
TEJbHO, IO3TOMY B MH)KEHEPHOW MPAKTUKE OOBIYHO OCHOBBIBAKOTCA HA YIPOIIAIOIIMX MPE-
TTOCBLTKAX.

[IpyHuMarOT, 4TO paguasbHbIE PEAKIHMH MPUIIOKEHB K OCH BaJla B TOUKAX Iepeceye-
HUs C HEW HOpMAJIEH, NPOBEJCHHBIX K CEPEIMHAM KOHTAKTHBIX IUIOLIAJ0K HA HAPYKHBIX
KoJplax. (s paauanpHBIX TOAMIMITHUKOB 3Ta TOUYKA HAXOAUTCS HA CEPEVHE MX IIUPHHBI, a
U1 PaIAAIBHO-YIIOPHBIX IAPHKOBBIX M POJIMKOBBIX PACCTOAHUE @ MEXKAY 3TOW TOYKOH H
TOPIIOM TIOIIIMITHUKA MOXKET OBITh ONPEIENEHO TPahUIECKH WIIA aHATUTHYECKU:
TMOJIIUITHUKA IIAPUKOBBIE PAANAIBHO-YIIOPHBIE OJI- Loe

HopsinHbIe (puc. 1.6, a) I 05L=
a=0,5/B+0,5(d+D)tgal, ’T _
MNOAIINITHUKA POJIUKOBbIE KOHMYECKHE PaauaIbHO- ‘
ynopHsie ogHOpsiaHbie (puc. 1.6, 6)
a=0,5[T+ e+ D)/3].

[[Inpuny kosbua B, MOHTaXHYIO BbICOTY T, a
K03(pPULIMEHT OCEBOr0 HArpyXeHUs €, Yroil KOH- Q N[ R
TakTa @, iuaMeTpsl d u D MpUHUMAIOT 1O KaTaory. = -

CMelleHneM TOUYKH TPUI0KEHUS PaauaIbHON ;
peakiuu 0OYCJIOBIEHO OTJIMYME PACUETHOTO Pac-  je—r -
crosiaus Mexay onopamu L' (puc. 1.7) ot paccros- B T
HUSI MEXy UX cepeauHamu L. 9 6

PagmnaneHble peaknuu omop ONPEnenstoT U3
YPABHECHUS PABHOBECHUA. CYMMa MOMEHTOB BHEIITHUX
CHJT OTHOCHUTENIBHO OJHOW OMOPHI U MOMEHTA PEAK-
WU B APYTOH OMOPE paBHA HYJIO.

Paccmotpum Hambosiee XapakTepHbIE Cllydyau, ¢ KOTOPbIMU CTAJIKUBAETCS KOHCTPYKTOP
MIPU ONPEJIEIICHUN HATPY30K, ACHCTBYIOIIMX HA OMOPHI BAJIOB 3yOUaThIX mepeaau (Bajibl Ipy-
rUX MEXAaHWU3MOB, HAMPUMEP KOJEC YEPBAYHOW MEpeNavyn, MOXKHO CBECTH K MOAOOHBIM CXe-
Mam).

Puc. 1.6. Pactionoxenne Toukna
NPUIOKEHUSI PAAUAIIBHON PEAKIUHA
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Puc. 1.7. PacuétHoe paccTossHHE MEXITY OTIOpPaMH

Bruvanue! J[isi Koppexmno2o ucnone308anus NPUGEOeHHbIX Huxdce Gopmyn cieoyem
paccmampusaemviti 8ajl NPUSECMU K MAKOMY Jce NOPsIOKY PACROIONCEHUsT ONOP U 3Y0UaAmbIX
konéc. Tax, nanpumep, 6 ciyyae 4 (puc. 1.11) ucnonvsosana nocieooeamenvnocms (creea Ha-
npaso): onopa A — ompe3ox a — uecmepis 6mopoil cmynenu— ompesox b — xoneco nepeoii
cmyneHu — ompe3sox ¢ — onopa B. Ilpumenenue 3asucumocmeii (1.23) ons nopsoxka: onopa A —
OmMpe30kK d — KOeco nepeoli CMynenu — ompesok b — uecmepus 6mopoi cmynenu — ompe3ox
¢ — onopa B, oacm negepueie pe3ynvmamei.

1. Ha Bany ycranoBieHo kKoco3yOoe imuHapraeckoe koeco (puc. 1.8) (3mech n nanee
pasMepsl — a, b 1 ¢ — onpeAeeHBI TI0 YEPTEKY MPOCKTHPYEMOTO y371a):

<
Il

d
F,—:R,=F,;
2

F.b+ M | F,b . 7 a2 .
RAB = — RAF = f 5 RA= RAB+RAF’

L L
F,a-M F,a
Ry = T5 Ry = It, ; Ry=Rpz+ Ry . (1.23)

Ecnu xoneco npsamozyboe, To F, =0 u M = 0.

Ecnu B pesynbrare pacuéra kakas-To W3 HAMJICHHBIX PEAKIIANA OKAXKETCS OTPUIATENb-
HOM, €€ clieTyeT HAMPaBUTh B MPOTHBOIOJIOXHYO CTOPOHY.
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Puc. 1.8. Cxema Bana ¢ koco3yObIM 3y0UaThIM KOJIECOM

2. Ha Bamy ycraHOBJIeHBI KOCO3y0O€ MMJIMHAPHUECKOE KoJieco HW moiymydra
(puc. 1.9):

d
M =F,—/—.R =F,
2
R, = ”%M; R, =Ftb'L¢; R,=R,+R%,
F,a - M Foa+ F,(L+c ;
Ry = —=i Ry = I‘Lf( ) R, =[R2, +R2, . (124)

Ecnu koneco npsamo3syboe, To F, =0 u M = 0.

Benuuuna cunsl F); 3aBUCHT OT TOUHOCTH M3TOTOBJICHUA M MOHTAXKA 3JIEMEHTOB Bajia U
mydter. O6srano Fy, = (0,1...0,2)F, A/4 e Foy— OKpY KHas CHJja, orpenesieMas B 3aBUCUMO-
crtu ot tuma  wmydrel. Tak, gma mMygThl  ynpyrod  BTYJIOUHO-TIATBIEBOM

’

F, = 2T/D, tne D — muameTp, Ha KOTOPOM PACIOJIOKEHBI MAJIBIBI, I MyQThl 3yOuaroi
F, =2T/mz, rne m u 7 — MoayJib ¥ 4UCIio 3yObeB U T.1. HarmpaBieHue 3Tol Cuiibl TOKE 3apa-
HEE HEU3BECTHO, MO3TOMY OHA HANPaBJICHA TaK K€, KAK U OKPY>KHAs CHUJIA, MOCKOJIbKY B 3TOM

