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il.O Blf(OMA I/HT A "C/IB 

ne,pwe 8H,llUHHfl U.iEI KHH}KKH 8HHWJIO 8 CBiT 1943-ro poKy 

8 npa3i, HaKJI3,llOM yKpa."iHCbKOro 8H.lla8H.HU,T8a «flpo60EM». Bo­

HO 6yJIO 3HHllI.eHe feWTaOO:M ni.IJ. 4aC p03fpOMy U.i.tlOfO 8H)J.18-

HHU,T8a. YAaJioCH aps:iTy0aTH JIHWe O.ll.HH npHMipHHK. I tioro 

ou.e n:epe.cpoTorpacpo0aHo. 

CaMy KH'H>KKY 3Jia,ll.)KeHO Ha OCH08i KOpOTKOro ni.llpy4:-IHKJ 

cf>. 6aprn, lll.0 6y0 8.H,llaHHH 6araTbMa 8HlnycKaMH 8 WHpOKO 

3HaHiM 8H,lla8HHU,T8i «6i6JiiOTeKa reweH».13 U,bOfO ni.llpy4HHKC1 

B3HTO MaTepis:tJI i yKJia.n. iioro, aJie TeKcT nepe.n.aHo He 38H4aH-­

HHM nepeKJia)J.OM, flKllI.0 ni)l UHM CJI080M po3yMiTH ,llOCJii8He 

T.11yMa4eHHH nep80T80py, a BiJibHHM nepeno0i.ll)KeHHflM caMoro 

.1rnwe 3MiCTy. KpiM Toro, nopo6JieHo TaKi 3MiHH cynpoTH nep­

HOT8opy: 

1. no.a.aHO 8H80.ll.H 83ipU.i8, npHBe)leHHX y niApy4HHKY cf>. 6ap­

Ta 8 fOT080My BHfJIH.ll.i. 

2. 4aCTHHY p03.D.iJii8 iJIIOCTp083HO npH.KJia.ll,aMH o64HCJieHb, 

.Y3HTHMH 3 KHH)l{KH «E.n·eMCHTH MaWHH» npocp. JlHB.lliEHa. 

3. Ilo)laHO OCH08Hi B30pH 3 Teopi"i MiU.HOCTH 6y.lli8eJibHHX 

MaTepis:t.71i8 ,llJlfl o64HCJieHHfl Hanpy)l{eHHfl 8 THfl08HX 8Hfl3,llKClX 

06Tfl)f{y. 

4. ,llo,llaHo Ai.ZI.n08i.ZI.H1:1H TepMiH0.110ri4HHH CJIOBHH40K. 





P03Aln nEPWHA. 

BCTYil. 

B poa.itini ItiM H8-C8M-nepeA 8H8HOMHMO 'IHTa'la a OCHOBHHMH Tep­
MiHaMH, mo BXOASITb y H8YKY npo MiUHiCTb 6yAieenbHHX MaTephwie; 
einraK BCTaHOBnl06MO ii BHSICHI06MO Ti aacaAH, mo ix M86 AepM<aTHCSI 
6y.itiBHH'IHH, <i>DPMYIO'IH ii 06'1HCnlOIO'IH '18CTHHH M8WHH, i Ha KiHUi no­
A86MO ii 06roeopt06MO Ti H8HB8M<Hiwi lfHCna, mo xapaKTepuaylOTb co-
6010 MiQHicTb i npy>1<HicTb MaTephrnie. *) 

I. 0CHOBHi repMiHM MiL"HOCTM MarepiAnia. 

Ha n p y * e H HSI. QaM cnoeoM HaaneaeMo TY 11acrHHY cunu, mo 
npanaAae Ha OAHHHUIO nonSI 06TS1>1<eHoro HeIO nepepiay Tii1a. Cuny Mi­
pS16MO Ha KinorpaMH (kg), none - Ha KBa.a,paTOei UCHTHMeTpH (qcm, 
a6o cm2

), a TOMY BHMip Hanpy>1<eHHS1 eanan;ae e kg/cm 2
• Hanpy>t<eHHSI 

Bi.itaHa11aeMo 6yKBOIO a. - Cuna Mo>1<e 06TS1M<eHe HeIO Tino poaTsiraTH, 
CTHCKaTH, rHyTH, CKpyqyeaTH, acyeaTH OAHY qacTb Tina a .a;pyroi (apiay­
B8TH, CKOnlOB8TH, CKowyeaTH). 

AoaeoneHe (6eanetfHe) HanpyM<eHHSI. TaK HaaaeaeMo Te 
H8H6inbWe Hanpy)((eHHSI, mo HOfO 6eane'IHO BH,[lep>1<y6 Tino ; BiADOBi.lJ,Ha 
llbOMY Hanpy>1<eHHIO cuna He MO>l<e He TinbKH nepeMOrTH MiUHOCTH ( CHnH 
BiJlOOpHOCTH) Tina, ane H8BiTb SMiHHTH HOfO BHMipie T3K, mo6 Tino BTpa­
THnO aAi6HicTb cny>KKTH npHaHa'ieeia ifoMy MeTi. ,lloaeoneHe Hanpy>1<eHHS1 
ore ii Kna.a,eMo e ocHoey o6qacneHHSI BHMipie M3WHHoeex qacTHH. tioro 
ei.itaHa11aeMo 6yKeoIO k a ffKHM He6yAb aHalfKOM yHuay (nhtaHa'IHHKOM), 
mo noKaaye, AO SIKoro caMe 06TS1>1<y Hane>KHTb Hanpy)l(eHHR (D.o poarAry, 
CTHCKy, rHyTTSI, TO mo). 

•) lll.tpwi ii ao1<naa1dwi Bi.llOMOCTI a noplY Mlu,eocTH 6yaieenb&BX MaTeplS1-
.ni1 eeabe 'IRTB'I y -KBll>KU.i ,,Miu.HiCTL MRTepisinie" iB>K. c. PBHABKa i B KBB>KU.I 
,,Mh:~elCTb M&Tephrnie (3aAB'IBBK)" ill'IK. P. KaxHaKeBB'la. 06&ABi KBB>KKB BBA&BI 
y Kp lIHCbKIM f pOM&ACbKllM BHA8BBH'IBM <l>OHAOM y npaal. 
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0 JUI H H q He B H Jl 0 B >I< e H HSI a6o BK 0 p 0 q e H HSI ('IH iHaKwe Bi A­
T SI r i e i .11. TH c K). TaKHMH cnoeaMH HaaHeaaMo TY qacTI<Y en.11.oe>1<eHHS1 
(BKOpO'leHHSI) u.inoro CTPH>l<HSI, mo npHnalJ,a6 H3 OAHHHU.IO llOB>l<HHH uoro, 
a6o 1<a>1<ylfn npocTirne, Te en.11.oe>1<eees1 (e1<0poqeeHS1), mo uoro aaaeae 
OllHHHlJ.SI AOB>ICHHH CTpH)l(HSI. l{OB>l<HHY MipSI6MO Ha u.eHTHMeTpH (cm), BH­
JJ.OB>t<eHHSI TaK caMo, a TOMY Miporo BiJlTSiry tfH BiATHCKY a rone tfHcno. 
,l(nsi ei.11.aHatfeHHSI ei.11.rnry u ei11.1uc1<y e>1<neaaMo 6y1<eH E. 

c n j B q H H H HK Bi .II. T SI r y (e i .II.TH c Ky) oaHa'l36 npupicT (llH 8MeH­
weHHS1) KO>l<HOro u.eHTHMe1py .11.0B>l<liHH CTpH)l(HSI, mo Ma6 none none­
peqeoro nepepiay aae6inbWKH e OAHH 1<eanpaTOBHH u.eHTHMeTep i poa­
TSiryeTbCSI (cTHCK86TbCH) OAHBM KinorpaMOM CHJJH. Ut0 eeJIH'IHHY ei.11.aHa­
qasMo 6y1<eoro a. CniellHHHHK eiJJ,rnry He aane>1<HTb aei ei.11. 06rn>1<eoi 
CHJIH, aHi Bi.ll. JJ.OB>l<HHH CTpH)l(HSI, 3Hi BiA DOJISI uoro nonepe'iHOro nepe­
piay; BiH aane>t<HTb nurne ei.11. tj>iaH'iHOi npHpOAH .11.aHoro MaTepiSIJIY, a 
TOMY AJISI 1<0>1<Horo iHrnoro MRTepisiny Mae iHwy eeJIH'IHHy. 

Ta1<HM caMHM cnoco6oM enaHa'la6MO u cniBlfHHHHK Bi .n c ye y fl 
C n i elf H n Ha K a6o Mo .n y n b n p y m Hoc TH .. Ue s eeJIHtfHHa, BiA-

aopoTHa .no cniB'IHHHHKa ei.11.rnry a, ce610 _!__ Ii ei.11.aHatfa6MO 6y1<eo10 
a 

1 c . E, Ta1< mo E = -. mB'IHHHHK npy>t<HOCTH no1<aays, AO S11<oro Ha-
a 

npy>1<eHHSI Tpe6a .ll.OBeCTH CTpH>l<eHb, mo6 BiH BHAOB>l<HBCSI Ha OAHH u.ee­
THMeTep, KOJJH nepeicea .11.oemuea iioro e OAHH u.eHTHMeTep, a none no­
nepetfHoro nepepiay OAHH KB3Ap3TOBHH u.eHTHMeTep. 

C n i e If H H H H K a6o Mo A y n b n p y >1< H o c T H e i p; c y e y. Ue a ee­
l 

JIHtfHHa, ei.11.eopo1ea .11.0 /3, ce6To p· L{JISI eei 6epeMo aHaK G; 0T>1<e 

1 
G= /J" 

Po a p n e He e H .11. o e >1< e H HSI. TaK HaaueaeMo a6inbllleHHSI .11.oe>1<HHB 
poaipeaeoro cTpn>1<HS1, eupaxoeaee y ei.11.co11<ax 0.11. nepeiceoY AOB>l<HHH 
iioro. 

p 0 a pH B He 8 HT 0 H q e H HSI, € u.e aMeHineHHSI DOJISI nonepelfHOrO 
nepepiay poaipeaHoro c1pu>1<HS1, aMipSIHe e Micu.i poapHey ii eupaxoeaHe 
y Bi,!lCOTKax OA nepeiceoro DOJJSI. 

PoapHBHe BH.ll.OB>KeHHSI u BHTOHlfeHHSI xapaKnpuayron co6oro TSlrY­
tficTb MaTepiSIJJY i TOMY eeamalOTbCSI SBH'l3MHO aa MipHJIO DJl3CTH11fHOCTH 
uoro. Tpe6a OAHatfe aayea>l<HTH, mo qacoM MaTepiSIJJ MO>l<e .11.aeaTH BH­
COKe poapHBHe BH.11.0B>l<eHHSI H BHTOHtfeHHSI i 6yTH aapaaoM .11.y>1<e KpHX­
KHM (npo6a ynapHHM rHyTTSIM H8,!lKap6oeaHHX 6pycKiB). 

Mell< a pi e Ho K p a TH o c TH. A Hr niiicbKHH lf>iaHK fyK aayaamue, 
mo, Mi>K BHAOB>KeHHSIMH Ta ei.nnoBi.ll.HHMH iM eanpy>1<eHHSIMH icHy6 npo-
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CTa (niHiHHa) piBHOKp8THicTb, DOKH eanpy)l(eHHSI He AOCRrnH SIKOiCb neB­
HOi BHCOTH. Te Haii6inbllle Hanpy)l(eHHSI, mo AO HbOfO npocTa piBHO­
KpaTHicTb a6epira6TbCSI, aBeMO Me)l(efO piBHOKpaTHOCTH. 

M e >1< a n p y ~Hoc TH. TaK HaaueaeMo Hanpy>1<eHHJ1, mo Bi}lnosi­
Aas Tiii Haii6inbllliii CHni, nicnSI aHeceHHSI SIKOi 06rn>1<eHe Tino npHHM86 
aHosy csoi nepeicHi BHMipu if q>opMy. Tpe6a TYT CKaaaTH, mo TaKoi 
Me>Ki B niifcHOCTi HeMa, mo HaiiMeHllla cuna aanullla6 no co6i ctani, He 
SHHKOMi aMiHH BHMipiB i fl>opMH Tina, i mo ni}l cnoBaMH ,,Me>Ka . npy>K­
HOCTH" Tpe6a poayMiTH Te Haii6inbwe Hanpy)l(eHHSI, mo ifoMy BiADOBi­
,ll810Tb HeaHa'IHi, npaKTH'1HO He Ba>KHi aMiHH. 

3 QbOfO BHSHa'leHHSI BHXO,IJ,HTb, mo Me>Ka npy)l(HOCTH He 6 mocb 
ninKOBHTO CTane, He 6 mocb TaKe, SIK OT Ale>Ka piBHOKpaTHOCTH, .60 B Mipy 
noninllleHHSI H8ll1HX MipHH'1HX npana,1de, a6o B Mipy a6inbllleHHSI ,llOB>KHHH 
npo6HHX CTpH>l<HiB Me)l(a npy)l(HOCTH ece 6inbllle if 6iJibllle Ha6nu>1<a-
6TbCSI ,IJ,O HynR. 3 nponoaauii nMi)l(Hapo,11,HbOi cninKH ,IJ,nSI BHnpo6y 6y.o.i­
eenbHHX MaTepiRnie" aa Me)l(y npy>t<HOCTH npHHM8IOTb Tenep Hanpy­
>t<eHHSI, mo Bi,11,noei,11,ae CTanoMy BH,11,0B>KeHHIO R 0,001 °lo Bi,IJ, nepeiCHO'i 
,llOB>l<HHH. 

Me )I( a n y c Ky. l<mKHHii apict eu,11,oe>1<eHHS1 BHKnHK36TbCSI aeuqanHo 
a6iJJbllleHHRM poaTR)l(PfO'i canH. Ane ttacoM 6yeas ii TaK, mo poan1ry­
eaHe Tino, D0'1HH810tfH a neBHOfO MOMeHTy, BHAOB>KY6TbCSI i TO AOCHTb 
lllBH,IJ,KO, 6ea Bi,llDOBi,IJ,HOfO piBH0"18CHOfO a6iJJhllleHHSI CHJJH poarnry, Ha-
6yeaIO'IH paaoM ia THM aHatfHHX cl-anux BHJlOB>KeHb. BiJJ.DOBiAHe niii cuni 
Hanpy>1<eHHq aeeMo Me )I( e IO n y c Ky. Tpe6a attatu, mo ,11,06pe noMiTHy, 
BHpaaHy Me>Ky nycKy M8IOTb nHllle AeJJKi, TSlfnHCTi MaTepiSIJIH, SIK OT, 
Hanp., cnorpieHe aaniao, nHTe aaniao i AeKotpi BiAMiHH CTani. lfaeya He 
8HSIBnSl6 Me)l(i nycKy. 3aranbHO npHHHSITO B8a)l(8TH aa Me>Ky nycKy Ha­
npy>KeHHSI, aa KOTpHM cTane BH,IJ,OBM<eHHR nepexo,11,HTb aa 0,2 ° / 0 • 

Me>1<a nycKy ,11,nJJ CTHCHYTHX Tin e Ta caMa, mo ii AnR poaTS1rHy1ux. 
po_ a p H B H e H a n p y )I( e H H JI. TaK Ha3HB36MO '18CTKY Bi,IJ, no,11,iny 

poapueHo'i cunu, BHMipslHo'i Ha KinorpaMH, Ha none nepeicHoro nonepe11-
Horo nepepiay CTpH)l(HSI, BHMipJJHe Ha KBa.11paTOBi ueHTHMeTpH. 

noAi6HHM '1HHOM 08H8'1Y6MO Hanpy>KeHHSI pOBTHCKy, poSJiaMy (BiA 
rHyTTR), apiay (BiA CKOCOBOro, Bi,11,cyBHOro o6TSl)l(y) j nepeKpyty (Bi}l Kpy­
tfeHHR). y ciM UHM Ha11py>1<eHHRM ,ll86MO aaranbHY Haasy - p 0 am i n Hi 
H a n p y >K e H H JI. *) 

C n i e 'I u H H H K 6 ea n e 'I Ho c T u a6o a a n a c M i n H o c T u. 6 ne 
'IHCJJO, mo DOKaaye, B CKinhKH paaie H3H6inhllle A08BOJJeHe Hanpy)l(eHHSI 
MeHllJe Bill OADOBia,Horo A8HOMY M3TepiJJJJOBi poaminHoro Hanpy>KeHHSI. 
Konn, Hanp,, poaminHe Hanpy)l(eHHR RKorocb MaTepiHny 6 5000 kg/cm2

, 

a ,11,oaeoneHe Hanpy)l(eHHSI iioro a 1000 kg/cm 2
, TO e niM paai cniB'1HH­

HHK 6eane'IHOCTH 6 5. 