CJIydac Harpyska Ha O AIMAITHUKA 6yz[eT MaKCHUMAaJIbHOH.
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Puc. 1.9. Pacuérnas cxema ¢ yu€ToM ycuaus oT MyTs

3. Ha Baimy KOHCOJTbHO YCTaHOBJICHO MPsAMO3y0oe KoHMueckoe koseco (puc. 1.10):

M = F dT’";Ra=Fa;

a

F.c-M F, (a+b)-F,c . 2 2
Ry =t M. p Eulatb)=Fe. p _ [R,+R) :

b b
M -F,L . F,L—-Fya. 12 ;

AN

Puc. 1.10. Cxema Bana ¢ npamMo3yObiM KOHHUECKUM KOJIECOM ; T
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4. Ha Banmy yCTaHOBIICHBI MPsIMO3yOble KOHHUECKOE ¥ ILIMIMHAPUYECKOE Kojeca — Mmpo-
MEXYTOUYHBIH BaJl KOHUUCCKO-IIMITHHAPUIECKOTO peaykropa (puc. 1.11):

Fu g ;Jr J

Far
a b e
1,

R M Rg

Rl Jry [P T B 2
B

pAaN
/777 Fuu T f@»g“&

Puc. 1.11. Cxema Basia ¢ TWTHHAPUUESCKUM U KOHHYECKUM KOJIECAMU
d”ll(
M=F, 2% R=F:
aK 2 a

ak >

F,(b+c)-F,c+M F,a-F,(a+b)-M (o7 a7 .
R, = ( )I 5 Ry = I( ) ;o Ry=yRiz+R,;

Fub+9d+Fuc. p _ wd + Fu(a+b) R.=+R> +R>. 1.26
—L > BI L > B BB BI ( )

R, =

5. Ha Bany ycTaHOBIJIEHO Ba KOCO3YOBIX IMHJIMHAPHUYCCKAX KOJIECA — MPOMEIKYTOUHBIH
BaJ pa3BEpHYyTOrO peaykropa (puc. 1.12):

d d.,
MK=FaI\‘ ;K; Mm=Fam%Ra=Fam'th;
F, c—F, (b+c)+M, +M, F, (a+b)-F,a-M,-M,_ 2 2 .
Rp= (bL) > Rpp= ) I ; Ry=+Rp+ R ;

Fob+9+F,c. p _FuatF,(a+bh. R.=JR. +RE. (127
—L > BI' L > B BB BI' ( )

Ecnmm ob6a womeca mpsmo3yObie, To B BhipakeHusx (1.27) HeoOXoauMo TpH-
wars Py =F,, =0u M =M, =0.

R, =
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Puc. 1.12. Cxema Basia ¢ 1ByMA LIMJIMHIPUYECKUMHU KOJIECAMH

6. Ha Bayly ycTaHOBIICHO JBa MPAMO3YOBIX IMMIMHAPHYICSCKAX KOJIeca — MPOMEKYTOU-
HBIH BaJl COOCHOTO peaykropa (puc. 1.13):

F, c+F, (b+ F_(a+b)+F,
Rp= = LM(b C); Ry = uf? L) =2 R, =VR/ZJB+R/21F ;
_ F.a-F, +b
Ry =09 Fuc, g, et Tu@D . oo R R (128)
tK .
FrK FI‘IE/‘ d
$ 'WIIIT
A
/757 o Y%
a b c
L
Ra T _~ T Ry
R “r o Rap
AB Rar K i t Rgr
A B
= ~ 57
/777 FtK /

Puc. 1.13. Cxema npomMexyTOYHOTO Bajia COOCHOTO PeAayKTopa
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OceBblie peaknuu B ONOPax MO BEIMUYAHAM W HAMIPABJICHUSAM 3aBUCAT HE TOJIBKO OT Be-
JUYWH W HAPABJICHHS BHEITHUX HArpy30K Ha Bajl, HO U OT CXEMbI OMOP, THIOB IO IITUITHAKOB
W HaJau4us MpeaBapUTENbHOrO Harsra. [Ipu ycraHoBKe Baja Ha JBYX PaJMAIIbHBIX IIAPUKO-
BBIX WM PaAvalIbHO-YMOPHBIX MOJAIIUIHUKAX HEPETYJMPYEMbIX THIOB oceBas cwia F,, Ha-
TPy Karomias Mo IIMITHAK, PaBHA BHEITHEH oceBoi cuie Fy, aecTyromieit Ha Basi. Cuty Boc-
MPUHUMAET TOT MOJAUIUIHHUK, KOTOPBIH OTPAaHUYMBAET OCEBOE MEpPEMEIICHNE Balla MO AeHCT-
BUEM 3TOM CHUJIBL.

IIpu pacuere peryaupyembix paau-
AIbHO-YTIOPHBIX TOIITUITHUKOB HEOO0XO1u-
MO YUYUTBIBATh, YTO B HHUX MOJ JAeHCTBHEM
paavialibHOM Harpy3Kd BO3HHUKAKOT OCEBBIE
cwisl Fy, (puc. 1.14, a, 6). 3HaueHus >TUx
CHJT 3aBHUCST OT THIIA TIOIIMITHAKA (IIapH-
KOBBIH, POJTUKOBBIN), YIJIOB HAKJIOHA KOH-
TAaKTHBIX JIMHUWA, 3HAUYCHWUW paJdabHbIX [
Harpy3oK, a TaKkKe OT TOTO, KaK OTperyJiu- i | F,
poBaHbl MOMMUMHAKK. Ecnu oHM coOpaHbl |
¢ OOJIBIIINM 3230pOM, TO BCIO Harpy3ky Oy- y B
JET BOCHPUHUMATH TOJBKO OAWH WM JBA a
mapuka (WA POJHKA), TIOATOMY OOJbIIHe 6 /
3a30pbl HEAOMYCTUMBI. OOBIYHO TOAIITHUTI-
HUKW PETYJIUPYIOT TaK, YTOOBI OCEBasi Urpa
MPU YCTAHOBUBLIEMCA TEMIEPATYPHOM pe-

kuMe Oblta Onm3ka K Hysro. B aTom cioydae
paauanibHas CHJIa BOCTIPUHUMAETCS TIPH-
MEPHO TIOJIOBUHOM TENl KAYCHWs M 0CCBAA  Pyc. .14, K OmpeneaeHHIO OCEBOR CHIIBL

cocTapiAOmIas, papHas e'F,, IpeacTaBisaeTr , DPaAMATHHO-YTIOPHBIX MOIIHITHIKAX
co0Ol MHUHMMAJIbHYIO OCEBYIO CHITY, KOTO-

pas JOJKHA JEWCTBOBATh HA PAAAAIBHO-YTOPHBINA MOAMWIHAK MPHU 33J]aHHON PaJAAIbHON
cunie: Fypyin=e'F, (e' — kordpuiimeHT MUHUMAaIbHOW OCEBOW HArPYy3KH).

Jna wapuxoevix paouanvHo-ynopHulX TOAIIUIHUKOB C YIJIOM KOHTakTa MeHee 18°
JEHCTBUTEIBHBIN YTON KOHTAaKTa OTIMYACTCS OT HAYAJIbHOTO, TIOITOMY €' ONpEeAeNsioT IO
dhopmynam:

o

0,195

JUISL IOIIMIHKUKOB ¢ YIJIOM KoHTakTa 12° ¢’ = 0,563 —— ;
C .
[
0,136
F

JUIS TIOIIAIHKUKOB ¢ YIJIOM KoHTakTa 15° ¢’ = 0,579
o

Ecnu yron 6onee 18°, e'=e u Fyppip = eF, (e cM. B Ta0OM. 4).

Jlnst konuyeckux poauxo6vix MOAMMUIHAKOB F iy = 0,83eF .

Od4eBUIHO, UTO AJIT HOPMAJIbHOM pabOThl PETYJIMPYEMbIX MOIITHITHAKOB OCEBasi CHIIA,
Harpy>karoias MOAIIMITHAK, Ha KKI0W OTope AOJKHA ObITh OOJIbIIIE MUHUMAJIbHOM, TO €CTh
JIOJKHO BBIIOJHATHCA yenosue Fy, > Fi,. KpoMe TOTO, MOMKHO OBITH BBITIOJTHEHO YCIIOBUE
PaBHOBECHS BaJia — PABEHCTBO HYJIIO CyMMBI BCEX OCEBBIX CHJI, ACHCTBYIOITHUX HA BaJl.
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Hanpumep, nna cxemsr Ha puc. 1.15 Fy + F,; — F,; = 0. [l Hax0oXACHUS PEIICHUS
MPUMEHSIOT METOJ TOMbBITOK: MPEABAPUTEILHO OCEBYIO CHJIYy B OJHOW M3 OMOP MPUHUMAIOT
PaBHOW MUHUMAJIBHOM.

F o .f,", b o //.'/:

l K

.o-.- FIFY FYErrery --.u. \\‘3 \\. Yl P
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. - r AL
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Puc. 1.15. K onpeneneHuio 0ceBbIX peakiivii B pe-
TYJIHPYEMBIX PaIHabHO-YITOPHBIX MO IIIHITHAKAX

[Tycts F,; = e'F,;. Torna u3 ycnosus pasuosecusi F,,= F + F,; = F, + e¢;'F,;. Tlpose-
psem ycnosue F, > F,,;, nna sropoi onopwl. Ecmu F,; > e,'F,;, TO OoceBbie CHIIBI HAHICHBI
MPABHJIBHO, €CJTA HET (@ 3TO HEeIOMyCTHMO), TO clieayeT npuHsath F,; = e,'F,;. Torma u3 ycio-
Bus paBHOBecus Bana F,; = Fy;— Fy = e;'F,;— F4 n ycnosue F,; > e'F,; Oyner o6s3aTeabHO
BBITIOJTHEHO.

L
6.2.4 IlocienoBaTe/ILHOCTH pacyeTa MOJAMIUITHIKOB KAUeHHUs M0 JTHHAMHUYECK0il
Ipy30M0AbEMHOCTH

HcxonHpIMu TaHHBIMU JJ1s1 pacdyeTa TOMIIHITHAKOB KAYCHU, KaK MPABHIIO, SBIISIOTCS:
BEJTMUMHBI JACHCTBYIOIMNX HA BAJI CHIT (OMPEACISIOTCS 3apaHee B 3aBHCHMOCTH OT UX MPHPO-
IIBI; IS 3yOuaThIX 3ameiuicHui, HampuMep, no 3asucumoctsm (1.16) — (1.19)), H; gacroTta
BpAIIICHHS Balla 1, MAH ', TpeGyeMbIii pecypc moammnauka L B MitH. 06. wmm Ly, B 4 1pH He-
00X0aMMOM BEPOATHOCTH OE30TKA3HOM PabOTHI;, THAMETP TIOCAA0UHOM TMTOBEPXHOCTH Baya d 1
PacCTOSHUS MEXIy TOUYKAMH MPUIIOKEHUS ACHCTBYIOIUX CHJI M peakiwii (a, b, ¢), KoTopsie
0epyT ¢ KOMIIOHOBOYHOW CXEMBI; PSKUM HArpy>KEHHUs, YCIIOBHUS SKCIUTyaTalllX MTOAIITUITHAKO-
BOTO y371a (BO3MOKHAs TIeperpy3Ka, pabodas Temmneparypa).

Pacuer BBINONHAIOT B TAKOW MOCIEA0BATENBHOCTH:
. IlpenBapurenbHO HA3HAYAIOT THIT U CXEMY YCTAHOBKH TOJIIAITHUKOB.
Jlns mpenBapuUTENbHO BHIOPAHHBIX TMOIIIUIMHUKOB M3 KATAJIOTOB BBIITUCHIBAIOT BCIO
HUMEIOIIYFOCS TaM HH(POPMALIUIO.
3. B 3aBUCHMMOCTH OT KOHCTPYKTHBHOW cxembl (cM. puc. 1.8 — 1.13) onpenensitor paau-
allbHbIE PEaKIMK B OMoOpax mno 3asucumoctsm (1.23) — (1.28).
4. OnpenenstoT OCEBbIe CHJIBI ¢ YUETOM OrpaHUUSHHS MUHHUMAJILHOTO YPOBHS OCEBBIX Ha-
IPy30K HA PETYJIUPYEMbIE PaIHaIbHO-YITOPHBIC MO ITHITHAKH.
5. Ecnu 3a1aH THNIOBOM PeXUM PadOTHI, OMPEICISIOT SKBHBAICHTHBIEC HATPY3KH 1O COOT-
Homenusm (1.22).

N =
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Fu_ ¢ xoodpuumentom e. Tlpu Fe_ o, npunamator X = I u
VF,

r r

6. CpaBHUBAIOT OTHOIIICHUE

Y=20, npu _Fu > ¢ 3HadeHHA kKo3(pdunmentos X u ¥ NpuHUMAIOT B COOTBETCTBHH C

vV F
r

Tabmn. 4.
B 3aBHCHMOCTH OT YCIOBHIA SKCILIyaTaIlii BRIOUPAIOT KOA(DGUITUCHTHI @7, dz3, Kz K.
8. lns nambosee HArpy>KEHHOW OMOPHI PACCUMTHIBAIOT SKBUBAJICHTHYIO HArpy3ky P 1o
dopmynam (1.13) — (1.15). Ecnu mo COOTHOMICHUIO pAaaUaAIbHBIX U OCEBBIX HArPY30K

HENb351 YBEPEHHO OMPEACTUTh HauOOoJIee HArPYKEHHYIO OMOPY, TO PACCUUTHIBAIOT K-

BHUBAJICHTHBIE HATPY3KH IS O0CHX.