*) T81Cy aaaey AB8MO TOMJ, mo poapne .. pOBTBCK, TO mo, e enacHe poawioeM 
DOMi>M nepBO,llpOC58MB (MoneKynlsMH) Tina. 
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T e e p Ai c Tb. OKpiM enacTHBOCTeii npy>1<HOCTB ii MiQMOCTH, qacTo 
npHXOJlHTbCR 6paTH Ha yeary me H TBepAicTb MaTepiRJiy. ,llm1 BBSHa­
'leHHSI TeepJlOCTH e>1<aeaJOTb Tenep aAe6inhmoro cnoco6y EpHHenR. l..{eii 
cnociCS nons1raa 8 TiM, mo B Jl3HHH MaTepiRn BTHCKaIOTb neBHOIO CHJIOIO 
ea npoTRai OJlHOi MittyTH neeeo"i eenHtJHHH KY nbKY is aarapToeattoi cTaJii. 
'faCTKY BiA no.1liny B>l<HTOi CHnH Ha none noeepxHi BHTHCHeeoi KYJibKOIO 
JIMKH, a6o ea none OTBopy Yi, npHiiMalOTb aa Mipy TBep,11.0CTH J13HOrO 
MaTepiRny i HaaHBaJOTb QIO lfaCTKY c n i 8 q H H H H K 0 M T 8 e p A 0 c T H. 

P o 6 o T o e M K i c T b. TaK eaaueaaMo 'laCTKY BiA DOAiny po6orH, BH­
Tpa 'feHoi Ami poaTRry rpaH'faCTOro CTpH>KHSI, AOBeAeHoro AO poapuey "IH 
AO aaiieHme AoaeoneHoro eanpy>1<eHmr, Ha nepeicHHii 06cS1r CTpH>KHH; 
po6oTy MipR6MO Ha KinorpaMOMeTpH, o6cHr Ha Ky6i'IHi QeHTHMeTpH, a 
TOMY BHMipOM po60T06MKOCTH 6yAe kgm/cm3

• 

11. 3aranbHi sacaAM oCS~McneHHA Mi4HOCTM MawMHOBMX ~acrMH. 

3 orm1,11y Ha eenHKY KOHKypeHQilO 8 MalllHHOBiM 6yAiBHHQTBi, a Ta­
((0)1( Ha AOpO>l<He'ly MaTepiAnie Ta po6oqoi CHnH, 6yAiBHH'IHH DOBHHeH 
Tenep 6inI»we, Hi>K KOJIH He6y,11.b AOci, CTapaTHCR 6y,11.yeaTH M3lllHHH RKO 
Mora Aeweewe, nHnbHYIO'iH aapaaoM, mo6 BOHH 6yna QinKoBHTO 6eane11Hi 
Ha cny>1<6i. TaKe cTapaHHR noqanocR He eiA HHHiWHboro AHJJ i a 6iroM 
"lacy eoeo copH'IHHHJIOCR ,11.0 Toro, mo ii KiJibKicTb o6opoTie Tenepimeix 
.MaUJHH apocna cynpoTH KOnHWHboro, i pieeo11acHo aHa'iHO ni,11.aeceeo 
AOBBOJieHe eanpy>1<eHHR Mareph1nie, 6ea UIKOJJ.H Anff caMoi 6eanelfHOCTH 
cnopyA. Ea>1<aHHff HaB'iHTHCb 6yAyBaTH SIKHau,11.emeewe M8JIO 8 CllOiM BH­
cni.11.i TaK0>1< cnpomeHHff caMoi KOHcrpyKQiY MaUJHH; JJ.OCHTb iaraAaTH TYT 
KOnHUJHi CKnaitHi MexaHi8MH AO KepyeaHHff napOBHX M3UIHH Ta nopy'f 
HHX nocTaBHTH npocTi TenepimHi. 

Y>1<HeaHHR eumax 6eaneqeax ttanpy>1<eHb onpaBAY6TbCR nepw aa ece 
THM, WO TenepiwHi MaTepiRJIH, nopiBHIOIO'iH a KOnHWHiMH, BHSHa'lalOTbCR 
AaJieKO 6iJibWOIO O,IJ.HOCTaHHicTIO. B ceoHi 6y.11.oei Ta MiQHicTIO; DO-Apyre, 
BlllfHHKa piaHHX M8TepiRnie CTOiTb Tenep aHa'IHO Kpame, a po6ory B Maii­
crepHRX nilleeceHO Ha .BHmMii cryniHh AOKJia,IJ.HOCTH. ,llo QbOro Tpe6a ,11.0· 
AITH, mo eiiinoei,11Hi AOCJiiAH Ta o6MiH AOCBiAOM, a,1106yTHM y MaWHHOBiii 
npaKTHQi, a6iJiblllHJIH Hawi aHaHHff Ta ycyHyJIH .11.eRKi HeneBHOCTi Ta cyM­
HiBH, mo He ,11.oaeonRJJH KOJIHlllHbOMY 6yAiBHH'iOMy 06tfHCJIIOBaTH IlOOAH­
HOKi lf3CTHHH M3WHH Ha 6iJJbllli Hanpy>KeHHff. 3a-Anff DOBHOTH Tpe6a me 
HaocTaHQi araAaTH ii npo re, mo Tenep aa.o;oeonbHRJOTbCR ane6inbmoro 
KOPOTWHM BiKOM MaWHH, 60 M8lIIRHOBa TexeiKa WBHllK't> nocrynaa ene­
pe.11., MaWHHH cKopo cTapilOTbCR e ceoiii KOHCTpyKuiY, i TOMY a npH'IHH 
'lHCTO eKOHOMi'IHHX npHX0,11.HTbCff BHKH,11.aTH ix Ta aacTynaTH HOBilllHMll. 

IliA6BpaIO'IH ,11.JIJI ffKOY ae6yAb MaWHHOBOY 'laCTRHH BBMipH, Tpe6a 
a oepwy ronoey eaRTH Ha yeary MeTy Yi, ce«STo AJiff Ho"i cny>1<6B n 
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npHaHa'leHo. 0JJ.Ha 60 pi'I, KOJIH 'laCTHHa npauIOe ni.11 yJJ.apaMH, SIK OT 
TOJIO'IHJibHa, BiTpSIHHQi, TO WO, i JI.pyre JJ.iJio, KOJIH BOHa npo6yeaa niA 
CDOKiHHHM o6TJDKeM. BB6HpalO'IH BHMipH, BHXOJJ.SITb 88HtfaHHO a Ti6Y aa­
caJJ,H, mo Hanpy>KeHHSI B TiJii qaCTHHH Hi 8 0.llHiM Micui He CMi6 nepe­
XOJJ.HTH aa JJ.OBBOJieHy Me>Ky, a6o mo BMiHa BHMipie (BHJJ.OB>KeHHSI, BKO­
po'leHHR, BrHyTTSI, TO mo, - Ka>KyttH eaarani - aMiHODOCTaTb), a6o 
OJJ.HHHtfHHH THCK Ha noeepXHIO He DOBHHHi 6yTH 6iJibWi, Hi>K ue eeaH<a-
6TbCH aa 6eane'lHe. He MeHwy eary Mas cnpaea BHroToeneHHSI 'laCTHHH 
Ta MO)l(JIHBicTb o1pi6KH i1 8 MaiicTepHi, i Ha ue Tpe6a aeepHyTH BiJJ.DO­
BiJJ.HY yeary. <l>opMylO'IH MaWHHOBY ttaCTHHy, 6yJJ.iBHH'IHii IlOBHHeH aa­
ecirJJ,H paxyeaTHC~ a THM, SIKHMH TeXHiqffHMH aaco6aMH BiH KOpHCTf6TbCSI, 
SIK ycTaTKOBaHO Kf8HIO, BiJJ,JIHBapHIO ii MaiicTepHIO, JJ,e Mae Ta ttaCTHHa 
p06HTHCJI, a TaKO>K . HKi caMe nepeeoaoei MO>KJIHBOCTi M86 BiH JJ.O ceoei 
poanopSl.llRMOCTH. Kona, Hanp., BiJJ.JIHBaTH e nepwopstJJ.Hiii ei.11.nHeapHi, TO 
Tiii caMiii 'IaCTHHi MO>KHa 'IaCOM naTH MeHwi BHMipB, Hi>K KOJIH KOpH­
CTyeaTHCSI ripwoIO eiJJ,naeapHero. BiabMiM JJ.JISI npaKnaJJ.y eanoeHii 6iryH­
WHHKY: npH OJJ.HaKoeo .11.06piM MaaHei, o.a.HaKOBiM MaTepiHni JIO>KHCbKa 
Ta OJJ,HaKOBiH CHni OXOJIO,ll.)l(fBaHHSI, BHMipH WHHKH ii Bi.[J.nOBi,!1.HOrO Yu JI0-
)1(.HCbKa MO>KYTb BHDaCTH piaei, B aane>KHOCTi ei.a. Toro, SIKHM caMe cno­
co6oM BOHa o6ro'IeHa, CTapHM 'IH HOBHM - Ha ]JffqKyBaJibHiH ( wni£jJO­
B3JibHiH) MaWHHi. SIKmo waiiKy BHJIH'IKOBaHo ( 06wni«1>oeaHo) Ha npe­
QHaiiiaiii (ll.OKJiaJJ,HHi) MaWHHi, TO MO>KHa npHiiMaTH, IUO BOHa npHJISlraa 
JJ.O rHiaAa JIO)l(HCbKOBOfO no lliJiiH ceoiif AOB>KHHi ii npauioa piBHOMipHO, 
a 11epea Te MO>KHa JJ,aTH Tii BHMipa MeHwi, Hi>K TOJJ.i, KOJIH WHHKY o6-
po6neHo cTapHMH ii Meew .a.oKnaJJ,HHMH cnoco6aMH. Ba>KHY ponIO BiJlo­
rpae TaKO)I( CKJiaitaHHSI (MOHTa>K) MaWHHH. /J.e 6 MO>KJIHBicTb KOpHCTyBa­
THCSI nepwopSIJJ.HHMH CHJiaMH, TaM MO>KHa 6paTH MeHWi BHMipH; ane 
MalO'IH JJ.iJIO a MeHw JJ.OCBiJJ,'leHHMH CKJJaJJ,a'IaMH, Tpe6a cnoniea THCL, mo 
niJJ. qac CKJia.118HHSI OOBCTaHyTb B OKpeMHX qaCTHHax nepeHanpy>KeHHSI, 
a T

0

0MY 8 UiM paai He MO)l(Ha KJI8CTH B OCHOBY o6qHcJieHHSI BHCOKHX 
Hanpy>KeHb. 

OtteBHJlHa piq, mo KO>KHHH MaTepiJrn 8 OJJ,HaKOBiH Mipi rO.llHTbCSI, SIK-
1.UO 6 MO>KJIHBicTb 6paTH OJJ.H3KCJBHH aanac MiQHOCTH i SIKIUO HeMa 06-
TSl>KY yJJ.apeoro. l<OJJH OT>Ke MiqHicTb Sl"OfOCb Marepisrny MeHwa, TO BH­
CTap'IHTb yaJJTK einnoeiJJ.HO 6inhwi BHMipH. Oimatfe ii y paai cnoKiiiHoro, 
6eay.11.apeoro o6TR>KY JJ.OBOJlRTbCJI qacTO BH6ipaTH JiiDWHH i JJ.OpO>K'IHii 
MarepiJIJI; ue po611TbCSI caMe TOJJ.i, KOJIH MaJIO MicQJI ii BillDOBiJJ,Ha qa­
CTHHa M8Wl1HH DOBHHHa 6yTH JIKHaii6iJibWe o6Me>KeHa 8 ceoix poaMipax, 
a6o KOJIH Tpe6a 6yAyBaTR JIKH8HJICKWe. Qro OCT8HHIO BHMOry aycTpi'la-
6MO, Hanp., a 6yAiBHHQTBi napoeoaie, naponnaeie, caMoxo.ttie (aeT), niTaKiB, 
TO ~o, lthoro BHMaratoTb TaKO>K TSl>KKi YMOBH nepeeoay, aaMOB.DCHHJI, WO 
po6miTbCJI aaa-rpaHRQi, 60 BOHH ODJ13tfflOTbCJI 8BH'I3HHO BHCOKHM MHl'OM ia 
earH TOBapy I i eapewTi BHCOKi KOWTH nepeeoay. l{OCHTb 'I8CTO BHCOKO 
o6TSl>KeHi 'I3CTHHH 8BH'I8HHRX CTaJIBX M8WHH po6JIRTb ia H8HJiinworo 
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Manphrny, mo6 U.HM aMeHWHTH BHMipH cyciJJ.Hix ttaCTHH, a THM caMHM 
o6HH8HTH Bary H KOWTH u.inoi MaWHHH. t(o BH6opy MiUHiworo, a aHa­
'IHTb i JJ.oi:;omttoro MaTepisrny 11acTo npaMywyIOTb Hae 11.\e H yMOBH pyxy 
MaLUHHH: rnBH.11.KHH xi.11. "fi, a oco6neeo eeJIHKi npacKopeHHSI H aeRaaHi 
a UHM eeJIHKi CHJIH iHepuii pyxoMHX Mac. Yeara 6y.u,ieHHttoro aaecir.llH 
DOBHHHa 6yTH aeepHeHa Ha Te, mo6 Ha.U,aTH 6y.o.ieni SIK paa TaKy <j>opMy, 
KOJJH .a.aHHH HOMY MaTepiSIJl MO>Me 6yTH B>MHTHH y HaiiMeHwiii eaai, no­
Tpi6yBaTHMe H3HMeHLUHX BH.U,aTI<iB Ha 06pi61<y Ta MaTHMe Haii6iJibllIY 
MiUHicTb. tio UbOro BiH DOBHHeH ill.\e aea>MHTH, m6 caMe .o.as B OCT3TO'l­
HiM ni11.cyM1<y .u.erneewy 1<0Hc1py1<u.i10 : ttH ii.oporuu MaTepislJI ia BHCOKOIO 
MiUHicTIO, TSlryttiCTIO Ta MaJIOIO earmo, 'IH .o.eweBLUHH MaTepistn ia 6inb­
WOIO earOIO. 

KonH Tpe6a MaTH SIKO Mora Mettrny Bary, TO ttaCTO Bi.D.KH,11.alOTb Ti 
11ac1i .Ma1episrny, mo eiii.orpaIOTh Heeenu1<y ponlO a MiQHOCTi 6y.u.ieni : 
Hanp., BHceep.u,n1010Tb Hanoa.u.oe>K cepe.u.oenHy eanie, TonottunbH, yaeicKie; 
en>Kono6nt010Tb ia o6ox 601<ie noroHatti, To mo. 

51Kll.\O npHXOJJ.HTbCSI 6paTH Ha yeary p>KaBiHHSI ii poai.u,aHHSI MaTe­
pistny, TO Tpe6a, a OrJISIJJ.Y Ha o6CT38HHH, a6o B>KHTH iHworo MaTepiRny, 
a6o B8SITH BiJlDOBi.U.HO 6iJILWi BHMipH, a6o HapewTi HaBiTb DOKpHTH Ma­
TepiSIJI eepcTBOIO Hep>1<ae1<oro MeTany. 

1..Qo.ao BH6opy 6eanettHoro aanpy>KeHHSI, TO TYT aa-caM- nepe.u. pi­
rnas cnpaey .aocei.u., a.u.o6yTHH y 6y.u.ieenbHiii npaKTHQi. 01<piM caMoro 
cnoco6y 06Tst')f(eHHS1, 'lHMany ponlO ei.u.orpalOTb me o6crasuHH ci1y>K6H 
6yJJ.ieni. To He ece O.llHO, 'IH MaWHHa npeaaatteaa .u.nst .11.oero"i cny)f(6H, 
'IH .U.JISI KOpOTKOi. l{estKi ttaCTHHH B HOpM3JlbHHX norOHHHX (pyrniHHHX, 
CHJIOTBOpHHX) M3UUIH3X TOproeux naponnaeie Tpe6a, Hanp., po6HTH 6inb­
WHX BHMipiB, Hi)f( y M3LUHH3X MiHOHOCUiB, 60 OCT3HHi JIHLUe npHHarint10 
ii 1<opoTKv.ii qac opaut010Tb ni.u. Hau6inbWHM 06Tst>1<eM. Ey,11y10ttH MawuHy 
JlJISI MiHoHocuR, MO>MHa 6inbrne paanKyeaTH; ryT M11Moeo;1i .u.oeop,HTbCSI 
6paTH MeHlllHH aanac MiU.HOCTH, XO'I 6H a Tisi npHttHHH, mo MaWHHa 
DOBHHHa MaTH SIKHaHMeewy Bary, He 1<a')f(yttH B>Me npo Te, 11.\0 Haii6inb­
WHH o6Tst)f( i1 Tpneas KOpOTKHH qac. Ane a ii.pyroro 6oKy, TaKi 11acTHHH 
M3LUHH, RK OT wpy6H noroHattiB, CTSl>l<Hi wpy6H poariHHHX KOJiic, TO 11.\0, 
Tpe6a po6HTH SJKO Mora MiUHiWHMH, 60 KOJIH" TaKa ttaCTHHa 8JIOMHTbCSI, 
TO MO>Ke nOTSlrHyYH aa co60IO pyYHy .u.anbWHX ttaCTHH i HaBiTb u.inoi 
cnopyJlH. B uiM paai oma.11.tticTb Ha MaTepisrni Ta eaai s pitt u.inKOM .11.py­
ropstnHa. TnM. TO eu6upa10ttH eucoTy Hanpy')f(eHHR, Tpe6a aaecirJJ,n 6paTH 
Ha yeary TY cny')f(6y, mo JlJISI He'i npnaHalfa6ThCSI eiJJ,noei.11.Ha ttacrnHa 
M3WHHH. EnH>Klfi i.f JlOKnaJJ,Himi ,11.aHi WO.llO eenHlfHHH .llOaeoneHHX Ha­
npymeHb BHDHC3HO A3Jli. 