9. Ecnu 3aman pecypc B yacax (Lj), IEPECUUTHIBAIOT €r0 B MHJUTHOHBI 000poTOB L 1O

dopmyne (1.12).

10.0npenensaror pacyéTHyl0 AMHAMHYECKYIO TIPy30MOJBEMHOCTh nojmunuauka C, mno
dopmyne (1.10) mnm pacuérabiii pecype o gopmysne (1.11).
11.Ecmu ycnosue (1.8) He y1oBIeTBOPSIETCS MM PECYPC CIMAIIKOM MaJjl, HEOOXOIUMO BbI-

Ouparh NOAMIMITHUKHA O0JIee TAKENION CeprH, MEPEXOANTh HA IPYTHE THUITBI MTOAIIUTHH-

KOB, AI3MCHSATH THAMETP Bajia (B CTOPOHY YBEIIMUCHUA).

Ecnu B ogHOM omope yCTaHAaBIWBAIOT JBA OJMHAKOBBIX PAJAWATBHBIX TOAIIMITHUKA, 00-
Pa3yoONIMX OJUH MOAIIUITHUKOBBIN Y3€J1, TO UX PACCMATPUBAIOT KaK OJWH JABYXPATHBIA TOI-
mmmnauK. [Tpu onpenenennn pecypea B popmyny (1.11) moacrasnstor 6a30By0 AMHAMUYE-
CKYIO PaJIMAJIbHYIO TPY30MOABEMHOCTh KOMITJIEKTA U3 IBYX MOIIUITHUKOB: JUTS IIAPUKOBBIX —
Con = 1,625C, i pomukoBbIX — Coy,, = 1,714 C. Ilpn onpenenenun S5KBUBANIEHTHOR Harpys-
K# 3HaYeHUs Kod(pduimmenToB X 1 ¥ IPUHUMAIOT KaK JUIs ABYXPSTHBIX MTOIIATHAKOB.

~

6.3 IlpenenbHast 6LICTPOXOAHOCTD MOAUIUITHAKOB KaYeHHsI

[IpenenbHas CKOPOCTH BpaAIEHU NOAIIMITHUKOB OTPAHHYNBACTCS:
1) moBbIIEHNEM TEMIIEPATYyphl, B PE3yJIbTaTe CHHKACTCSA CTOWKOCTh CMA30YHOTO MaTe-
pHalla 1 YBCIIUMYUBACTCA OIIACHOCTL OTIIYCKA TCJI KQAUCHUA U KOJICIT,
2) NPOYHOCTHIO U IOJITOBEYHOCTHIO CENapaTopoB;
3) YCKOPCHHBIM YCTAJIOCTHBIM BBIKPAIIWBAHUCM, CBA3AHHBIM C OOJIBIIIAM YHCIIOM IIUKJIOB
Harpy>kKeHu# B €IMHUILY BPEMEHH.
Hpez[enLHon HacTOTy Bpalll€CHUSA MOAIIMUIIHUKOB OTPAHUYHUBAIOT COIJIaCHO YCJIOBHIO, 11O
KOTOPOMY IPOU3BCACHUC dmn HC JOJKHO IPEBLIIIATH HGKOTOpOﬁ yCTaHOBJIeHHOﬁ JUTA KaxK-
J0T0 THUIIa MOAIMUITHUKOB BCJIMYHWHBI

d n<ld n], (1.29)
rne d,, = (d + D)/2 — cpenuuii quaMeTp MOIIIMITHUKA, MM, I — YacTOTa BPAICHHUS,
MHH [dm ‘N | - monmyckaemoe 3HaYeHUE OBICTPOXOJHOCTH, YCTAHOBJICHHOE s KaKAOTO
THWIA MOALINITHAKA YU NPUBEACHHOE B KaTajlorax.
TpH KIeMaHbIX CenapaTopax W HOPMAIbHBIX Kiaccax TouHoctd Bemmamsa [, 7] co-

5 -1
craBnsier (4.5...6.5)10° mm - mun . TloBbIlIEHHE KJTacCa TOYHOCTH MOIIIAITHUKA, TPUMCHE-

HHC MAaCCHBHLIX CCIIApaTOpPOB U OpraHU3alnusi LIHpKyHSILIHOHHOfI moa JaBJICHUECM CMA3KH I10-
3BOJIAKOT IOCTUTHYTDh BCJIMYHMHBI
[dun] = (1,5...2,5)-10° mm-mun".
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Ipn m3sectHoM [d,,11] ONpeneNsiOT MPEAENbHYIO YacTOTy BPALCHHSA Ryp, MEH, TIO

dopmyie
_[d,n]k
nnp - d > (130)

m
rae k — xo3(hOUIHEHT, YUNTHIBAIOIIUH BIMSHUE BOCTIPUHAMAEMON Harpy3ku. B 3aBHCHMO-
cti oT gonroBeuHoctd Ly v nuamerpa d,, npuaumaroTk =0,6...1.
[IpenenvHast OBICTPOXOAHOCTH MOIITUITHAKA OTPAaHUYMBACTCS YKA3aHHOM B KaTajiore
JUTS Pa3IMYHBIX CMA30K MIPEIENbHON YaCTOTOM BPAILEHUS [M,p]:

n, <[n,] (1.31)

JInst MOBBIIIEHUS TIPEAETbHON OBICTPOXOAHOCTH HEOOXO0IUMO:

a) MPHUMEHATH MOJIIMITHAKKA BBICOKUX KJIACCOB TOUHOCTH 2,4,5;

b) yMeHbIIATh MOTEPH HA TPEHHUE B MOALITUITHAKAX

C) YMEHbBINATh JUAMETPHI IIAPHKOB, TIEPEXOTUTH Ha 0OJIee JISTKHE CEPHUH;

d) ucnonap30BaTh MACCHBHBIE CEMAPATOPHI, BHIMOJHEHHBIE W3 OPOH3BI, JIATYHH, AIOMU-
HUEBBIX CIIJIABOB, TEKCTOJINTA, METAIIOKEPAMHKH;

e) COBCPILICHCTBOBATH CUCTEMY CMA3KHU MOAIIUITHUKOB.