'iacTHHH MaWHH, mo 3Y')f(H83IOTbCSI BiA aeocy, Tpe6a TaK 6y.ayeaTH, 
mo6 MO>KHa 6yno nerno H Jteweeo aaCTynaTH ix HOBHMH, He ncy10lfH 
npn uiM iHWHX .aoporHX tt3CTHH (aMiHa ni.D.XJIHIIKOBBX cip,an, HanpSIMHHUb 
XJJHDKOBHX CTpH')f(HiB, TO WO). ,l(opori ttaCTHHH M3UJBH, WO T3KO>I< ncy-
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IOThCff ei,11. aHocy, SIK OT ei6na, TOnOliHnhHa, TO mo, Tpe6a 6y,11.yeaTH 
rpy6wHMH i a TaKHM poapaxyHKOM, mo6 Yx M0>1<Ha 6yno ni,11.npaRJJRTH 
( cToqyeaTH, cmrnoeyearn, TO mo), a He aacTynaTH HOBHMH. 

B ocHoei ,11.06poro 6y,11.yaaHHR ne>KHTh Mi>K iHWHM aaranhne npaeH­
no, mo Kame yHnKaTH panTOBHX, npnKpnx nepexoAiB Ta KyTiB, a TaKo>K 
rocTpnx BHToqnH. Bci panTOei aMiHH HanpSIMKY Ta nonepeqHHX nepepi­
aie aMeHWYIOTh MiQHicTb BiAOOBinHHX qacTHH. THM TO HiKOJIH He MO>l<Ha 
po6HTH Ha BaJJOBHX 6iryuax npHKpHX ycTynie, a aaecirAH B QHX MicQSIX 
Tpe6a naearn nariAHi aaKpyr neHHH. B pieHiH Mi pi Tpe6a SIKO Mora na­
ri,11.Hiwe aaoKpyrnJOBaTH nepeXQAH BiA KOJiiH AO oci Ha KOJiiHqacTHX Ba­
nax Ta ei,11.noBiAHi MicQSI ea eiTpSIHHURX. TaK caMo ii einnueaHi 1<pnca 
DOBHHHi a einnoBi.l(HHMH aaoKpyrneHHSIMH nepeXOD.HTH AO ei6no'i qacTHHH 
Tina. Baarani >1< y BiAnHeax Tpe6a yHHKaTH rocTpux KYTiB; RKlllO nei 
CTiHi CTOSITb CTopq OAHa AO OJlHOi, TO Tpe6a .u.o6pe aao!lpyrnHTH KYT 
Mi>t< HHMH, ei.u.noBiJlHO AO eeJJH'IHHH BiJlJIHBY. l.facTi IlOJIOMKH MallJHHOBHX 
qacruH, mo paa-y-paa noe1opro10TbCS1 caMe Ha ocna6neenx MaJIHMH aa­
OKpyrneHHSIMH MicQSIX, ceiJlqaTb npo Te, mo 6ynieHuqj ece )I( TaKH me 
ue AOCHTb IlRJibHO OCTepiralOTbCSI panTOBHX nepexonie. 

Y ei.u.nueax Tpe6a TaKO>K cTapaHHO yHnI<aTH c1<yn'IeHHR Mac, 60 
BOHO cnpu1.1HHS16TbCH .u.o euTeopy nynnaeuH. Tpe6a TaKO>K nnnhHyeaTH 
aa THM, mo6 rpy6ocTiHHi MicQSI nepeXO.l(HJIH H TOHKOCTiHHi He BiJipaay, 
ue panToeo, a noc1ynHeeo ii nariAHO. 

HapernTi aayea>KHMO, IUO B THX e1ma.u.Kax, KOJJH MO>t<Ha CDOJJ.iBarncb 
BHHHKY Hanpy>t<eHh niA qac aacrHraHHff BiAJIHBY (einnaeHi Hanpy}l{eHHR). 
'fH niA qac aMiHH reMnepa1ypH (TeMnepa1ypei Hanpy}l{eHHR), Tpe6a oco6-
nueo c1apaTHCh, mo6 K0Hc1py1<uisi naeana einnoeiAHHM qacTHHaM M0>1<­
i1HBicTb BiJJhHO ii 6ea nepelllKOA MiHffTHCSI B CBO'iH DOCTaTi. BiAJIHBHi ii 
TeMneparypHi uanpy>1<eHHff nepeeHmyJOtb ane6inbrnoro e cKiJihKa paais 
uopMaJJbHi Hanpy>1<eHHS1, ce6rn Ti, mo noecTaJOTh on cny>1<6oeoro, po6o­
'foro 06rS1>1<y. 

B THX ennaAI<ax, KOJIH aa-AJJSI oneocTaHHOCTH neBHHX MarneHoeux 
qacTHH icHYIOTb aaraJJhHO npHHHSITi HOpMH ix, 6yniBHHtfHH DOBHHeH oqe­
BHJlHO nep>1<aTHCSI QHX HOpM. 

111. Cnie~MHHMKM npy>KHOCTM iii Mi"-'HOCTM. 

B Jl3JlhllliM BHKJJaAi MaTHMeMo Ha yeaai e neprny ronoey aaniao if 
CTaJJh, uauaa>1<Hirni MaTepiSIJJH B MallJHHOBiM 6yAiBHHQTBi. Ane neeHa 'Ia­
CTHHa CKaaaHoro TaM MO>Ke 6yTH y BiADOBiAHiH Mipi npuroqeHa TaJ<O>I< 
i AO iHlllHX MarepiRnie, y>1<ueaHux y 6ynieHHQTBi. 3 ornSI.llY Ha 6paK 
Micusr, noAaHo ryT cnietfHHHHKH npy>1<HOCTH Ta MiQHOCTH ronoBHHM qa­
HOM AJJSI c1ani if aaniaa. 

BuMorH mo.u.o MiQHOCTH, poapHBHOro BHAOB>t<eHHSI u earouqeHHSI 
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aaniaa Ta cTani Ha npaKTHUi 6yea10Tb piaHi, 8 aane>KHOCTi 8iA npuaHa­
'leHHSI uax MaTepis1Jii8, a TaKO>K OA 6a>1<aHHS1 aaMoeuR. BiAnoein.eo AO 
llbOfO B.Hp06JieHo neeHi HOpMH, ane UJI KHH>l<Ka He Mae Ha MeTi oaHa­
HOMJllOBaTH lfHTalfiB ia TaKHMB HOpMaMH. Trr nuwe 6YAYTb noµ,aHi "npH­
nacn Anff nocTalfaHHSI aaniaa ii cTani" cniJIKH HiMeQbKHX ripHH'IHX npo­
MHcnotnde. 

51K 6yno 8>Ke paaiwe aaaea1:1eao, o6"1acneHHR SIKOi HeCiyAb 11acTHHH 
6yJJ.ie11i, eaarani Ka>Ky'IH, Tpe6a npoeaAHTH TaK, mo6 Hanpy>KeHHSI e >KaA­
HiM Micu;i Yi He nepexop;uno aa JJ,oaeoneHy Me>Ky. Ane, 8 aane>1<HOCTi BiJI 
npHaHa"leHHSI 'laCTHHH, Ha BH6ip BHMipiB "ii MO>t<yTb qacoM ynnueaTH H 
neeHi 8HMOrH mon.o 8MiHOOOCTari 'ii'. PeMeHi, Hanp., MO>l<YTb CJIY>KHTH 
JJ.O niAHeceHHR TJlrapie, a TaKO>K i JJ.mt nepe.ita"li pyxy. B nepwiM paai 
JlOCHTb o61fHCJII083TH ix Ha MiQHicTb; 8 JJ.pyriM - Tpe6a aeepHyTH yeary 
Ha 8H,llOB>KeHHff, 60 BOHO 8i,llorpa6 TYT HaiirOJIOBHiwy pomo. lfepea Te, 
mo 8 uiM ocraHHiM paai 81!,llOB>KeHHJI peMeHIO He CMilOTb CiyTH H8ATO 
eenHKi, a npy>1<eicTb iforo ae aaean.To Mana, TO ii Tpe6a. mo6 Haiieame 
'Hanpy>KeHHR iioro 6yno aHa'fHO HH>Klfe eiA Toro, Ha RKe ,noaeonRe iioro 
Miu;HicTb. t(pyrBM npHK.na.110M AJISI QbOfO MO>Ke CiyrH ean JJ.HHaMOMaWHHH 
a Hacap;)l(eHOIO ea HiM Kireuu;ero. Sli<mo 061:1ucnurH iioro nuwe Ha Miu;­
HiCTb, TO MO)l(e crarHCSI, mo BiH yrHHaTHMeTbCR niA 8arOIO KiTBHUi TaK 
r nu6oKo, w.o ue WKOJJ.HT.HMe caMiH po6ori AHHaMoMaWHHH. B TaKHX BH­
naAKax He JIHWa6TbCSI Hilforo ieworo, SIK 06'iHCJll08aTH BHMipH eany Ha 
aMiHonocraTb, ce6To ,nonycKaTH nuwe neeHe BrHyTTSI i'i ei~noeiAHO AO 
Qboro eupaxoeyeaTH norpi6HHii MOMeHT iuepuii iioro nonepe11Horo ne­
pepiay. 6 me OJJ,Ha o6cTaBHH3, mo npHMYIIIY6 B neBHHX BH08,llK8X 0,lJ,XH­
JISITHCSI 8iJI HOpMaJibHO JJ.0880JieHHX uanpy>KeHb, a caMe: yJJ.apH ii )l(HBi 
CHnH. L(e BOHH TpanJISllOTbCSI, rpe6a 'ix 8iAOOBiAHHM "IHHOM ouiHI088TH, a 
KOJlH ue HeMOll<JIHBO apo6HTH, TO aaJIHWa6TbCSI 6,llHHHH BHXiA - nepe-
80,llHTH 06"1HCJieHHJI, npunycKalO"IH, JJ.O neBHOi'. MipH H88f8,ll, SIKO Mora 
MeHrni uanpy>KeHHJI. 51Kmo "13CTHHH CiyJdeni M8IOTb aaauaeaTll CHJlbHHX 
y,llapiB, TO B lliM paai ninwe ,llllSI HHX 8>KHB8TH MaTepiSIJiiB ia eenHKOIO 
po60T06MKicTIO. 

Ha cTopieui 13. noAaeo ra6nauro Cieane"IHHX eanpy>1<eHb AJISI Toro 
eanaAKy, KOJIH MarepiRJIH npauroIOTb y asu11aiiHiM cTaHi Tenna. Tpe6a 
TYT aay8a>KHTH, mo Hanpy)l(eHHSI, 8Miw.eei. ni.11 aHa1<0M a, rO,llSITbCSI irnrne 
JJ,ml TRX BHOaJJ.KiB, KOJIH o6TR>K COOKiiiHHH. Hanpy)l(eHHSI niJJ. aHaKOM b 
npHTO"leHO JJ.O BHil8JJ.KiB, KOJJH o6TSl)I( "IH Hanpy>KeHHSI MiHSl6TbCSI AOBiJibHe 
"IHCJIO paaie OA HYJISI JJ.O HKOlCb Haii6inbW0°i 8eJIHlfHHH, SIK ue, Hanp., 6y­
Bae B ay6ax nane"IHHX Konic. HapewTi eanpymeHHSI ni.it aHaKOM c no­
Jl3HO Ami THX eunaitKiB, KOJIH o6TR>K "IH Hanpy>KeHHSI ,o.nSI OKpeMHX 80-
JIOKOH MiHSIIOTbCSI paa-y-paa OJJ. RKOiCb Haii6iJibWOY AO,llaTHbOI BeJIHlfHHH 
AO TaKoI >K eanMeHwoI ai,o.eMHOi 8eJIHlfHHH, a noeTopHiM 11opS1AKY. Ue 
6yaae, Hanp., niA 'lac DOBTOpHoro rHyTTSI a6o KpyqeHHSI B ABOX npOTH­
Jie>KHHX HanpJ1M1<ax. npa1<naitoM TaKoro po,o.y aMiKH 06TS1>1<y ii eanpy-
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>KeHb MO)f(e cny)f(HTH o6rSl)f( eany a Haca,a.>KeHHM Ha HiM poaroHJt'ieM: 
ni.a. ttac Kpy)f(6H Ti caMi eonoKHa eany paa poaTS1ry10TbcSJ, paa cTuc1<a-
10TbCSJ, a Ha 6aii,a.y)f(iii oci uoro )f(a,a.He Hanpy)f(eHHSI eaarani He noe­
cTas. 

SlK eH,a.1<0 a Ta6nuui Ha cTop. 13., aaaHa 11eHi TiJibKH mo 6eane11Hi 
Hanpy}l{eHHSI a, b Ta c pieHoKparHi a lfHCJiaMH 3: 2: 1. TaKy aane)f(HicTb 
Mi>K HHMH BCTaHOBJieHO 3 0,lJ.HOrO 6oKy Ha ni,a.cTaBi 6eanelfHHX Hanpy­
>KeHh, w.o "ix eupo6ui1a a 6iroM ttacy npaKTHKa MarnnHoeoro 6y,a.iBHHQTBa, 
a a .a.pyroro - Ha niJJ.cTaei ,a.ocniJJ.iB Bunepa, *) mo caMe ii JJ.a10Tb JJ.JISI 
Tpbox HaaeaHHX cnoco6ie o6TSJ)f(y, npHHaiiMHi JJ.JIH Koeyttoro aaniaa, npu-
6JIH)f(HY piBHOKpaTHiCTb 3: 2: I. 

B ii.iikHocTi .a.as Ho B)f(e 6y no Bi.tlOMO, w.o eaarani MiHJJHBHH o6TSJ)f( 
WBHl).lfe ,1J.Ot1p0Ba.1J.)f(Y6 Tino ,IJ.0 poanaMy, Hi}I{ o6TSJ)f( CDOKiiiHHH i piBHO­
CTaJIHH. Ane AOnipy BHnep wnsixoM ceos"f .u.eausrTuniTHboi npaui, WJISl­
xoM AOCJii.lly BCTaHOBHB lfHCJIOBi aaca.u.u QbOro. 

Yearn .a.o Ta6nuui Ha crop. 13. : 
t.{o uu<jlpu 1. Sl1<w.o cnorpieHe aa11iao .a.y>Ke .u.o6pe, a caMuii o6TSl)f( 

CBOIM HanpSIMOM CXOJJ.HThCSJ B O,IJ.HO a BiCCIO CTpH>KHSI Ta HanpSIMOM 80-
JIOKOH, TO no,a.atti 6eanettHi Hanpy>KeHHSI MO)f(Ha, stK Ka)f(e Eax, niAHO­
CHTH w.e a>K Ha 1

/ 3 ix. 
Ao un<jlpu 2. Hai:f6iJ1bwi 11uci1a MO}l{Ha B}l{HBaTH JIHllle B TiM pasi, 

KOJIH MarepiSIJI uiJIKOBHTO HaJliHHHH. 
Ao uncl>pu 3. Bunep npniiMae JJ.ml aarapTOBaHHX earoHoeux ni,a.npy­

>KHH KOJIHBaHHSI Hanpy>KeHb OJ]. 6500 ,IJ.0 8600 kg/cm 2
• 

Ao uncl>pH 4. HK 6n npHiiMaTH JJ.JISJ ttaeyHa kb = kz i o6ttncntoeaTH 
a AODOMOrOIO aeuqauHHX eaopie rnyTTSJ, TO MiUHicTb lfaByHHHX JJ.BHrapie 
BHXOAHJia 6 aaHa,lJ.TO HeJJ.OQiHeHOIO, ce6TO BHMipu ix BHXO,lJ.HJIH 6 6ea no­
Tpe6H 6inhllli, Hi>K 6n Toro BHMarae o6TSJ)f(. 3 Toi npHlfHHH, mo a ( cnie­
liHHHHI< eiurnry) JJ.JISI ttaeytta e Mipy a6iJihllleHHSI Hanpy>KeHh apocTae, 
Kpaif Hi BOJIOi<Ha airHyToro qaeyHHOro ABHrapSI cna61I1e OOTSl}l{eHi, Hi>I< 6u 
ue euxot1,n110 a 06paxytt1<y, a6o, Ka>1<yttu iHaKllle, cepe.a.oei BOJIOKHa tta­
Bytta npaQIOIOTb CHJibHiwe, Hi)f( BOHO BHXO,IJ.HTb ai eaopy rHyrn1, OCHO­
BaHoro Ha CTaniM a. I caMe BHSJBJJS16TbCS1, w.o MaKCHMYM 06TS1>1<y, 6ea­
nelfttoro AJISJ qaeytta, aane)f(HTb OJJ. cl>opMH nonepetttrn iioro, a Ta1<0>1< i 
Bi,D. Toro, 'iH Ma6 BiH OJJ.JIHBHY KOpy. 0KpiM TOro, MalOTb BDJIHB me H 
a6COJIIOTHi BHMipu Bi~JIHBY, 60 llOCBiJJ. noKaays, w.o B cepeJJ.HHi rpy6woro 
ei.u.mrny MaTepiSIJI, a npH'iHHH MeHWOI rycTOTH, W.iJibHOCTH, He TaKHH 
MiQHHH, Sii< y TOHWHX Bi.ll,JJHBax. 

u..\06, DOMHMO QbOrO, MO>l<Ha 6yno ece )I( T3KH B>l<HBaru 3BH'iaHHOro 
eaopy rttyrTSI, enpoeaa>1<ysMo aa npmrna.a.oM Eaxa e paxyttoK .a.nsr kb eiJJ.­
noei.u.Ho eemi qucna. Ha ni,a.cTaei enacHHX aocniJJ.iB Rax npunycKas ra1<i 
6eanetttti rHytti Hanpy>KeHHSJ ,a.nsi lfaeytta: 

•) Wohler. npo AOCiliAB aan MiU.HiCTIO aanlaa ii CTaJii. BepniH 1870 (Bin6ena 
a ,,Die Zeitschrift fi.ir Bauwesen", piK 1870). 
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6ea I<OPH a 1<opmo 

AnJI cnoco6y 06TS1>1<eHHS1: a b c a b c 

() 1<pyrne nonepeqqff: 
2,05 k. = 615 410 205, 1,7 kz - 510 340 170. kg/cm2

; 

[] CTopqopaMeHHHH qoTHpOI<YTHHK: 
1,7 kz = 510 340 170, 1,4 kz = 420 280 140 kg/cm 2

; 

1 ABOCTpiwHHKoee nonepeqqS1 (npnnycKaIOqu cepeAHi yMoeu): 
1,45 kz = 435 290 145, 1,2 kz = 360 240 120 kg/cm 2

• 

,i(JISI Ay>Ke A06poro qaeyHa MO)l(Ha, SIK paAHTb 6ax, a6iJiblllYBaTH 
nonepeAHi qHcna .llJISI k. Ta kb Ha DOJIOBHHY, a TO ii 6iJibllle. 

BuSJBJIS16TbCS1 TaKO>K, mo H BiAnopHicTb qasyHa npoTH KpyqeHHSI aa­
Jie>KHTb O.ll q10pMH nonepeqqS1; TYT O,llHaqe Kopa qasyHa Mae MeHwHii 
BDJIHB. 3riAHO a ,llOCJii,llaMH 6axa MO)l(Ha npHHMaTH: 

AJISI cnoco6iB o6TSJ>KeHHSI : a b c 
Kpyrne nonepeqqSI 
Kpyroee KiJibU,e 
KBa,llpaT 
CTopqopaMeHHHH qoTHpOKYTHHK, 

DO,llOBraCTHH 

kd = 1,0 kz = 300 200 100 kg/cm~ 
ktt - 0,8 kz = 240 160 80 n 
kd = 1,4 kz = 420 280 140 n 

kd = 1,6 kz = 480 320 160 ,, 

l(o u,Hcj>pH 5. CTaneeux BiAJIHBie y>KueatoTb y MalllHHOBiM 6yAiBHH­
u.rei TaM, ]le Tpe6a MaTH qacTHHH, Miu,Hillli BiA qaeyHa, Ae OT>Ke qasyHHi 
BiAJIHBH 6ynu 6 aaHa.llTO Ba>KKi. CTaneBi eiAJIHBH CKJiaAHOY ct:iopMH nicJIR 
JIHTTSI Tpe6a aiJJ;>KapyBaTH i Bi,llTaK DOBOJii OcTy>KyBaTH, mo6 ycyHyTH 
Bi.llJIHBHi Hanpy>KeHHSI. ,l(o6pi craneei Bi.llJIHBH DOTpi6yIOTb AJISI CBOro BH­
rOTOBJieHHSI Ay>Ke AOCBiAqeHHX MaikTpie i qeJISIAHHKiB; Ta npoTe TaKH 
qacTo TpanJIS16TbCSI, mo qepea piaHi BHDa,llKOBi npuquHH CTaJieBi BiAJIHBH 
BHX0.11,SITb llJnapHCTHMH Ta nynnaBHMH. 0T>Ke Tpe6a ,ll06pe naMSITaTH, mo 
JIHllle B TiM paai MO>KHa BHXOAHTH no-aa Me>Ki AaHHX y Ta6JIHUi Ha 
CTOp. 13. U,Kcj>p, I<OJIH 6 neBHicTb, mo BiADOBiAHHH MaTepiSIJI HaJie>KHTb 
·AO ttai:fninllloro 8Hpo6y. 51Kmo CTaneei BiAJIHBH JJ.y>Ke A06pi, TO ,llJISI HHX 
.MO>KHa 6paTH t'.Jeaneqai aanpy>1<eHHS1 Ti caMi, mo ii JJ.JISI JIHToro aaniaa, 
a To u sumi. 

,l(o u,ucj>pH 6. BenuquHa kb AJISI Kosyqoro aaniaa Ta nuroi cTani 
npuiiMa6TbCSI aeHqaifHo Ta caMa, mo ii JJ,nSI kz e paai poaTS1ry. Ane 
e AiHCHocri imJJ.aHi .llJISI kb eenuqnHH .MO>KHa niAHOCHTH Ha 1 

/ 4 , a TO ii 
6inbme, oco6mrno KOJIH .MaT-epiHJI THryquii, 60 B 06rS1>KeHiM rHyqnMH cu­
naMH TiJii HaH6iJibWe Hanpy)l(eHHSI DOBCT36 8JJ,eOiJiblllOrO JIHWe 8 OJJ.Hi.M 
nonepeqHi.M nepepiai i TYT JIHllle B 1<paiiaiH eepcTBi iioro. 51Kmo BiJJ. 
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n.osroro nepeo6TS1>1<eHHS1 KpaiiHff sepcTBa non.aaTbcsr, TO npauJO nepeiiMa­
IOT1' Ha ce6e HH)l(lfe DOJJO>l<eHi BepCTBH. QHM i Tpe6a DOSICHIOBaTH Te 
Jrenwe, wo 06TS1>1<eHHii rHyTTSIM cTpH>1<eHh eun.ep>Kya .naneKo 6inhrnuif 
06TS1>1<, Hi>K ue ei.nnceiir.aa poaTS1>1<Hiii MiQHOCTi MaTepiS1ny. 

Ao QHlj>pu 7. I..Qon.o 06TS1>1<iB apiay Ta Kpy11eHHS1, TO non.aHi n.nH 
HHX eenH'IHHH 6eane11ttoro Hanpy>KeHHR Tpe6a B>KHBaTH, KepylO'IHCb yea­
raMH, DOMiweHHMH ni.o. QH<j>pOIO 6. 

HanpHKittni aayea>1<HMO we, w.o piatti n0Ka>1<11HKH MaTepinnie no­
.11.aJOTb 11,nff n.poTie i no.ni6ttoi lj>opMH BHpo6iB aHa11ao euwi 11ucna MiQHo­
CTH .. Qe DOXOAHTb ia TOrO, WO BiA BOJJOtfeHHff .npoTy ywinbHI06TbCR Ma­
TepiSIJI iioro i ue ywinbHeHHSI B TOHKHX .upoTax DOlllHpl06TbCSI a>K .no 
tlaHrJIH6rnoY cepe,llOBHHH "ix. I we Tpe6a aayBa>KHTH, WO KOJJH KOHCTpyK­
UilO AOKJia,IJ,HO ii CTapaHHO poapo611eeo, KOJIH MO>KHa cno.niBaTKCSI DHJJb­
HOrO BHKiH':leHHSI 'fi Ta KOJJH HapewTi B>KHTO 6y.11.e AJJSI He"i .ny>1<e .11.06-
poro MaTepiS1ny, TO MO>KHa BHXO,llHTH no-aa Me>Ki 0011,aHHX Ha Ta6nHQi 
6eane11HHX Hanpy>1<eHb, a6inhrny1011H ix. OcTaTO'IHO 6yn.isenbHa npaKTHKa 
DOBRHHa caMa piWaTH, 'IH n.oaeoneHi llJUI .nattoro BHDallKY Hanpy>KeHHSI 
MO>KHa eea>1<aTH aa 6eane11Hi, 11u ai. Ta HiKonu He MO>KHa a n.oaeone­
·HHMH Hanpy>KeHHSIMR nepeXO,llHTH aa Me)f(y npy>1<HOCTH, a6o, w6 we 
riprne, ,IJ,OXO,llHTH ,110 Me>l<i nycKy, 60 Benu1d CTani aMiHH lj>opMH MaWH­
HOBHX 113CTHH y »<anHiM paai He.11.onycTHMi B 6yn.iBHHUTBi. 

IV. OcHoeHi B3opM 3 reopii Mi4HOCTM MaTepiRnia. 

1 
II. A = l. ks. £: 

III. P= f. k: 

t. Po a T SI r. 
P oaHa11aa poaTSl>KHY cuny, w.o n.ie e HanpRMi no­
BJlOB>l<HbO"i oci cTpH>1<HS1, B kg; f - none nonepe11-
eoro nepepiay (nonepe1111R) c1pH>1<HR B cm2

; kz -
n.oaeonette (6eane11He) Hanpy>KeHHff B kg/cm2

• 

A BHAOB>KeHHR CTpH>KHSI B cm ; l - nepeicwy .noe­
>KRHY CTpH>l<HSI e cm; kz - Hanpy>1<eHHJI; E - cnie­
'IHHHHK a6o MOAYJJb npy>KHOCTH. 

2. 0 TH CK. 

P i f MaJOTb Ti caMi aHatiiHHR, wo if euwe; k -
Jl03BOJJeHe Hanpy>KeHHR CTHCKy. 

IV. 
1 

l = l. k . E: Ji. - BKOpotieHHSI cTpH>1<m1 e cm ; iawi 6fKBH MalOTb 
Ti caMi attatiiHHSJ, wo ii y eaipui II. 
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n 2 E <BJ 
P11: = 4 12 : 

p _ 4 n E ®. 
k - 12 • 

3. r H y q II it C T II C K. 

(pue. 1) (pee. 2) (pee. 3) (pee. 4) 

OJIHH KiHeUb CTPH)l(Hff HepyxoMO aanpaaJieHHH, llPY­
rHH BiJibHHH (pHC. 1). 

o6B,llBa KiHUi CTPH)l(Hff He aanpaBJieHi, ane npHMyweai 
nepeMimaTHCff B aanpRMi nepeicHo'i oci cTpH)l(HSI 
(pHC. 2). 

OJIHH Kiaeuh cTpH)l(Hff HepyxoMo aanpaeneHHH, APY­
reii npHMyweHBH nepeMimaTHCff a aanpSIMi nepai­
CHOi oci CTpH)l(Hff (pHC. 3). 

o6HABa Kiaui cTpH)l(Hff HepyxoMo aanpaeneei (pHc. 4). 

y acix 'IOTHpbOX BaipUSIX pk oaHa'l36 KpHTH'IHY CHJIY, ceCSTO TOH 
Me)l(OBHH 06Tff)((, mo npHSBOAHTb AO 6eaKOHe'IHO eeJIHKOro erHyTTff ; 
8 - MoMeHT ieepuil nonepe'IHOro nepepiay cTpll)l(HSI a cm4

; l - AOB­
)l(HHY B cm. 

SIKmo BBffTH aanac 6eane'IHOCTH ~ = 25, cniB'IHHHHK npy)l(HOCTH 
E = 2.000.000, TO AJISI Bi6noro CTpH)l(HR, 8 MOMeHTOM iHepuii nonepe'l-

d" . 
HOro nepepiay <BJ = 20' JllCTaHeMO Bi,llDOBiAHO AO PHC. 2. TaKHH sai-

peQb: 

v. 
d4 

p = 40.000 l2. 

4. B i .n; c y B. 

VI. P = f k1 : P - BiAcysaa (apiaoaa) cana a kg; f - none nepe­
piay, o6TSl)((eHoro Ti6IO CBJIOIO, B cm2

; k. - Jl08BOJJeHe 
aanpy)l(:eHHR eiAcyey (cTH'IHe, apiaoae) a kg/cm2

• 
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Tpe6a OAHa'le MaTH ua ysaai, mo Ay>1<e qacro 6yeae He TaK, HK 
noKaaauo Ha pwc. 5, Ae CHnH pp ne>KaTb y HanpRMi OAHOT npOCTOi (lfH 
nnOIUHHH), a TaK, JIK Qe 6a'IHMO Ha puc. 6, Ae Mi>K cenaMB 6 ManHH 
BiACTYD ( cyricoK). B QiM OCTaHHiM paai DOBCTa6 rayTTR,. mo BRKnHKa6 
6inbwi Hanpy>KeHHR, ui>K Qe BHXOAHTb ai eaopy P = f k,. 

p 

• p 

(pee. 5) (pee. 6) 

5. rH y TTH. 

VII. Mb= P ·a= W ·kb: P - ray11a cana e kg; a - BiACTaHb TO'l­

A 
KH npano>KeHHR CHnH BiA ee6eaneqaoro (Haii-

6inbw o6TR>KeHoro rHy'lBM MOMeHTOM) no­

nepeqqff A-A B cm; w - MOMeHT BiA­

(pe~. 7) nopHOCTH Toro nonepeqqff e cm1
; kb -

ruy11e Hanpy>KeHHR e kg/cm 2 (puc. 7). 

Mb = - P1 • a1 + P2 · a2 + P3 · a3 : 

AnR RKoro ue6yAb nonepe1111S1 A-A 

(pHC. 8). 

(pac. 8) 

noKaaaHHH Ha OCT8HHiX ABOX pHCYHKaX 06TR>I< BHKnHK86 OKpiM rJJy­
lfBX Han}1y>1<eHb, me ii BiACYBHi Hanpy>1<eHHSI, TaK mo 8 nepepiai A-A 

p 
(pac. 7) M36MO eiAcyeue Hanpy>KeHHSI k, = f, a e nepepiai A- A 

(pac. 8) BiAcyeae uaapy>1<eHHS1 k, = - Pi+ f p 2 + Pa Ta Tpe6a 

CK388TH, mo 8Ae6inbWOro Qi Hanpy>KeHHJI IHXOARTb H3ATO Mani, nopie­
HIOIO'IH a Hanpy>KeHHSIMH rHy'IHMH, i TOMY ix piAKO Kone npHXOAHTbCR 
6paTH B paxyHOK. 
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noAa6MO HH>K'Ie MOMeHTH iHepui'f @ Ta MOMeHTH BiADOpHOeTR W 
.o;ns1 ea>KHiwax nonepe'IHHX nepepiaie : 

(pee. 9) 

b h3 

VIII. <PJ = l2' 

h" 
IX. <PJ = 12' 

h4 
x. @ = 12' 

(pee. 10) (pi!e. 11) 

b h2 

W = -
6
- (pee. 9). 

h3 
W = 6 (pee. 10). 

_V-2 3 1) w --- I2 h (pHe. I . 

{BiA apiayeaeuS11 AO neeuo'i Me>Ki, eepxuhoro ii eniAHboro pi>1<Ka 
QbOro KBaApaTy, apocTa6 w; uauriinbWOi eenH'IHHH AOCJirae W, KOnH 

. . I ) ap1aaTH pl>KKH Ha 9 h . 