6.4 Ilpumepsnl pacuera NOAMIUIHUKOB KAYeHHsI
6.4.1 Ilpumep 1
[TonoGparh mOAMIMIHAKY A7 Bajia PEAYKTOpA, HA KOTOPOM YCTAaHOBJIEHO JIBA KOCO3Y-

OBIX IMIMHAPUIECKHUX Kosieca (cM. puc. 1.12).
Hcxonnbie JaHHBIE AJ1 pacyueTa:

1. Bpamatomuiit MmomenT Ha Basty T =250 000 H -Mm.

2. Jlmametpsl 3y0uatbix koiec dyym =70 MM U dy = 140 MM, mocagouHbIii AHaMeTp Ba-
nad=35 Mm.

3. Yacrora Bpaumenus Baia n = 800 MEH |

4. Pecypc mogmmmanka L =20 000 1 mpu BeposaTHOCTH O6e30TKa3HOM padoTsl 90 %.

5. 3anmemneHue Koco3yooe.

6. Cxema pacnoyioxeHus 3yOuarhiX Kojiec M onop — no puc. 1.12, mo ueprexy onpene-
nenbl pasmepsl: a =40 mm, b=40 mm, ¢c=50 MM, L=a+B +c =130 Mmm.

7. Xapaxrep Harpy3KH — CIIOKOWHBIN, PEKUM — CPETHHN PaBHOBEPOSTHBIN.

8. Tewmmeparypa — 70°C.

9. Bpammaercsi BHyTpEHHEE KOJIBIIO.
10. VYron 3anernenust B 3yduarhix Kojecax o, = 20°.
11. ¥Yron naknona 3yobes 3 =11°.

12. TlpeaBapuTenbHO HA3HAYECHBI MIAPUKOBHIC PAMAIBHBIC MOJIIUITHUKH JETKOH CEpUH
207 (C=25500H, CO =13 700 H). Cxema ycraHOBKH — "Bpacmop".

1. Ucnomb3ys dopmyst (1.17), onpenenseM cOCTaBIAIONIAE HOPMAIBHOW CHITHI B 3a-
HETUICHUSX

2T  2-250000
a) OKPY>KHBIE: F = =

“ 70 d,, 140

_71a3H; = 2T 2250000 _ ooy

26



_Fufsa, 7MH3820° . @ = F.ga, _35 71tg200"
cos B cos 11’ cos B cos 11
B) ocesbie. Fuy= Futgf=7143tg11°= 1388 H, F, = Fytgf=35711g11°= 694 H.
2. Jlna npuHATONW pacYETHOW CXEMBI OMPEACAeM PEAKIMH B OMOPaxX MO 3aBUCHUMOCTSIM

(1.27):
a) M3rubaroIMe MOMEHTHI Ha mectepHe M, u konece My

My =Fu -dy,/2=1388-70/2 =48 570 Hmm,

M, =Fy -dy/2=694-140/2 =48 570 H-mm;
0) oceBas peakmys B omope (MO IIIAITHAK HEPETYTHPY MBI )

Ry, =Fu,—F,u,=1388-694=694 H;

B) BepTUKAIbHAS R 5 ¥ TOpU30OHTATBHAS R 45 COCTABIIAIONINE PEAKIIAN B OMOpe A
M +M +F c—F (b+c) 3.48570 + 2647 - 50 — 1323(40 + 50)

0) paauanbHBIC: F,, =1323H ;

R, = =849H ;
L 130
R, = Fwct Fu(brc) 7143504 3571(40+50) )00
L 130
T') BEpTUKAIbHASA Rpp ¥ TOPU3OHTAIEHAS R COCTABISAIONIAE PEAKIMH B OmIope B:
R, - F(a+b)—Foa—M, —M,, _ 2647 (40+40)-1323 -40 - 248570 _ . .
L 130
F, (a+b)+F,a 7143(40+40)+3571-40
R, = Ful L) wd _ 7143( 13; = 5494H ;

1) CyMMapHbI€ PEaKIIUU B OTOPaX:
onopa A: R, =[R2, + R, =/849% + 5220 = 5288 H .
onopa B: Ry = R2, + R%. = 474% + 5494° = 5515 H.

3. B cBa3u ¢ TeM, uTO pexuM padOThl — CPEAHHUI PAaBHOBEPOSITHBIN, OMPEACITAM YKBH-
BAJICHTHBIC HArpy3KH ¢ UCHoOb30BaHueM 3apucumMocteit (1.22) mpu Kg = 0,63 mis storo pe-
KHAMA:

F,;=KpR,=0,63-5288 = 3331 H, F,;=Kp Rp=0,63-5515=3474 H,

F,=K;pR,,=0,63694 =437 H.

4. Tlockonbky omopa B cuibHee HarpyskeHa paguanbHON CHIION, a Ha omopy A ACHCT-
BYET OCEBad CWJIa, TPYAHO 3apaHee OMpeACNUTh Hambojee HarpykeHHyio omopy. [lostomy
PacCUMTHIBAEM SKBUBAIICHTHYIO HAarpy3ky P s oGenx.

[Tpuaumaem V' = I (BHYTpeHHEE KOJBIO BPAIIACTCA OTHOCUTEILHO BEKTOPA HATPY3KH),
K; = 1 (pexxum pabotsl ciokoiinbiii), Kr= I (Temneparypa He npesbicut 125°). Koaddumu-
enTsl X u Y BpiOupaem no tabn. 4. Ilpu

F, _ 437
VF,, 1-3331

YTO MEHBINE JTIO00TO U3 3HAUCHUN € JUIS PaaualibHBIX MIAPUKOBBIX TOIIIUITHUKOB (& = 0°),
HaszHayaeM [yt obenx orop X =1, Y = 0. CnenoBareiabHO, S5KBUBAJICHTHAS Harpy3Ka OMOPbI
B Oyner Gosbinie 1 gajbHEUITHE PACUETHI MOXKHO BECTH TOJIBKO IS HEE.
OKBUBAJIICHTHYIO HAarpy3Ky BeramciisieM o dopmysne (1.13)
P=V-F, K; -Kr=13474-1-1 =3474 H.
5. OnpenenseM pacueTHHIN pecypc B MIJUTHOHAX 000POTOB

=0,13,
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4
I 60 néLh _ 60 80062 10 _ 960,
10 10
6. OnpenenseM AMHAMHYECKYIO IPy30MOAbEMHOCTh moammnuuka C, no Qopmye
(1.10). Ilpunumaem: p = 3 (Ans MWAPUKOBBIX MOIIIUNHUKOB), @; = I (ansa vagexunoctu 0,9),

az; = 0,7 (1131 OObIUHBIX YCTOBHI paboThI MO TA0. 3).
1

1 1
3
C =[ L ] P=( 960 j3-3474=38588 H.