B H 3 

XI. <PJ =35, W1 --

XII <PJ = B Ha + b h 3 
. 12 , 

B H 3 + b h3 

W= 6 H 

B H 2 

12' W2 -
B H 2 

24 

(pee. 13) 

(pee. 12) 
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(pee. 16) 

(pee. 17) 

(pHC. 18) 

20 

(pee. 14) 

(pee. 15) 

XIII. ® = B Hal-; b hs 

B H 3
- b hs 

W=--6-V-

1 
XIV. ® = 3" (B e1a- bh3 +ae2a); 

l a H 2 -t- b d2 

e1 = 2 · a H + b d ; 

@ @ 
e2 =H-e1 ; W1 =-; W=-

e1 t2 

1 
XV.@= 3 (B e1

3 -B1 ha+ b es3 
- b1 h1

3
); 

1 a H 2 + B1 d2 + b1 d1 (2 H - di) 
ti - 2 · a H + B1 d + bi di 

Xvi JC\ 1' d4 I d4 TV = ~ d3 = 
• \'!J = 64 = "' 20 ; J'Y 36 

I 
= "' - d3 

10 

XVII. ® = ;. (D4 
- d4

) ="' 
2
1
0 

(D 4 
- d4

) 

n D4 
- d4 I D4 

- d 4 

W = 32 D = "' 10 . D 



XVIII. 8 = r• (; - 9
8
,.); W1 = 0,2587r'; ~ 

W 2 = 0,1908 r'; e, = 0,4244 r ~~ 

n a 3 b 1 
XIX. ® = -

4 
- = "-' 

20 
(2 b) (2 a)3 

n a2 b 1 
W = 

4 
= "-' 

20 
(2 b) ( 2 a )2 

n n 
XX.®=4(a3 b-a1

3 b1)="-> 4 a2 (a+ 

n + 3 b) d'; W = "-> 4 a (a + 3 b) d',-

d' = b - bi 

Aani noAaaMo eaif6inhrni rHy11i MOMeHrH, crpin­
KH BrHyTTSI ii KYTH eaxHny npy>KHCTOY niHiY AJISI 
AeSIKHX ea>1<HiWHX BHDaAKiB rHyTTSI ABHrapiB: 

a) AeHrap OAHHM KiHQeM HepyxoMo aanpaaneHHii, 
u>1<eHHH cunmo P. 

(pac. 19) 

(pee. 20) 

(pee. 21) 

a ea .llpyriM o<S-

Pl
3 

3F I~ l Mb = P l; F ~ 3 E @; tg a = l2 l = ~ ~ 
Pl2 ~- ~~ 

XXI. =- 2 E B. 

b) t(BHrap OAHHM KiHQeM HepyxoMo aa­
npaeneuui i o6TSl)l(eHHH Ha BiACTaHi a ClfnOIO P. (pBC, 22) 

pas 
Mb= Pa; F =--= 3 E B + (l - a) tg a= 

p as p a2 
XXll. = 3 E B + 2 E B (l - a) 

(pac. 23) 

21 



c) Jtenrap 0,11,HJtM KiHneM HepyxoMo aanpaeneHHii 
JIOIO q, piBHOMipHO poa6HTOIO no niniii ,11,0B)l(HHi l: 

o6TSJ)l(eHHH cu­
p= lq 

q 12 q z• q l · l3 

Mb = 2' F = 8 E B 8 E 8 

P l3 4 F P l2 

= 8 E fl tg a = 3l = 6 E 8. XXllI. 

d) Jteerap Jle>l<HTb BiJILHO Ha ABOX ni,11,nopax i arHH86TbCR CKyn'le· 
HOIO no-cepe,11,HHi CHJIOIO P. 

Pl P l3 3 F 
Mb = 4' F = 48 E B' tg a = -l- -

XXIV. 

(pee. 25) 

e) ,ltBHrap ne>1<HTL BiJILHO Ha ABOX ni,11,nopax arnHa6ThCR cKynqe-
HOIO He no-cepe,11,uui CHJIOIO P. 

M _PmnF Pm2 n2 

b - --l-' - 3 E el' Fma.xDPH e= 

= 1ll v ! + ~ : -- +· xxv. 
(pee. 26) 

f) ,ltBHrap ne>l<HTb BiJlbHO Ha ,11,BOX ni.Qnopax i 8rHHa6TLCR piBHO-
MipHO poa6HTOIO no niniii ,(J.OB>l<HHi TRfJIOIO CHJIOIO q: p = lq. 

p l q l2 5 . p [3 

Mb = 8 = B' F = 384 E e' 
16 F P l2 

tg a = 5f = 24 E e· XXVI. 

(pee. 27) 

g) t(eHrap Jie>l<HTL BiJILHO Ha ,(I.BOX ni,11.nopax i 8rHHa6TbCR ABO Ma 
cKyn'leHHMH CHJiaMH PP, CHMeTpH'IHO yKna,11,eHHMH no-aa ni,11,nopaMH. 
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p c l2 

Mb = P c, F = S E 8 , 

p c l 
tg" = 2Efi' 

R - p c (l + c) XXVI I 
tg ~ - 2 E 8 . . p 

l c 

--..-----c:--•:-~p~L___.. ___ .. ··--,-
h) Aenrap, eepyxoMo aanpaeneHHii KiHUSJMH, arHHaeTbCSJ cKyn11etto10 

no-cepeJJ.HH! cHnoio P. 

p l p l 3 

Mb = B' F = 192 F ff 
XXVllI. 

(pee. 29) 

f) Aearap, OJJ.HHM I<iHueM ttepyxoMo aanpaeneHuii, a ,11pyrnM einhHO 
nono>KeHHii aa niJJ.nopy, aruttaeTbCSJ c1<yn11eH010 no-cepeJJ.HHi cunoio P. 

F = V ... 15 

7 p l3 

o=---
768 E fi 

XXIX. 

(puc. 30) 

6. hp y q e H H H. 

BiJJ.aHa11aaMo 'lepea 
Md - aaKpyTHHH MOMeHT B kgcm ; 

-r - BiJJ.cyeHe aanpy>KeHHSJ a SJKiH tte6y.a.~ T01nd nonepe11aoro nepe­
piay e kg/cm2

; 

Tmax - Haif6inbUie Bi]J.cyeHe Hanpy>KeHHSl 8 kg/cm2
; 

kd - JJ.Oaeoneue ei,11cyeue uanpy>KeHHSJ B kg/cm2
; 

fJ - cniB'IHHHHK BiJJ.cyey 8 cm 2 /kg ; 
.{}- - I<YT nepe1<ocy HI<oro ue6yJJ.h nonepeq-q)l crpH>KHSJ Kono ,11pyroro 

nonepe1111H, Bi,lUJ.aneaoro ei,11. nepworo Ha O.IJ.HHH1.uo JJ.OB>I<HHH. 
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3aaHatfeHi eenH':IHHH BJl>KYTbCR a IlOAaHHMH ea pHCYHKax BHMipaMH 
TaKHMK aaopaMH : 

a-= 32 
n 

H /1:. • 16 Md XXX anpy>1<eHHR Ha OvBOAl 't'max = n · -;J3• · 

--14<~7"H-h'7'......-- Hanpy>1<eHHR Ha BiACTaHi Q BiA ocepeAKy 

24 

(pee. 31) 

cl 

(pee. 32) 

(pee. 33) 

(pne. 34) 

't' = 't'ma11: 
Q 
r 

a- = 32. 
n 

Md _d_
4 
___ d_

0

""7""-
4 

• {j. 

Hanpy)f(eHHR Ha o6eoAi 
16 

't'max = n. d' - d/. 
XXXI. 

1 a2 + b2 

a > b, 3- = n Md a' b' (J. 

Hanpy)f(eHHSI B AOBinhHiH TO':IQi (y, z) nepepiay 

-i = ~ . ~Va4 .Y2 + b4 z2. 
n aa b3 

Hanpy>1<eHHR a Kieueeux TOt1Kax Manoi oci 
2 Md 

't'max = n . a b2 . XXXII. 

a > b, a : ao = b : bo = m, 
1 a2 + b2 

a- = n . Md a3 b3 (1 - m4) {3. 

Hanpy)l(eHHR e KieueaHx TO'fKax Manoi oci 
2 Md b 

't'max = n a b3 - ao bo10 XXXIII. 



I 
-& = 0,967 · Md b• /l 

Hanpy>1<eHHR no-cepeAHHi Kpaia 

't'mall: = 1,09 Md 
b3 

b2 + h2 

h > b, -& = 1/Jo Md b3 h3 p, 
h 

1/10 = 3,645 - 0,06 b' 
Hanpy>1<eHHR no-cepeAHHi AOBUJHX Kpa'ia 

XXXIV. 

't'max = 1/Jb:& ~ d' XXXV. 

3 + 2,6 . 
Ae 1/J = h ; RK~o nepep1a He Ay>1<e 

0,45 + b 

(pee. 35) 

(pBC. 36) 

BiApi>1<HR6TbCJl BiA KBaApaTy, TO MO>KHa npa6nH>KHO npHiiMaTH 1/J = 4,5. 

1 
'3- = 46,2 · Md b• {3. 

Hanpy>1<eHHR no-cepeAHHi Kpaie 't'mall: = 
20b!1d. XXXVI. -

7. p 0 3 T Jir i r Hy TT JI ( c TH c fl i r Hy THI). 

Kpyr ne nonepe'l'IR. P cena B kg; Mb rey'IHH Mo­
MeHT 8 kgcm; w MOMeHT BiADOpHOCTH 8 cm'. 

P Pa 
kz = ndi' kb = -.--3. 
~ IO d 

3no>1<eHe Hanpy>1<eHHS1 

( 
4 IO a) 

kbs = P n d'I. + -cf3 · XXXVII. 

(pHC. 37) 

(pee. 38) 
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(pee. 39) 

Ilonepe'l'UI - CTOp'IO· 
paMeHHHH 'IOTHPOKYTHBK. 

P Pa 
kz = bk' kb = -1 --. 

- b h2 

6 
3JIO)l(eHe eanpy)l(eHHSI 

kbz = P (b lh +: :2). 
XXXVIII. 

8. r Hy TT .H j:t K p y '-le H H .H. 

3no)l(eHe Hanpy)l(eHHJI 

kbi = 0,35 6 + 0,65 V 6 2 + 4 (a0 ·i')2, XXXIX. 
. kd 

Ae tS rHy'le eanp}')l(eHHff, ~ Hanpy)l(eHHff BIA Kpy11eHHff, «o = 1,3 kb' 

n 10 Mb . 5 Md 
f'!Jlff Kpyrnoro nonepe'lttff a = -d,- 1 ~ = ---er-• Ae Mb a ruy-

ttHH MOMeHT, Md aaKpyTHHH MOMeHT - 06HABa B kgcm, 

Mb1 = 0,35 Mb + 0,65 V Mb2 + (a0 Md)2
• XL. 

Ansi KiJIM~eBoro nonepe'fttff aJIO)l(eHe Hanpy)l(eHHff ii aJIO)l(eHHii MO­
MeHT 06'1HCJIIOIOTbCff a THX caux Baipnie. 

Anff nonepe'l'lff CTOp'lopaMeHHoro 'IOTHpOKYTHHKa a BHMipaMH b · h 

Mb1 = 0,35 Mb+ 0,65 v Mb + ( ~ a0 Md) 2 = ! b h 2 kb1· XLI. 
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P03.Ql/1 .QPYfHA. 

CTIOJLYlJEHHH 3 ,nonoMormo I\J111HA, IllPYBM li CR'.JlETIAR'.IB. 

B c Ty n. }{onH Il0Tpi6y6MO M3TH TaKe CilOJJf':leHHSI, mo6 KO)l(HOi 
XDHJli MO>l<H3 6yno iioro JierKO poai6paTH, TO B>l<HBa6MO ]I.ml QbOro I<JIU­
Ha u wpy6u. Cnony1:1eHHH >1< a IJ.ODOMororo CKJienaKiB eane>1<aTb AO cra­
JIHX, r nyxHx, eepoa6ipHHX cnony1:1eHb. 3ny1:1eHi ocraHHiM cnoco6oM 1:1acTi 
MO>l<Ha poaHSITH He iHaKwe, HK DOWKO]J.HBllIH u IlOHiBel:IHBlllH CI<JJenaKH, 
a6o ii caMi 1:1acTi. ~o rnyxux cnony1:1eHb uane>1<HTh me cKneroeaHHff, cno­
IOBaHHH, cnorpieaHHH ii aaTHCI<aHHSI. 

}{one cnony'leHHSI a ]I.BOX l:IH a 6iJibWOro l:IHCJia qacTHH aHaXO]J.HTbCH 
niA 06TH>1<eM cun, mo MiHSIIOTh ceiii HanpSIM, TO rpe6a uoMy AaTH raK 
aeaHHH no n e p e AH iii a a T SI r, ce6ro CTHCHYTH OAHY AO OJJ.HO"i CTHl:IHi 
noeepxHi cnony'leHHX TiJI ia TaKOIO CHJIOIO, mo6 aMiHH eanpSIMKY eume 
ara,naHHX CHJI He BV.KJIHI<aJIH >1<3AHHX y,11.apie. 

I. KmtHHR. 

1. 8nranLui yRarn. 

l<JIHH CJJY>l<HTh AJISI MiQHOro cnony1:1eHHSI ]I.BOX TiJJ lfepea o6oniJib­
HHH npHTHCK ix O.llHO JlO OJJ.HOro. B>1<uea10Th itoro Maii>1<e BHI<JIIO'IHO ,11.nsi 
rux rin, mo MaIOTh <j>opMy crpH>l<HSI. HiKOJIH He any1:1y10Th KJIHHOM nna­
CKHX TiJI, a Be.11HKHMH nnomuttaMH CTH'IHOCTH; 8 uiM paai B>l<HB3JOTh 
8BH'l3HHO wpy6 i CKnenaKiB. 

l<nuHHSI po6nS1Th ai crani; aa11iaHi >1< KJIHHHSI it.nyrh 
nume Ha JJ.pyropSIAHi norpe6u, 60 aaniao Mae MeHwy 
!BepidcTb i nerKO RHJI.OIUY6TbCSI ( nonipy6TbCSI), qepea Te Q 
H He Ha,11.aeTbCSI AO MlQHOro aaKJIHHeHHSI. 

l<JIHHHSI 6yeaJOTh .ti.BOX O,O.MiH : 0 /J. H 0 r JI 0 6 H i (puc. " 
40) Ta ,IJ.BOrJI06Hi (pHC. 41). Ilepwi 3 HUX BHTBOplO­
IOTb HaTHCK (r JI 0 6 JI SIT b) 0,0.HHM CBO"iM 60KOM, Apyri -

~ 
' 

D.BOMa. l<JIHHHSI iHlllOi IJJOpMH pi,O.KO KOJIH B)l(HBaJOTbCSI. (pHC. 40, 41) 
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1.1\0AO cnoco6y yKna]:ly, TO poapi>KHff6MO 0 0 a A 0 8 }f{ Hi (pHC. 42-
45) i o'.o n e p e q Hi (pHc. 52 - 54) KJIHHHSJ. nepwux y>1<uea10Tb Am1 aa-

._t>_.. 6 ,.. .. & ..... I . · ... ~ ..... t~ 
~-~-·.~~~~ 

I • 
, I I 
I • 

I 

(pee. 42-45) 

KnHHeHHSJ Ha eanax oane'IHHX, nacoeux, poariHHHX Konic, TO mo; ooqH­
HafOqH a nieo'i pyKH, .Ma6MO Ha pHcyHKax : n a c Kn H H a6o Ha Kn a AH u ii 
KnHH, Aani n n a c K H ii, a6o on i w Ka 'IH a an n i w Ka, me Aani >Kono 6-
K 0 B H H i HapeWTi n pH nip H H ii a6o 6 0 K 0 B H H. nepWHX ABOX y>KHBa­
IOTb AO nepeAa'li ManHX CHR. npunipHi KRHHHS1 AalOTbCff oapaMH, Ha 120° 
0.11.HH O,ll O,llHOro; ix Y>KHB3IOTb y THX euna,llKax, KORH CHRH qacTo MiHff­
IOTb ceiH HanpS1M i BHKRHKalOTb y,llapH. EnHSbKO JJ.O OOBAOB>KHiX KRRHiB 
CTOJITb c T 0 p 0 )I( K H a6o He 11 0 Kn H HK H (pHC. 46). BOHH MalOTb QinKOM 

6pycKoey <IJopMy i aaKnaAalOTbCSJ Ha 
--" •. ean y TaKi >1< >1<ono6KH; eiApi>KHSJ-

~ .-. ~--·····1'4 IOTbCS1 BiA noa,!J,OB>KHix KnHHiB THM, 

--- --E-------7-· 

~~ mo ui MiQHO opHTHCKalOTb AO eany 
ronoBKY Ha6HTO'{ Ha HbOro qacTHHH, 
THM qacoM S1K CTOpO>KKH QbOro He 
po6nJITb, a yAep>KylOTh nuwe BiA 
06opo1y HaAOKona eany i ,o;alOTh noe­
HY eonlO Ha6nTiii qacTHHi oepecyea­
THCSJ aAOB>K iioro. CoonyqeHHSI a .llO-

(puc. 46J ooMorolO cropo>1<Ka He Mae >1<aAHoro 
oooepeAHLoro aarS1ry, a TOMY iioro 

no6pe B>KHBaTH nHwe B TiM 
KORH HeMa >KaAHHX yAapiB. 

paai, KORH Ma6MO Kpy>K6y 0,IJ;H06iquy Ta 

nonepeqqg KRHHa MO>Ke MaTH OAHY a IlOKaS3HHX Ha pucyHK3X 47-
49 <IJopMy. 3a Haiiniowy rpe6a eea>KaTH <IJopMy, 
aaoKpyr i1eHy a o6ox 6oKie ( <IJopMa 3) ; a Qe qe­
pea re, mo TaKi KnllHHSI apyqHiwi AO B>KHTKY (60 
rHiaAO niA TaKHH KnHH MO>KHa BHCBep.l{ntOBaTH Ha 
ooaAOB>KHiH ceepAnsipr~i); oKpiM Toro, BOHH ninwi 
me ii a or mJ.llY Ha MiQHicTb KJIHHoeoro cnonyqeH-

LI i I 
:,.;,: 

~-
HSI, 60 nocryneeei, nariAHi oepexOAH e KJIHHOBiM (pee. 47-49) 
rHia.1d He aaaHafOTb TaKHX BHCOKHX Hanpy>KeHb, S1K ue 6yea6 B rocTpHX 
1<y1ax. 