£ a,-a, 1-0,7
7. Ilockonpky paccuMTaHHas rpy3onoabéMHocTe Cp Oombllie  pacrnojaraeMoi
(Cx =25 500 H), u3 xatanora BpIOMpaeM MIAPUKOBBIA paaranbHbIN MOAIIUITHUK TSHKETION ce-
pum, uMeronmii o6o3Hauenue 407 u cneayoue JaHHbIE:
a) craruyeckas rpyzonoabeMaocth  Co= 31,0 kH,
0) muHammuueckas rpysonoabeMHocts C =553 kH,

B) BHYTPEHHHI TuameTp d=35 mm,
I') HAPY>KHBIA JHAMETP D =100 mm,
1) TIHPUHA B =25 mm.

MoryT ObITh TPUHATHI U APYTHUE PEIICHUS:

— YBENMMYUTH auaMeTp Bajia 10 40 MM W HWCMOIB30BaTh MOMAIIWAIHWAK CPEIHEH cepun
Ne 308, koTopsrit umMeeT quHAMUYECKYIO Tpy3onoabeéMHocTh C = 41,0 kH u HapyxHbI# 1ua-
meTp D = 90 mm;

— TPHHATH APYrodl THO TOMIIUITHUKA, HAMPUMEP, PAAHAITIbHO-YIMOPHBIH POTUKOBBIHN
nérxoi cepun 7207 (d =35 mm, C = 38,5 xH, D = 72 MM) — B 3TOM ciy9ae COXPaHSIIOTCS TM0-
CaJI0uHBIC Pa3MeEPHI MOIIMIUAMHAKA, HO HAAO MPEAYCMOTPETh CIOCOOBI PETYIUPOBKH OCEBOTO
3a30pa B OMopax.

OKoHYaTENbHOE PENICHUE PUHUMAETCS MOCIIEe COTJIACOBAHUS BO3MOXKHBIX BAPUAHTOB C
ACKU3HON KOMIIOHOBKOM M3/€EuUs.

6.4.2 Ilpumep 2

[Tomo6path MOAMIMITHAKY JUTSl BBIXOIHOTO BaJjia peayKTopa KOHBeHepa.
Hcxoansie AaHHbIE /7151 pacyuera:
1. Bpamaromuii MomeHnT Ha Baty T =1 950 Hwm.
2. ImameTp koco3yboro koneca dy, = 318 MM, mocanounsiii auametp Bana d = 60 MM,
3. YacToTa BpallCHHS Bana N = 33 MHUH " .
4. Pecypc nogmmmnanka L ,= 10 000 1 npu BeposiTHOCTH Oe30TKa3HOU padboTh 90 %.
5. 3anemnenue koco3ybdoe. Yron HakioHa 3yobeB B = 11°. Yron 3anemnenus o, = 20°.
6. Cxema pacroyioxeHusi 3y0uaTbiX KOJieC M Ormop — Mo puc. 1.9, mo ueprexy onpeacaeHs
pasmepsl: a= 80 MM, b=40 MM, ¢=100 mm, L =a+ B =120 mMm.
7. Xapaktep Harpy3KH — ¢ yMEPEHHBIMH TOTYKAMU, PEXKHUM — MOCTOSHHBIN.
8. Temneparypa — 70°C.
9. IlpenBapurenbHO HA3HAYCHBI POJIUKOBBIC PATHAIbHO-YIOPHBIE TIOIIIATTHUKA JIETKON Cepum
7212A (C =91 300 H, Cy =70 000 H, yros a = 15°06"). Cxema ycranoBku — "Bpacmop".
10. Mcnonp3oBana koMmneHcHupyromas 3ybuaras mydra ¢ mMoaysieM m = 3,0 MM W YHCIOM
3y0neB z = 40.
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1. Ucnions3ys dopmyiier (1.17), onpenenseM COCTABIIAIOMNAE HOPMAIbHON CHIIBI B 3a-
LETIICHAN:
2T  2-1950000

a) OKPYKHYIO: F=—=———"=]2260H;
) OKPYXKHY =a 318
6) paTHaTbHYIO: F = Figa, _122601920° _ s /sn P

cos B cos11°

B) ocesyto. F,= Fytgf=122601gl1°=2383 H;

u cunty ot Mmydrst Fy, = (0,1...0,2)F], = 0,1 2T _ 121930000 _ 5550 1

mz 3-40
2. Jlns npuHATOM pacueTHON CXeMbl ONPEEsseM PEAKLMHU B OMOPax Mo 3aBUCUMOCTIM
(1.24):
a) M3rudaroInii MOMEHT Ha Konece M
My =Fy -dy/2=694-140/2 =378 900 H mm,
0) BepTHKaTbHASA R g ¥ TOPH3OHTANBHAS R ;- COCTABIIAIONINE PEAKIIAN B OTTOPE A
F.b+ M 4546 -40 + 378900

L 120
R _Fb-Fyc 12260 -40 - 3250 -100 _ . 1.
& L 120 ’

B) BepTUKaIbHAsI Rpp ¥ ropu3oHTaNbHASA Rpr COCTABIAIONINE peaKuu B onope B:
F.a—-M 4546 -80 — 378900
. = = —126 H;
L 120
(3HaK "MHMHYC" O3HAuUaeT, YTO PEaKIIMsl HAIMPaBlieHA B CTOPOHY, MPOTHBOIOI0XKHYIO BbIOpaH-
HOM Ha cxeme)

RBF

Ry =

_Fa+Fy,(L+c) 12260 -80+3250 (120 +100)

L 120
T') CyMMapHbI€ PEaKIH B OMOPaXx:

omopa A: Ry =[R2, + R%, =4673° + 13787 = 4872 H .
oropa B: Ry =Ry + R, =~126° + 14130° = 14130 H.

[Tockonbky BeIOpaHbI MOAIIUMHUKA PETYJIMPYEMOTO THUIA, OCEBYIO PEAKIHIO OINpene-
JIUM METOJIOM TIOTBITOK.

_ F2=Rp
Jlns cxembl YCTaHOBKHM IO cxeme Ha puc. 1.16 F.=R, /
ycioBue paBHoBecHst uMeeT BUI. Fy+ Fy— Fy2= 0. - / Fa
[lycte oceBas cuna B omope A (00603HauuMm eé -L]{ }iﬂ

F,;) paBHa MUHUMAJIbHOM: [~ 2
F,u=¢e¢'F,;=0354872=1705 H
(ko3 umeHT e’ = e onpenenéH mo Karajaory i Bbi-
OpaHHOro moamwunHKKa). Toraa u3 ycnoBus paBHOBE-
cus
Fa2= FA+ Fa = FA + eI'F,I =2383+1705=4088 H.
ITposepsiem ycnosue F,=> F iy, 1718 BTOPOM OMOPHI:
Fomin=e2'F,;=0,35-14130 = 4945 H.
YcnoBrue HE BBITIOIHEHO, TIOATOMY CeayeT npuHATh F,, = e;'F,; = 4945 H. Torna u3
YCIOBHSA PAaBHOBECHSA Baya

= 14130 H,

Puc. 1.16. Pacuérnas cxe-
Ma K pumepy 2
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Fgy=F,—-F,=e,F,;—F,=4945—- 2383 = 2562 H.
OueBuano, uro F,;=e'F,;.
OKOHYATEIBHBIC HATPY3KH CBEJICHBI B TAOJIHILY

Harpyska, H
Ouapa Panuansaas | Ocesas
A 4 872 2562
B 14 130 4945

Takum oOpazom, Hambonee HarpyXKeHHOU ABiAeTCA omopa B, mo Helt u Beném nanb-
HENIIME PacyYETHI.

3. [lpunnmaem V' = I (BHyTpeHHEE KOJbIIO BPAIAETCA OTHOCUTENHLHO BEKTOpPA HArpy3-
kn), K5 = 1,3 (pexum paboThl ¢ yMepeHHBIMU ToTukamu), Ky = I (TeMmepaTypa HE MpEBhIIa-
er 125°). Koadpdummentsr X u ¥ Beibupaem mo tadm. 4. Ilpwm

F, 4945

a =0,35=e¢,
VF,, 1-14130

Ha3HauaeM X =1, Y=10.
4. DKBUBAJICHTHYIO HArpy3Ky BeramciseM mo gopmyne (1.13)
P=V-F,-K; -Ky=1-14130-1,3-1 =18 369 H.
5. Onpenensiem moTpeOHBIH pecypc B MHJUTHOHAX 000POTOB
I = 60nf,, _ 60-33 610000 ~19.8
10 10
6. Ompenensiem pacuétabiii pecypc no gopmyie (1.11). Tlpuaumaem: p = 10/3 (s po-

JIMKOBBIX MOMIIUIHAKOB), @; = I (;uia HapexHoctH 0.9), az; = 0,7 (s 0ObIMHBIX yCJIOBAN pabo-
TbI 10 TA0. 3).

103

P
2390 = 147 mnH. 00.

Cy
L=a1a23 _I’— =1'0,7 1837

Paccunrannsiii pecypc 60mbIme moTpeOHOTO.

6.5 OcoGeHHOCTH pacyeTa MOAINMITHAKOB KAYEHHS IS CATEJLINTOB
MJIAHeTAPHBIX Mepeaay

Ha puc. 1.17 noka3zaHbl KOHCTPYKIIMU CATEJUTMTOB HA OMOPAaX KaueHHUS.

B BapuanTte “a” HapykHbI€ KOJIbIA TOAIINITHUKOB 3aKPETUICHBI MPY>KUHHBIMUA CTOTIOP-
HbIMH KoJibliaMu 1. [logImWmHWKM yCTAaHOBJIEHBI MEXKIY KOJbIAMHU 0€3 PETYJIMPOBOYHBIX
mai6é ¢ HebompmmM 3a3opoMm. Ha puc. 1.17, 6 mokazaH caTeUIMT, YCTaHOBJICHHBIH Ha
UTOJIbYATHIX TMOMIUMHUAKAX. [l Qukcanmuu caTeiMTa B OCEBOM HAMpaBICHUH MEXIY
UTOJIBYATHIMK  TIOJIIIMITHUKAMH TIOCTaBJICH IapukoBbiii mommmnauk. Ha puc. 1.17, r mo-
Ka3aH CaTeJUTUT Ha POJIMKOBBIX KOHWYECKUX MOAUIUMHUKAX. I peryIupoBKH OCEBOTO 3a30-
pa ciy»xat npoknaaku 1. [Ipu ycTaHOBKE MOAIIMITHUKOB BHYTPH CATEIIMTOB YMEHBINAIOTCS
OCEBBIE Ta0APUTHBIC PAa3MEPHI, YMPOIIAIOTCS KOHCTPYKIUA U COOpPKA, HO CHIIKAETCS Harpy-
3049Has CMOCOOHOCTh TOMMHWMHWKA. [IpW yCTaHOBKE TOIMIMITHWUKOB BHYTPH BOAWJIA
(puc. 1.17, B) yBenuumBaercs radapuT, HO TIOBBIIIACTCA HATPY30UHAS CIIOCOOHOCTH IO IIIUT-
HUKA. B 3TOM ciiyuae cIBOCHHBIE CATEJUIMTHI W3TOTABJIMBAIOT U3 OJHOW 3arOTOBKH TOJBKO
pyu HeOOJIBITION PA3HUIIE TUAMETPOB BEHIIOB. B OCTaIbHBIX ClTydasx MX JENNalOT COCTABHBIMHU.
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Puc. 1.17. KoHCTpyKITMY CaTEUTUTOB HA OTIOPAX KauyeHUs

Ecau B KOHCTPYKIHHU CATCIIVIMTOB MPUMCHCHBI CTAHAAPTHBLIC IMOAIIUIIHUKK, TO HUX pac-
YC€T BO MHOT'OM aHaJIOTHYCH PaCucTy OIop AId nepaad ¢ HCIOABHIKHBIMHU OCAMUA MOAIIHUITHHA -
koB. OTIIMynue COCTOUT B TOM, UTO B IOJAHIMITHHUKAaX KAaUCHUA CATCIIJIIMTOB (nepez[arm C Bpa-
HIAIOMIMMHUCS OCAMU MOAIIMIHUKOB) BOSHUKAIOT AOMOJHUTENbHbBIE [IEHTPOOEIKHBIE CUIIBI. DTH
CWJIbl YUUTBIBAIOT IIPHU PaCUCTC SKBUBAJICHTHOU Harpys3KH.

PaccmoTpum mocnienoBaTenbHOCTh pacueTa NOAIIMIHUKOB KaY€HUs JJIs1 KOHCTPYKIUA
CaTEJUTUTOB, MPUBEACHHBIX Ha puc. 1.17, a, T, M0 THHAMUYIECKON TPY30TIOBEMHOCTH:

1. Onpenenstor  COCTABJAIOLIME HOPMAIbHOM CHJBI B 3alENJICHUH, HUCMOJIb3Ys

puc. 1.18.

Ha Benymem konece 1 npunoxen momeHT 1. OKpyKHAs cuia, JEHCTBYOINAs B 3arer-
nennu kojiec 1 u 2, 6e3 yuera cuil TpeHUs paBHA

2T K,
]

d,c
rae d,; — TraMeTp HadajubHON OKPY>KHOCTH IIEHTPAJbHOTO KoJjieca 1; ¢ — 9YMCI0 CaTeIUIUTOB,
K, — x0o>hduIMeHT, yIUTHBAOMNN HEPABHOMEPHOCTh PACIIPENCIICHUS HArPy3KH MEXIy ca-

TEJUTUTaMH, Ha3HadaeTcst o pekomennausm (K, = 1,05...1,3).
Paauanbubie cumbl F,; u F,; BBIYKCTAIOT YEPE3 OKPYIKHYIO crity Fyy:

Fu=F;=F; tgo.,, (1.33)

Fo=F,= (1.32)

rac (X'W — YIroJ1 3aiCIJICHUS.