KnHHHRM AalOTb aeuqauHo raKHH OAHHHqHuii en a A (pHc. 50 i 51): 

28 



Ami ni.l(TRry 

a 1 1 
"b=5'8' 

Ami lfacToi 
poa6ipKH 

1 1 1 
10' 12' 15' 

AnSI noeroTpHeanoro 
cnonyqeHHSI 

l 1 1 1 1 
20' 30' 50 Ta I 00 .l(O 200" 

Aaroqu KJIHHOBi Ha.II.TO npuKpHii cnaA, po6HMO iioro 
Ay>1<e CTJl)l(HHCTHM : aaraHfflOlfH T8KHH KnHH Ha HeBeJIHKY (pee. 50, 51) 
AOB)l(HHY iioro, ,11,icTa6MO MO>f<JIHBicTb A8JieKO nepecyeaTH 
no6ilf ce6e cnonyqyeaHi lfacri. Ane e TaKiM paai nicm1 aaTS1>1<KH KJIHHa 
Tpe6a KOHlfe aaKpinJISITH iioro, 60 iHaKwe iioro MO>f<e BHWTOBXHYTH ii 
e1mepTH aa.a.eip Ta cuna, mo .a.ie 8.l(OB>K cnonylfeaux lfaCTHH. l<JIHHHR 
8 ny>1<e npHKpHM cna,!J.OM rOASITbCSI JIHWe TaM, ,[le BOHH BH6HB8IOTbCSI, 
aHOWYIOTbCSI i ,Ile 'iepea Te Tpe6a 'ix y Mipy 8Hocy niATSlraTH, SIK, Hanp., 
B rOJIOBKax noroHalfiB. 

51Kmo )I( Tpe6a, moc> KJIHH HaanaKH caM co6010, C3MOTY>KKH, ,llep­
>R8BCSI, TO iioro cna,ll He DOBHHeH 6yTH 6iJibWHH aa SIKYCb neBHY BeJIH­
'IHHY, a CaMe: KYT a (pHC. 40 - 41) DOBHHeH 6yTH piBHHH, a6o ii MeH­
WHH OA DO.llBiiiHoro KyTa TepTSI. *) 

51Kmo npHHHSITH, mo cepe11.HiH cniBlfHllHHK TepTSI 6 0,20 (ne BiJJ.­
DOBiAa6 npH6JIH)l(HO KYTOBi TepTSI '! = 11°), TO KYT a ee DOBHHeR 6yTH 
6iJibWHH OA 22°, ce6TO OAHHH'IHHH cnait KJIHHB, mo Mae DOKaaaHy Ha 
pHC. 40 <IJopMy, He DOBHHeH nepeXO,l(HTH aa 1 : 2,5. Ane Ha npaKTHQi 
6epyTb 8Ae6iJibWOro aHa'IHO MeHWHH cna,ll, 60 TepTSI He aaacirAH M86 
OAH3KOBY CHJIY i aaJie)l(HTb OA CTaHy noeepxHi l<JIHHa, a T8J<O)I( i KJIH­
HOBOrO reiaAa. 0KpiM QbOro, Ha CHJIY TepTSI BDJIHBalOTb T3K0)1( piaei 
BHDaAKOBi npH'IHHH, SIK OT OJIHBa {aMeHwye TepTR) i T. i. 

l<OJIH KJIHHOBe cnoJiy'leHHSI 06TR)l(eHe HecnoKiHHHMH CHJiaMH ii aa-
8Ha6 yAapia, TO, eaarani K8>1<Y'IH, He MO>l<Ha DOKJl8CTHCSI Ha Te, mo KJIHH 
C8MOTY>l<KH Aep>1<8THMeTbCS1, xi6a mo M86 BiH 8)1( H3ATO MaJIHH cnaA. 
Ansi niJIKOBHTOY 6eaaeqeocTH cnony­
qeeHR Tpe6a 8)((H88TH Bi,[lDOBiAHHX aa­
xo.o.ie npOTH OCJia6JieHHSI KJIHH8. 

Ha pHc. 52 - 54 no1<aaaHo TPH pia­
Hi BaJ<JIHHeHHSI nonepe'IHRM KJIHHOM, 
SIK BOHH aycTpilfalOTbCSI, Hanp., B cno­
JIY'leHHSIX TOJIOlfHJILHa a 1<oeaaeneM. B 
cnoco6i, DOK888HiM Ha pHc. 52, THCK 
nepe.Q.a6ThCSI ':lepea 'IOJ1oey, KiHneey ono- '' I 

(pee. 52-54) 
•) 1.QoCS aeaiTB KYT TepTSI Mi>K ABOM8 onOLQ,HBBMB, poC5BMO TBI<: 6epeMO OAHO 

Tino i KnBAeMO ea HbOro Apyre Tino, IIIO MO>Ke ainbHO CICOBBTB DO oepwiM. l<ona 
anomeea TepTR aepmoro Tina Ma& coepmy aoaeui eaopsi11, ce6To 1<y1 eDBAY ·11 
AO ooae11y e eynb, a BiATBK cTyoeeao aC5iJ1bmyea1a u.eii KJT AO TOY xaani, KOJIH 
Apyre Tino 0011ee CI<OBBTB DO oepwiM, TO BiADOBiABBi u,il :IBBJli KfT CDBAY i ea­
BBBBIMO JC J T 0 M Te p T Iii. 
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muHy a - a TOJIO'IHJibHa ; B paai aaKJIHHeHHSI Ha puc. 53 TUCK nepe.11.a-
8TbCSI KiJibl\eBOIO nJIOUlHHOIO b- b, i HapeuJTi B cnoco6i puc. 54 THCK 
nepeAa6TbCSI qepea cTi>1<Koey noeepxHIO c-c. 0cTaHH6 cnonr1eHHS1 e 
aaitneeH°iwe, 60 CTi>l<OK CH,11.HTb l\iJIKOM Mil\HO, oco6m1eo KOJIH BiH miJibHO 
npunacosaHHH i npaTepTHH. B cnoco6ax, noKaaaHHX ea puc. 52 Ta 53, 
Mil\HicTb i miJibHicTb npansiraHHSI ue aaecirAH 6yea10Tb neeHi, 60 ei6Jioro 
qona He MO>KHa npunacyeaTH TaK AOKJia,11.uo, mo6 He JIHWHJIOCb ma.11.­
Horo 6oKoeoro npominKy. 

2. 0 6 '-!Ii c .1 e H H H K .1 Ii H 0 B 0 r 0 en 0 .·1 ~- lj e H H H. 

n 0 D e p e q Hi K JI H H HSI. fpyeiuHa KJIHHa S 1 CiepeTbCJI moHaHBHme 

8 ! ! rpy6HHH (npoMipy) CTpH>KHSI, ce6TO 

= d d (1) 
S1 < 4 ,11.0 3· 

Bucora iioro h o6qucmoeTbCSI ei,11.noBiAHO .11.0 aaKouie ei,11.nopHOCTH 
npOTH rHyTTSI; aa l\IO BHCory 6epyTb cepe,11.HIO Mi>K KpaHHIMH BHCOTaMH, 
60 cnpaB>KHSI BHCOTa KJIHHa MiHS16TbCSI, BiADOBi,11.HO AO cna,11.y, ei,11. Micl\SI 
,11.0 Micl\SI. 06'fHCJIIOIO'fH iuwi BHMipH KJIHHOBOro cnonytfeHHSI, Tpe6a IHfJih­
HyBaTH, mo6 THCK Mi>K KJIHHOM i criHaMH rHia,11.a Hirt(e He 6ye 6iJibWHH 
ei,11. SIKO"iCb neeuo"i eeJIH'IHHH. XTiewu MaTH cnony11eHHS1, Ae 6 KJIHH M0>1<Ha 
6yno JierKo ni,11.TSiryeaTH, SIK, uanp., e roJIOBKax norouaqie, y>KHBaIOTb 
eepyxoMHX niJJ,KJia,11.0K - n i 1l K JI H H H HK i B. ni,11.KJIHHHHKH CJiy>KaT.b llJISI 
aMeurneHHSI OAHHH'IHoro THCKY Ha KJIHH i TOMY a6epiraIOTb H:oro noeep­
XHIO ei.11. poaTHCKy. 

KoJIH KJIRHoee cnony'feHHSI 06TS1>i<eHe cuJiaMn MiHJIHeoro HanpSIMKy, 
TO cnonyqyeaui qacTi Tpe6a me ni.11. qac CKJiaAaHHSI ix ,11.0 - Kynu .11.06pe 
aaTS1raTH, 60 iHaKllle MO>Ke 6yTH ue6eaneKa, mo ni,11. qac aMiHH uanpRMKY 
o6TSl>KHOi CHJIH KJIHH 6HTHMe. 

l<OJIH qacoM Tpe6a aaruaTH KJIHH nin DOBHHM 06rJ1>KeM, TO B l\iM 
paai norpi6ua He-a6H-SIK3 o6epe>KHicTb, 60 MO>Ke DOBCTaTH MicQeBHH 
poaTHCK, SIK mo TiJibKH THCK Mi>K CTH'IHHMll aoeepXHSIMH nepeii,11,e aa ,ll0-
8BOJieHy ,llJISI l\bOrO Me>Ky. 

1..faCTO KJIHHHSI MalOTb Ha 0,11.HiM KiHL\i roJIOBKY y BHrJISIAi ra'IKa. Qeii 
ra'IOK CJIY>f<HTb llJISI neKworo BHTSlryeaHHSI KJIHHa. BiH DOBHHeH MaTH ,11.0-

CHTh DOBHi BHMipn, 60 iHaKwe JierKO si.a.6uea6TbCSI. Ane Tpe6a CKaaaTH, 
mo l\i KJIRHHSI He aoeciM 6eane11ui, 60 aa uux JierKo aaqinurucSI ni,11, qac 
pyxy MaWHHH, a roMy ix He pa,11.0 smueat0rh. B KO>KHiM paai ua,11. TaKHM 
K.nHHOM DOBHHHa 6yru ei,11.noRi]lHa 6eane'IHa aaKpHBKa. 

Il 0 8 .ll 0 8 )I( Hi K JI H H HSI. ~JISI naCKJIHHHSI Ta DJlaCKHX KJIHHiB (pHC. 
42 i 43) MO>KHa B HOpMaJihHHX YMOBHHax 6parH, ari,11.HO a EaxoM, TaKi 
BHMipH: 
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b = 0,8 V~ AO fd; h = 0,4 fd. (2) 
Ami >Kono6Koeux KJIHHiB (puc. 44) i Ami cTopo>KKiB (puc. 46): 

b = 0,8 fd AO fd; h = 0,5 fd. (3) 
jlJUI Kpyrnux, aCSo AJISI KBa,u;paTOBHX KJIHHiB : 

h = 0,6 fd AO 0,7 fd. 
AnSI npunipHHX KJIHHiB (pee. 45): 

b = 0,26 d; h = 0,25 b, (4) 
JJ.e d oaeaqae npoMip eany, b - wHpHey, a h - BHCOTY KJIHHa; ece 
B u.eHTHMeTpax. 

Il pH K JI a ,D;. 06tfHCJIHTH KJIHHOBe CDO­
JiytfeHHJI (puc. 55) KOBaaHl.{.ff a TOJIOtfHJib­
HOM napoaoi MaWHHH; npoMip TOJIOlfHJib­
Ha d1 = 75 mm; cHna, 11.\0 nepeAa6TbCR 
TOJIOlfHJibHOM, p = 5600 kg. 

Cuna P MiHS16TbCS1 paa-y-paa Ha npo- s 
THJle>KHy, ei,u;noei,u;HO ,u;o KO>KHOi aMiHH xo­
Ay, a TOMY TpeCSa aaCSeanelfHTH Miu.eiCTh 
cnony11eHHS1 me niJJ. 11ac CKna.itaHHR iioro, 
aaraHRIOlfH CHJlbHO ((JIHH, SIK npo u.e 6yno 
e>Ke eHme sra,u;aHo. TaKHM lfHHOM, me AO 
DOlfaTKY npau.i CHJIH p = 5600 kg KJIHHO­
Be cnonylfeHHSI DOBHHHO 6yru aaTSlrHeHe 
SIKOIOCb AO,ltaTKOBOIO CHJIOIO. Qio CHJIY rpe-
6a 88JITH B paxyHOK, 061fHCJIIOIOlfH BHMipH 

.P 

(pee. 55) 

cnon.y11eHHJI. BeJIHlfHHa jj aane>KHTb BHKJIIOlfHO ei,u; CKJiaAalfa, 60 BiH MO>Ke aa­
rHaTH KJIHH CHJihHiwe ii cna6we. ToMy cuny U.IO npHXOJJ.KThCSI ou.iHIOBaTH 
npe6JIH>KHO. 3BHlf8HHO npHiiMalOTb AJIJI 6iJibWOi neBHOCTH, mo BOHa CTaHo-

1 
BHTb KOJIO 4 CHJIH TOJIOlfHJibHa. TaKHM lfHHOM, KJIHHOBe cnonyqeHHSI 

Tpe6a 8 AaHiM paai o6tfHCJIIOBaTH Ha CHJIY ~ . 5600 = 7000 kg. 

3eepHeMOCb Ha-caM-nepeA AO npoMipy d. Aoro rpe6a raK niAi6parH, 

mo6 Ha Kinhu.eeiii noeepxHi ~ (d/· - d2
) ue 6yno aaHa,u;ro eenuKoro 

OAHHHtfHOro THCKY. ,llnR lfaBYHHHX KOBaauu.ie, ariJJ.HO a Ta6nHl.{.elO 6eane'l­
HHX eanpy>KeHb ( cnoci6 o6TSI>KY b ), MO>KHa npHHHRTH eanpy>KeHHSI CTH­
CKY aae6inhwo B 600 kg/cm 2

• BnpoeaAHBWH u.e aea11iHHS1 y pieHaHHff 
CTHCKy, MaTHMeMO 

7000 = ~ (7 ,52 
- d2

) 600, 
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aei,u;KH d = 6,44 cm, a6o 6epy11e e Knyrnux uu«t>pax, d = 65 mm. 
rpy6HHY s1 KnHHa OtilfHCnl06MO T8K: THCK Mi>K CTaneBHM KnHHOM 

Ta TOnO'IHnbHOM He DOBHHeH nepeXOAHTH DO•aa 1000 kg/cm2 (ABB. CTOp. 
13, cnoci6 b). A mo eiH poatieeaeTLCff no nonio s1 d, TO 

7000 = S1 d · 1000, 
aeiJlKH s1 = 1,08 cm, a6o Kpyrno 11 mm. 0T>Ke s1 eaiiwno He 6inbwe 

. .. ( d d) BIA ,u;oaeoneHOI eenH'IHHB 4 - 3 . 
Tenep BHHHK86 DHT8HHSI, 'IH He DOBCTaHe Ha,IJ,TO eenHKe Hanpy)l(CHHff 

e TiM Mic1d Tono11anbHa, mo ocna6nette KneHOBHM rHia,11,oM i mo Mae 
n d2 

none nonepe11eoro nepepiay 4 - s1 d? TyT 

7000 = (n ~'52 - 1,1 · 6,5) '5, 

aei,u;KH a Kpyrno 270 kg/cm2
• Qe Hanpy>KeHHSI aeHwe ei,u; ,u;oaeoneeoro 

k.; OT>Ke ocnaCSneeHSI nonepe11eoro nepepiay ea,u;ony>K}'6TbCSI JJ.OCHTb 
CHnLHO. (Hanpy>1<eHHR (j B >KaAHiM paai He DOBHHHO nepeeemyeaTH 
0,7 kz)• 

rpy6aHy s cTiHH ropnHma, a6o eene11eay npoMipy iioro D, ,u;icTa-
6MO 8 piBH8HHSI 7000 = (D - d) s

1 
. 600, 

Jle 'IHCJIO 600 oaea11ae .11.oaeoneHHH OAHHH'IHHH THCK Mi>K TiJIOM ropnama 
(11aeyeaoro) i KnHHOM 8 kg/cm2

• 3BiATH Ma6MO 
7000 = (D - 6,5) · 1,1 · 600, 

a aei.11.uH D = 17, 1 cm, a()o OKpyrno 170 mm. 
llani oCS'IBCnHMO cepeJJ,HIO BHCOTY KJIHHa, DpHHM8IO'IH 88 6eane'IHe 

eanpy>1<eHHSI Bi.II. rHyTTSI kb = 1000 kg/cm2 (cooci6 b} Ta BBa>ICllO'IH 
KJIBH aa ABHrap, BinhHO DOJIO>KeHHH ea ni.11.nopa 8 BiJJ,CTaHHIO Mi>K HHMB 

170 - 65 u 

B 65 + 2 = 117,5 mm (TYT npHHM86MO, mo KO>KHa npOTH-

CHJia DiADOpH npHXOAHTbCSI RK pas no-cepe,llBHi CTH'IHHX noeepxeiB KHH8 
ii ropJIHUla) i o6TSl)l(CHHH piBHOMipHo poa6HTOIO no AOB>KllHi 65 mm 
CBJIOIO a 7000 kg. Bi,u;noei,u;eo ,u;o uex ,11,attex rey'leii MOMeHT CSyAe 

Mb = 70~ (!_!_~~ - 625) = 14875 kgcm. 

npalM&IO'IH nonepe'l'ISI KJIBHa aa uinHii CTOp'lopa111eHHHii 'JOTBpOKYTHBK, 
JlllTBMe•o 1 

- . 1,1 . h1 

Mb = 14875 = 12 
· 1000, h/2 

aaiJu<a h = 9 cm. 
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BaJIBWH OJJ.HHHqHuu cna,11, 1 : 2,5 i ,11,osmuHy 210, MaTHMeMo /z' = 95 11m1 

h" = 86,6 mm. 
TinhKH mo apo6neHe o6qucneHHR Ma6 TY He,LJ,oKna,LJ,HiCTb, mo none­

peqqSI KJIHHa npHHHSITO aa noBHRH cTopqopaMeHHHii 110TupoKyTHHK s1 h. 
Ane B .LJ.iHCHOCTi rocTpi py6u KJIHHa aaoKpyr JIIOIOThCJI i TOMY none Horo 
nonepeqqSI euna,LJ,aa MeHwe. lfepea ue aMeHweHHSJ nonSI ttanpymeHHJI 
B KJIHHi apOCTa6 ii nepeXOJJ.HTb aa 1000 kg/cm2• 51KIUO llJISI ,11.aHoro Ma­
TepiSIJJY TaKe a6inhweHHSI aanpymeHHSI BBa>1<a6MO aa tte6eaneqtte ii tte­
.itonycTHMe, TO uinuu paxyHOK Tpe6a nepepo6HTH HaHOBO, B8SIBWH aa 
niACTaey ei,11,noBi]J.HO 8MeHIIJeHe HanpymeHHSI. QinKOBllTO AOKJI3J].He o6qu­
cneHHSI MO>KHa apo6HTH JIHIIJe B TiM paai, KOJIH M36MO MOMeHT iHepuil 
aaoKpyrneHoro nonepelflfSI. Xoq TaKe o6tfHCJieHHSI ii He Mas Hilforo TPYA­
Horo e co6i, ane BOHO aa6apHe i HaBiTh aaiiee, 60 e ,LJ,iUcttocri npuny­
weHHSI npo BeJIHlfHHY Bi,LJ,CTaHi MiH< ni,LJ,nopaMH KJIHHa Ta npo poa1rna,LJ, 
cu11 He aascir,LJ,H onpae,LJ,y6ThCSI i npaBHJ1hHicTh ra1<0ro npunyme1-1Hst aa­
ne>1<HTb OJJ. ,lJ.OKJiaAHOCTH caMoi po60TH. 

l..QOAO BHMipy h2, TO Tpe6a aayea>KHTH, WO JJ.OKJiaJ].He 06lfHCJieHHSI 
iforo WJISIXOM niJipaxyHKY He MO>l<JIHBe. 51Kmo nonepelflfH KJIHHa aa­
OKpyr neHt a o6ox 6oKiB, TO pa,LJ,SITb 6paT11 h2, piBHe npH6Jll1H<HO 3 no­
JIOBHHOIO cepeD,HbOi BHCOTH h. BHMip h1 MO>l<Ha 6paTH TaKHH C3MHH, SIK 
i h2 • TaKHM qaeoM BHXOAHJIO 6 

h1 = h2 = 0,5 h = 45 mm. 
3~AUH AOB>KHHa HaKouequuKa TOJIQqHJibHa 

l = h + h1 + h2 = 90 + 45 + 45 = 180 mm. 
XTiewu MaTH Aemo MeHwuii npoMip D ropnuma, a paaoM ia THM 

i JJ.emo Meuwy BHCOTY l<JIHHa h, Tpe6a aaoKpyrnHTH BHMip S1, CKa>1<iM, 
JJ.O 18 mm. Ta1<e s1 ro,LJ,HTHMe yMoeuui (1 ). ToAi 6 JJ.icTanu TaKi BHMipu : 

D = 130 mm, h = 62 mm, h1 = h2 = Kpyrno 35 mm. 

II. Wpy6M. 

1. 3ara.rihHi yBarn. 
Y sieiM co6i, mo ua,LJ,o­

Kona ei6noro CTPH>KHSI (pHC. 
56) H3BHBa6TbCSI rny'IKHH 
TpHKYTHHK BAC, TaK mo 
1<paii iioro AB iJJ.e no cni,11,­
HbOMY Kpyai AD cTpH>1<HS1, 
a Kpaii BC nsira6 Ha 601<0-
ey noeepxHIO iforo ii aaeu­
eaaTbCSI Ha-eaip IlOBJHKH. 
Kpeey JiiHifO, mo noecTa6 
BiA TaKoro HaBOIO Ha,LJ,OKOJia 

c 
~- --- - --- --------- -- --- - -- -----. 

;h 

(:'HC- 56) 

r 
lo 
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noeepxui CTPH>KHR, aeeMO B IO 'I K 0 IO a6o w p y 6 H 0 IO n i H i 8 IO. BiAnO­
BiJJ.HO AO Toro, B RKHH 6iK B8TbCSI 1'8 nieisl - enpaeopyq 'IH enieopytt, 

I 

~- -r 
-~ 

i 
- T I ,...._ 

It-
I 

(pee. 57) 

DOBCT86 n pa B 0 a B 0 p 0 TH a (pHC. 56) 'IH n i B 0 a B 0 -
p 0 T H a (pHC. 57) BIO'IK8. npaeOSBOpOTHa BIO'IK3 DiAHO­
CHTbCSI aniea uanpaeo, nieoaeopoTua - uaena"H. BiAcTaHb 
AE (eiJJ.naneHHSI Mi>K p;eoMa cycip;eiMH TO'IKaMH BIO'IKH ua 
ffKiH ue6y.o,h 01\Hiii TBOp'liii ei6J1a), uaaHB86MO K p 0 K 0 M 
a6o c T y n H e M BIO'IKH; HaAani QIO Bi,[lCT3Hb 6yAeMO oaea­
qyea TH 6yKBOIO h. 

KyT BAC uaaweaeMo KYTOM n 6 c x o AY a6o c n a AY 
BIO'lKH (noro eiJJ.aHa'la6MO 6yKBOIO a). 3ri.o.eo a pee. 56 
,[licTa6MO 

h 
tg ex= 

2
--. 

n r 
(5) 

y RBiM co6i p;ani, mo 8.11.0B>K BIO'IKH nepecyea6TbCR pieeo60KHH TPH­
KYTHHK a6o cTopttopaMenuuii 'IOTHpOKYTHHK, ane TaK, mo o.o.ue 6iK ix 
aaecir,[lH ne>KHTb ea TBOp'liH CTpH>KHSI, a nnomHHa, 6yewH npOAOB>KeHa, 
npOXO,[lHTb qepea Bicb iioro 0 0. BiJJ. TaKoro pyxy DOBCTalOTb : r 0 c T p O-

t. 
/J ,. 

K y T H a a6o r o c T p op i a H a w p y-
d· 6 a (puc. 58) Ta c T o p 'I o Ky T Ha 
b "· a6o n n a c N o p i a H a w p y 6 a (puc. 

f77:~*====-~· 59). CaMaii npyr, mo BHTeopI06ThCR 

u 
I 

(pee. 58) 

ni,A 'lac T3KOrO pyxy, mo M86 OT>Ke 
TpHKYTHY 'lH lfOTHpOKYTHY cl>opMy, 
aseMo H a p i a a 10. 

Bip;noeiJJ.HO AO Toro, RKY caMe "l. 
cny)l(6y BHKOHYIOTb wpy6u, poapia- s · .. 
HSl6MO wpy6u AnJI cnonytteHHR -
n po r o H H 'I i i wpy6u JJ.nSI nepeJJ.a-
'li pyxy - n i JJ. e o po TH a6o n e -
p e C y B H i llI p y 6 H. nepwi 8 HHX 
M8IOTb aaecirJJ.H rOCTpOKYTHY uapiah 

{pee. 59) 

Ta npaeoaeopoTHHH xiA. l.foMy caMe, npo ue 6yJJ.e Moea .o.ani. niJJ.eo­
poTH )(( HaenaKH po6m1ThCR '13CTO nieoa·BOpOTHHMH ii a.o.e6inMDOrO nna­
CKHMH. 

EinhwicTb wpy6 M36 noa.o.uu11y uapiab, ce6To cTpH>KeHb ix o6eu­
eaaThCR OAHHM 8.ll.HHHM npyroM. AAe ee pi.o.Ko wpy6u MatoTb .o.ei, TpH, 
a6o ii 6inhwe Ta1<Hx o6BHTOK; ocTaHHi up;yrh pieeo6i>KHO ii Ha O,[lHaKo­
eux eiACTaHffX on Ha BiA OAHOi; TaKHX wpy6 y>KHBaIOTb TaM, .o.e Tpe6a 
MaTH eenHKHii xiJJ. i ne noeAHH'la uapiab a eenHKHM KYTOM cnaAy, a 
aHa'lHTb ia eenHKHM KpOKOM, 6yna 6 He MiQH8. 

lfo>KHa mpy6a M36 Ha 8 0 p 0 'I Ky (M8TKy, Myrpy), mo o6iHM86 ii. 
Hapiah uasopo'IKH noBHHHa uin1<0M nacyeaTH p;o eapiai caMoT wpy6a ; 
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eoaa aeaxoAHTbCR Ha cepeAoeiii noeepxai ,u;yToro ( nycTOTinoro) ei6na. 
06epTaIO'IHCb HaAOKona ceoeY wpy6H, Haeopo'IKa BiA6yeae aapaaoM i 
nocTynHHH pyx e ocbOBiM HanpSIMi. KonH )I( uaeopo11Ky Aep)l(aTH Hepy­
XOMO, a o6epTaTH wpy6y, TO TOAi OCTaHHJI BiA6yeaa DOCTfDHHH pyx. 

ll.lo6 wpy6y enpaeHTH e pyx, noTpi6ea nee­
Ha CHna, 8 KO>KHiM OKpeMiM paai iHLUa. Qio CHJIY o6-
llfHCJII06MO, KOpHCTfIOllfHCb MexaHi'IHHMH enaCTHBOCTJl­
MH noxano·c nnomHHH. Hexaii OT)l(e Q *) oaHnae 
Tsrrap, mo i'ioro Tpe6a niAnecTR 11H cnycTHTH; µ, -
cniB'IHHHHK TepTSI Mi)I( wpy6oIO Ta HaeopO'IKOIO; BiH 
aane>KHTb Oil Manpisrny H: CTaHY noeepxei o6ox CTH11-
HHX Tin, Bi.I( THCKy, BiA M38HB8, •iA CKOpOCTH pyxy 
i ei,u; TeMnepaTypa; (>, SIK i paHiwe, KYT TepTR (ner­
KO DOKaaaTH, mo tg (> = µ, **). To.l(i 

H = Q tg (a+(>)***) (6) 
TyT aHaK n+" BiADOBi,u;ae TOMY BHOaAKOBi, KOJIB TR­
rap ni.o.HOCHTbCSI, aHaK .,-", KOJIB TJlrap onycKa6Tb-

(pac. 60) 

•) Ha pac. 60 OOK838HO Ha&OpO'IKY B o6paal THrapy Q, 06TRH<eeoro • DO­
aeMiM aaopRMi canot0 H; ~R cana eaaaraencsr oocyeaTa TRrap oo ooxanli 0110-
w.eei 1a.oe>1< wpy6oeoi eaplai. 

••) Becni.QHB R ei.Q cane TepTR F i cane ooopy P coiA­
HbOi onOW.HHB (pee. 61) TBOpBTb ie CBJIOIO p KYT TepTR ~­
SIK BHi,tHo a pucyHKY, F = P tg ~· Ane paao• ia TBM 
F = µ p; aai.Q~in& BHXOABTh, w.o µ = tg ~· 

111-o KfT e e cop8HAI ICfTOM TepTR, oepeKOB86MOClt ia 
Toro, w.o Kone a = ~' TO TOAi R = Q, ce6To ~lnaii yKnBA 
can, w.o o6TAH<YJOT& Ti.110 A, caM co6ot0 apleeoea>1<yen.cA, 
i eiA eaiiMeeworo a6in&weeasr JCyTa a Tino oo'lee cKoeaTa 
BBHB, ynleopy'I. 

•**) Qeii asipe~& BHBO.llHMO T8K: :niema oepecyeyTH 
Tino A 8Dpaaopy'1, Tpe()a opaKnBCTH AO H&oro lilKYCh, OOICH 
1110 HeeiaoMy, cany H (pac. 62). TaKaM 'IBHOM Tino A 6yae 
06Tsr>1<eee canaMe: Q - H&THCK iaeepxy, P - op0Tac1111a 
ol.Qoope, F - cana TepTH, H - oepecyeea cena. TyT eaM 
Rino•a TiJJbKH .QBHB cuna Q, cana >K P, F i H -
He&iAOMI. 111-06 ix aeaiTB, MJCUMO CKJIBCTB TPH 
plBHBBHSI. 0AB0 piBHBRBSI BBAaye F a P, BOHO 6y­
Ae F = µ P. 111-06 CKnacTa w.e nea, opeoycTiM 
coepwy, lllO cana H Mae Tally eena'laey, lllO na­
mea& apieeoea>1<ye co6010 pewTy can. B ul• paai 
CfMB MeTiB ycix CRn ea BiCb y Ta x OOBHHHi KO>K· 
BB 80Kpeaa plBHATHCSI 0, ce6TO 

1) P cos a - Q - F sin a = 0, 
2) - P sin a - F cos a + H = 0. 

Baaema ea yeary, lllO F = µ P, AICTBReao a oep­
moro piaeaea 

Q P=-----­
cos a - µ sin a· 

(pBC. 61) 

. Q. 

+ 
I 

(pac. 62) 
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CR. BiACT3Hb r TO'IKH npHno>1<eHHR cuna H BiA oci wpy6u npaiiMaSMO 
aae6inbWKH B 

Ym ·-

ToMy canoeaii MOMeHT, noTpi6HHii Am• o6opoTy HaeopotJKH, noeaHeH 
6yTH piBHHH 

a6o, a or m1Ay Ha 

M = H 'Ym = Q Ym tg (a + (>), 
pieHaHHR (5), 

h + 2 n 'Ym µ, 
M = Q Ym 2 - - h . 

1' Ym + /J, 

(7) 

(8) 

c n i B q H H H HK 0 M B HA a T K y a6o c Ty n He M K 0 pH c H 0 c TH RKOl 
He6yAb M3WHHOBOT 113CTHHH lfH ii eaarani 1.dnoi MaWHHH aaauea6MO cnie­
KpaTb Mi>K SJl06yTOIO HelO po60TOIO i po60TOIO, BHTpalfeHOIO Ha BiAnO­
BiAHMH pyx ii, ce6TO 

aAo6yTa po6oTa 
'1}= 

BHTpatJeHa po60T8. 
(9) 

3 npHlfHHH TepTR niA qac pyxy AinHMOK QbOrO ,!J,po6y aaecir,!J,H MeHWHH 
OA AinbHHKa iioro, a TOMY '1J < t. SIKmo eaRTH po6oTy, mo eip;noei­
p;aa O,!J,HOMY o6opOTOBi eaeopo'IKH, TO 

Q h Q tg a tg a 
'1J = 2 n r H = Q tg (a + (>) - tg (a + (> )" (IO) 

Qeii •aipenb MB AicTanH a piBHaHb (9) Ta (6), B8RBWH 8 OCTaHHiM 8HaK 
.+~' 60 nHwe neii BHD3,!J,OK ei,1J,noei,1J,a6 poayMiHHIO cniBlfHHHH"Ka BHA3TKy. 

Kom1 a = 0, a6o a = 90 - (!, TOAi a pieHaHHR (I 0) BHXOJJ.HTb, 

~o fJ = 0. Ceoa·i Haii6in1>woi eenH'IHHH AOCRraa fJ, Kone a = 45 - ~, 
TO Ai 

tg (4s - ~) 
-· 

tg (45 + ~) 
- tg2 (45 - ~). 