Cuny, TeHCTBYIONIYIO HA TIOAMUITHUKY Fyp, onpeaensioT u3 ycinoBus paBHOBECHS caTell-
nura 2 (puc. 1.18):
F,=2F,. (1.34)
PanmanpHble CcHIBI B TUTAaHETApHBIX TIepenavax B3aMMHO ypaBHOBEIICHHI (F,; = F;).
CnenoBateNbHO, TIOAMMITHAKKA HAarpy»XeHbl B TOPH30HTAIIbBHOM HANPAaBIICHUH YABOCHHOM OK-
PYKHOU CUIIOM.
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Puc. 1.18. Cunbl, aeiicTByroniye B TUIaHETAPHOH Tiepeaadue

2. Ilpu pacueTax MOMIUITHAKOB CAaTCJUTUTOB OBICTPOXOHBIX TJIAHETAPHBIX TMEpeaay yuu-
THIBAIOT EHTPOOEIKHYIO CUITY, KOTOPYIO ONPENEIAIOT 1Mo popmyie

2
b ,=ma,r, (1.35)

-1
T m — Macca cartejumra, Kr; (0, — yriioBas CKOPOCTh BOJMJIA, C ; Fy — PAIyC PACIIONIOKE-
HUA LEHTPA TAKECTH CaTEJUIMTA OTHOCUTENIEHO OCH BPALLEHUS BOIUIIA, M.
Ecnu macca carennura He 3a1aHa, TO €€ ONPEENAIOT 110 3aBUCUMOCTH
m=V,p.; (1.36)
" 3
rae V. — oO6bem Bpamaronuxcs AeTanei ysna careiiuTa, M-,
3 _ 3
P — IIIOTHOCTH MaTepuana, kr/m” (ans cranu p. = 7700...7900 kr/m”).
3. BBIYMCIIAIOT paBHOJACHCTBYIOINLYIO YABOSHHOW OKPYKHOW cuuibl 2Fy;, nercTBylomend B
TOPU30HTAJIBHON IUIOCKOCTH, W LEHTPOOEKHON cuibl F,s, nefcTByIOIEed B BEPTHUKAIbHOM

miockocTH (cM. puc. 1.18):
F,=yQF) +Fg (1.37)

4. PaccumThIBalOT YKBUBAIICHTHYIO Harpy3ky P mo dopmymnam (1.13)—(1.15). Ecnu 3amen-
JICHHE 3y0UaThIX KOJIeC MAIHHIPHICCKOEe IPM0o3y0oe (HET 0CEBOM COCTABIISIONICH HOPMAaTh-
HOM CHJIBI B 3alIETUICHUH ), TO SKBUBAJICHTHYIO HArpy3Ky onpenesnstot mno ¢opmyJe (1.13).

5. OnpenensiroT pacueTHBIN pecypc B MHJITMOHAX 000POTOB

I 60n L,
10° - (1.38)

rane L, — pacuetHsI pecypc, 4 (OOBIYHO 33/1aeTCA B UCXOMHBIX TAHHBIX );
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N,— YacTOTa BPAILCHUS CATEJUINTa OTHOCUTEIFHO BOIUIIA.
[Tepenarounoe oTHOmeHMe KoJiec 1 u 2 mpu octanosiaeHHoMm Boauie H (cm. puc. 1.18):

I =——m, (1.39)

Ny =Ny
IJie H; — 9acTOTa BPAIICHUS LIEHTPAJIBHOTO COJIHEYHOTO KOJeca; M, — 4acTOTa BPAIICHHS ca-
TEJUTUTA; Ry — 9aCcTOTA BpAIIECHUs BOIWIA. Pa3HUIA 9acTOT BpameHus (N, — Nyj) €CTh 4acTOTa

BpAIIICHUA CATEITUTA OTHOCUTEIIBHO BOIWMIA M, , T.€.

n,=n, —ng. (1.40)

Torna, ucrons3ys Beipakenus (1.39) u (1.40), moxHO 3amucars Gopmyity AJis onpee-
JICHUA R

n, —n
n, :%, (1.41)
5p)
Z

‘H 2
rae 1, = . (g2 — urcno 3yObeB CaTe/UINTA; Z; — YACIO0 3yObeB IIEHTPAIbHOTO COJTHEYHOTO KO-
1

neca).

Umncrmo 3yObeB kojiec 1,2 W 9acTOTH BpaIeHUsT BXOIHOTO M; W BBIXOAHOTO My 3BCHHEB SIB-
JIAFOTCSA UCXOAHBIMU 33JaHHBIMHU BEIIMIUHAMH.

6. PaccuMTHIBAlOT AMHAMHUYECKYIO TIPy30MOAbeMHOCTh noammnuuka C, no dopmyie
(1.10).

7. Ilo paccyMTaHHOH JMHAMHYECKOW Ipy30mobeMHOCTH C, BBIOMPAIOT CTaHAApTHbIE
MOAIIUITHAKY KadeHus: B karajore. [Ipu 3TOM NPUHUMAIOT BO BHUMAHHE MPEABAPUTEIHHO
PaCCUMTAHHBINA IMAMETP OCH, HA KOTOPOH OyyT yCTAHOBJICHBI MOAIIUITHUKH, a TAKXKE TO, UTO
HEOOXO0IMMYIO TPY30M0IBEMHOCT OyAyT 00ecneunBaTh HE OJIMH, a /1B MOAIIUITHHAKA, T.€.

Cp = Cpl + sz = 2Cp1, (1 42)
rae Cp = Cpp — rpy30M0b€MHOCTH OJJHOTO ITOIIIMITHHKA.

[TocnenoBarenbHOCTH pacueTa MOAIIUIHUKOB KAaUCHHUS JJIi KOHCTPYKLIMN CaTEUTUTOB,
MPUBEACHHBIX HA puc. 1.17, B, aHaornuHa pacuery KOHCTPYKIHI CaTeJUTUTOB, TPUBEICHHBIX
Ha puc. 1.17, a, r. OTHuKe COCTOMT B pacyeTe SKBUBAICHTHON Harpy3ku P. B dopmyiy
(1.13) Bmecto F; moacrapnsatoT HauboIbIIyIO U3 peakiuii B onopax A wim B (cm. puc. 1.17, B)
oT BHemHen cubl Fyy, Beraucnennoit mo ¢gopmyne (1.37). Peakum B omopax A u B onpene-
JISIOT, UCTIONIB3YS CXEMY, TIPUBEACHHYIO HA puc. 1.12, u dopmyssl 1ia pacuéra peaxiuii B
omopax (1.27).
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