BopOB8ABBma u.e B Apyre pieeaaBR, AJcuee•o 

H = Q (sin a + I" _cos a). 
cos a - I" stn a 

A lllO I" = tg ~' TO OCT8TO'IBO MaTBMeMO 
H = Q tg (a + (>). 

HalMeHme a6iJI1imeeeR cana H opOTH TiJI&KB mo 0611acneaol 1ena11aeu i"i opaaeo­
A•TL AO pyxy. SIKUIO :XO'leMo oepecye&TH Tino A B opOTBJie>KHiM eaapsrMi, TO WJIR­
XOM TBKOro caMoro oi,qpaxye1<y JJerKO nepeKOB88MOCli, lllO B a.JM paai 

H = Q tg (a - (>). 
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51Kmo eiabMeMo cniB'IHHHHK Tepu µ = 0,105, mo ei,o.noei,o.ae Ky­
Toei Q = 6°, TO BHnaAe a = 42°, a "lmax .= 0,81. Ane aAe6inbworo 
6yeae TPYAHO H&JJ.aTH wpy6i TaKHii eenu1<aii KYT cnaAy, a = 42°. ~06 
MO>l<Ha 6yno a AODOMOrOIO JIKHaiiMeHWOY CHRH H nepeMOrTH S1KHaii6iJibWY 
cHny Q, Tpe6a HaenaKH .11aTH wpy6i mo-HaiiMeHwHii KYT cna.o.y a. BaRB­
WH, Hanp., a = 5°' Ma TH Me MO 

- tg5° 0,087 
'I] - tg (5° + 6°) = 0,194 = o,45, 

ce6TO nHwe 45°1o BHTpaqeffOi po6oTH noeepT86TbCR 8 8A06yTy po6oTy, 
THM 'lacoM RK 55° / 0 rpaTHThCR Ha TepTH. X TiewH MaTH eenHKHii KYT 
cnaAy i qepea Te eenHKHii cniBtfHHHHK BHA8TKY f], B>KHBalOTb wpy6 ia 

. K . u • ih MHOrOKpaTHOFO Hap1aaFO. onH 'IHCRO Hap1aeH 6 1, TO tga = -2--· 
nr 

Ka>KeMO, mo wpy6a caM0Ty>1-KH ranbMY6TbC~, Konn nicm1 cninb­
>KeHHR ii ei.o. cunu H TRrap Q He MO>Ke caM co6010 onycKaTHcst. CaMo­
TY>KHe ranbMyBaHHR 6yeaa name TOD.i, KORH KYT cnaAy wpy6H °' piBHHH 
a6o Meewuii OA KyTa Tepn1. AnR eananKy a = Q AicTaaeMo, ariAHO 
a piBH3HHRM ( 10), 

- tg~ = 1 - tg2 Q = 0,5 0 5 2 
'1} - Tg'iQ 2 - , tg Q· 

BaRBWH aeoey µ . 0,105, MaTHMeMO tg2Q = µ2 = 0,1052, AY>Ke Ma­
ne 'IHCno, a TOMY MO>KeMo a eenHKOIO 6nHab1<icT10 no 11.iHcHOCTH npaii­
HRTH "1 = 0,5. TaKHM lfHHOM caM0Ty>1<ae ranbMyeaHHR cnonylfeHe ai 
BTpaToio mo-HaiiMeHwe 50° / 0 po6oTH. Ane aBH'laifHo cTyniH:L KOpHCHo­
cTH caMoranhMiBHHX wpy6 6yeae me MeHwHii, 60 pa.o;u 6inbwol neeHo­
CTH B ranbMyeaHHi BH6ipal0Tb KYT °' MeHWHH OA Q, OCOORHBO KORH µ 
He neeHe, KOnH MO>KH& cno.a.ieaTHCst aaThOKY Maauea AO wpy6u, To mo. 

lllpy6H a rOCTpOI<YTHOIO HapiaalO AaFOTb MeHWHii BHAaTOK, Hi>K 
nnac1<opiaHi, a Qe ToMy, mo e nepwux cHna TepTst 6inbwa. Qe 6inbwe 
Tepn1 rocrpopiaHHX mpy6 He euri.o.He e THX eunaD.1<ax, KOnH wpy6a Mae 
cny>KHTH .o.m1 nepecyeaHHR, ,11;m1 nepemiqi pyxy, i HaenaI<H BOHO Ay>«e 
npH,ll;aTHe ii KOpHCHe AnR nporOHH"liB, ne caMe ii DOTpi6yeTbCS1 caMOTY>K­
He ranbM.yeaHHSl i .11.e TepTSl nepeWKOD.>Ka6 wpy6i caMOBHKpyqyeaTHCSl. 
3 or mu~y Ha Qe, a TaKo>K i a Toi npn'IHHH, mo rocTpopiaei wpy6u Ma­
IOTb MiQHiwy Hapiab, Yx Maii>Ke BllKnFO"IHO B>KHBalOTb AnR cnonyqyaaHHR, 
ce6To RKO nporOHHlfiB. 

lllpy6u Hapiay10rb a6o pyllHHM cnoco6oM, y>1<uea10"IH .11nR Qboro 
Ha B 0 p 0 TH 'I a, a6o Ha TOI<apQi. nepmHii cnoci6 rO,ll;HTbCR RBWeHb JI.RR 
Manux wpy6; eenHKi Tpe6a eapiayeaTH ea TOKapKax. OcraHHHi cnoci6 
Aa6 MiQHiwy Hapiab, THM 'laCOM RK HapiayeaHHR wpy6H a AODOMOrOIO 
HaeopOTHtfiB Ay>Ke lf8CTO BHKRHK88 nepeaanpy>KeHHSl B MarepiRni iY, npo 
mo CBi,D,tfaTb Micueei poapHBH ii pOSTHCKH Hapiai. 
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Hapiay10'IH wpy6y Ha TOKapu.i, Tpe6a nonepeAy norOAHTH KPOK ii 
a KpOKOM nepecyBHOi wpy6u TOKapKH, a TaKO>K ia THMH naJie'IHHMH KO­
JiecaMH, UJ.O a HHX CKJia]:\~6ThCff Ha'IHHHff TOKapKH. nepecyBHi wpy6H Ha­
WHX TOKapOK BHKOHaHO 3Ae6iJibWOro Ha aHrniHCbKY CHCTeMy, Ha aHrniii­
ChKY Mipy, TOMY npHXO.ilHThCSI ii caMi wpy6u HapiaysaTH B aHrniiiCLKiH 
Mi pi ( 1" aHrn. = 25,40 mm). 0'1eBHAHa pil.f, UJ.O npoMip wpy6H MO>l<Ha 
OCi'IHCJISITH B KO>KHiH Mipi, OT>l\e ii y MeTpH'IHiH. SIKW.O )I( nepecystty 
wpy6y TOKapKH uapiaaHO 8 MeTpH'IHiii CHCTeMi, TO BiADOBiAHO AO IJ.hOfO 
ii I<pOK KO)f(HO"i wpy6u, mo Hapiay6TbCSI Ha uiii TOKapu,i, DOBHHeH 6yTH 
o6'1ilCJieHHii y u.iii caMiH CHCTeMi. 

Ha pacyuKax 63, 64, 65 noKaaatto aBH'faiitti npocpini rocTpOKYTHOI 
Hapiai. 

(pHC. 63, 64, 65) 

1. Hap i ah S. I. (puc. 63) (S. I. = Systeme International) yxea­
JieHa B >KOBTHi 1898 p. B Qipuxy Ha aiaAi HiMeUbKHX, weaiiu.apCbKHX, 
cl»paHu,yabKHX Ta 6enhriHChKHX iH)f(eHipiB. nonepe'l'ISI Hapiai Ma6 cl>OpMy 
piBH060Koro Tpaneay, w.o DOBCT38 ia n pa B H JI b H 0 r 0 TpHKYTHHKa, ni-

CJISI apiaaHHff iioro aeprnKa Ha ~, Ae t0 , eucoTa TPHKYTHHKa, piBH& 

0,866 h, a h 6 AOB)f(HHa OCHOBH itoro. OKpiM IJ,bOro, BD8AH Hapiai aa­

OKPYrJIIOIOTbCff Ha :ff BHCOTH. rnu6HHa t BXOAY Hapiai B HapiaL pieHa 

3 
4 to. 

2. B iT e op Toe a Hap i a L (puc. 64). nonepelf'lff Ti Mae ct»opMy aa-
01<pyr JieHoro npH eepwKy ii npH OCHOBi pi B H 0 6 0 K 0 r 0 TPHKYTHHKa; 

BepWKOBBii KYT = 55°; BHCOTa KO>KHOro aamcpyrJieHHR ~; npoMiHL aa-

OKpyrJieHHR = 0,143 to· rnu6uaa BXOAY t = ~ to· y Hae, B Eeponi, 

BiTaoproay Hapiah MO>KHa eea>1<aT11 aa Haii6iJILW nowupeHy. 
Ha CTOpiHu.i 39., Ha Ta6na1d, DOA8HO 8BH'l3HHi BHMipH wpy6 BiTaopra. 
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CA) 
eg 

llJ p y 6 a B I T a o p T a. 

npoMlp wpy611, none oooepeqeoro oepepiay Beaneqea cena o6TA>KY u,inol wpy6e poaTArOM 

II CTpu<ee1a Kone eaoepeA can1aeo ea-
B&aA•i paiii flone DO• KOnB CTpB>KeHL Kone CTpB>KeHL TRl"BJTB wpri6a DiATHry-

mpy6a pOBTRry-opoaip IlpOMip oepe11eo- mpy6a Tin1a1<a 
6TbCR ii CKpJ'IY· 

6TLCR ~e D A qac opau,i 
d dl ro oepep. poaTRry&TbCR n, HK eaop. OinbwicTh 

0,25 n d1
1 

6TbCSI wpyO ea Kpacax 

ll&.nl aern. mm uaniaern. mm cm2 kg I kg kg I kg kg I kg 

x 6,35 0,186 4,72 0,175 84 105 63 79 14 18 
&/11 

I 

7,94 0,241 6,13 0,295 141 177 106 132 32 40 
1/s 9,52 0,295 7,49 0,441 212 265 159 198 60 75 
7/ie 11,11 0,346 8,79 0,607 291 364 218 273 98 123 
% 12,70 0,393 9,99 0,78 375 469 281 351 147 184 
&/s 15,87 0,509 12.92 1.31 629 786 472 590 283 354 

,% 19,01 0,622 15,80 1,96 941 1176 706 882 476 595 
7 /s 22,22 0,733 18,61 2,72 1306 1632 979 1224 734 918 
1 25,40 0,840 21,33 3,57 1714 2142 1286 1607 964 1205 

J YH 28,57 0,942 23,93 4,50 2160 2700 1620 2025 1215 1519 
1X .11.75 1,067 27,10 5,77 2770 3462 2078 2597 1558 1948 
13/s 34,92 1.162 29,50 6,84 3283 4104 2462 3078 1847 2309 
1% 38,10 1,287 32,68 8,39 4027 5034 3020 3775 2265 2831 
15/s 41,27 1,369 34,77 9,50 4560 5700 3420 4275 2565 3206 
1~ 44,45 1,494 37,94 11,31 5429 6786 4072 5090 3054 3818 
17 /s 47,62 

I 

1,591 40,40 12,83 6158 7698 4619 5774 3464 4330 
2 50,80 1,716 43,57 

I 

14,91 7157 8946 5368 6709 4026 5032 
2X 57,15 1,930 49,02 18,87 9018 11322 6794 8492 5095 6369 
2% 63,50 2,180 55,37 24,08 11558 14448 8669 10836 6502 8127 
2Y<i 69,85 2,384 60,56 28,80 13824 17280 10368 12960 7776 9720 
3 76,20 2,634 66,91 35,16 16877 21096 12658 15822 9493 11866 



3. Hap i ab Cena p ca (puc. 65). nonepe'l'IR li noecTano a n pa -
. . 1 T B H JI b H 0 r 0 TpHKYTHHKa ; aepWOI' 1 ena]J.H cnnomeH1 Ha 8 BHCOTH. aK 

caMO, SIK i BiTeopTOea Hapiab, BO Ha BHBOAHTbCSI B aHr JiiHCbKiii Mipi, a 
DOWHpeHa Haif6iJibWe B AMepuui. 

1 
npoMip CTpH>KHff di = d - 2 t; a mo to ::.= 2 h · ctg 30° = 

3 = 0,86603 h i t = 4 to = 0,64952 h, TO B HXOAHTb, mo di = d -

- 1,29904 h.' 

2. 0 6 q H C JI e H H H III p y 6. 

BiJ(aHa'IMO, Aliff rocrpopiaHHX wpy6, qepea Q kg cHny, mo o6TR­
>Kya wpy6y e HanpS1Mi li oci; qepea k kg/cm2 ii.oaeoneHe poaTff)l(He ea­
npy>KeHH.i MaTepisrny wpy6H; qepea di cm npoMip CTpH)l(H" i qepea 
d cm aHa.a;eipHiii npoMip wpy6H. 

npucryoalO'IH JJ;O Ot5'fHCJieHHff BHMipiB mpy6H, Tpe6a MaTH Ha yeaai 
MO>KJIHBiCTb ,O.BOX BHaa.u;KiB: 

1. 3eepXHJI CHJia Q DO'IHH36 ot5TS1>1<yaaTH wpy6y a)I( nicJISI Toro, 
RK H aarSirHyro, CKpyqeHo. 

2. lllpy6a lfH ii HaBOpOllKa aaTJ1ryt0TbCSI nin piBHOlfaCHHM o6TJI)l(eH­
HSIM aeepXHbOIO CHJIOIO Q. 

B nepwiM paai cTpH)l(eHb wpy6n aaaHa6 ronoeHHM lfHHOM TinbKH 
poaTRry 'IH CTHCKY; B ii.pyriM, OKpiM poaTJiry 'fH CTHCKY, me if KpyqeHHSI. 
Ha uiM Micui rpe6a we ara,lJ.aTH npo nonepe,ll.Hi, aaTJI)l(Hi Hanpy>KeHHR, 
nopie. crop. 42-43. 

Ban a Ao K I. 51KLUO AKBHTHCSI H& wpy6y, HK Ha rnanKnif cTpH­
)l(eHb ia npoMipoM d11 ce(ho He 6paTH Ha yeary ennuey Hapiai Ha iioro 
MiQHiCTh, TO MaTHMeMO 

(11) 

Ane aB1t'laiiHo o6'fHCJIIOIOTb He npoMip di crpH>KHR, a aHa,lJ.eipHiH npo­
Mip wpy6a d, TOMY B· TiJibKH mo BHDHCaHHH eaip, aaMiCTb dv enpoea­
lJ.)l(YIOTb d, DOKJia.1tat0'1H di = 0,8 d. nicn~ UbOrO ,lJ.icTalOTb 

Q - n 082 2 k - 05d2 k - 4 · , d z - OKpyrno , z• (12) 

B paai o6TSl)l(Y b ( CTOp. 13) MO>KHa 11.n.i KOBylforo aaniaa npHHHJITH 
kz - 600 kg/cm2

, SIKmo BBH'laHHO BHKOHaHHSI po60TH 6y,l1.e CTapaHe ii 
.QOKJia,lJ.He. ToJJ.i 

(13) 
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KOJIH )I( He MO>l<Ha cno.1deaTBCSI UiJIKOM no6poro BHKOHaHHSI wpy6H, 
KOJIH BOHa eapiayeaTHMeTbCSI He lJ.OCHTb rocTpHM, KCDCbKHM HalfHHHSIM, 
TaK I.UO BHHAe MeHwoi eapTOCTH, TO B uiM paai Tpe6a 6paTH .lVISI kz MeH­
me lfHCJIO, aeHaHBUIH iioro npH6nH>KHO no 480 kg/cm2

• Bi,llnoeiAHO AO 
Qboro nonepe,lleiii eaip nepeTaopHTbCSI e 

Q = 240 d 2
• (14) 

fpy6rni wpy6H MO>KHa 06TSl>KyeaTH CHJlbHirne, Hi>K ue BHXOAHTb ai 

eaopie {13) Ta (14), 60 B HHX cniBKpaTb ~ 6i11hwa Bill. 0,8. 

HaeopolfKY po6nS1Tb aeaqaifeo aaeearnKn e 
h1 = d, (15) 

11Kf.UO MaTepisin 'ii TaKHii caMHH, SIK i MaTepisrJI mpy6H. Kone >K wpy6a 
a Koeyqoro aaniaa, a HaeopO'IKa a rHi,t\OMiAHUi {6poHaH), TO BHCOTY oc­
T8HHbOi Tpe6a TO,lli po6HTH 6iJibWOIO, a caMe h1 = 1,5 d, 60 rHi,llOMi­
.AHUSI Ma6 MeHwy MiUHicTb, H"i>K aaniao. 

SIKmo eaeopolfKa Ma6 6yTH qaeyHea, TO a yearH 
Ha MeHwy MiQHicTb QbOrO MaTepisiny, Tpe6a IT po6HTH 
me BHl..UOIO : SIKl.UO MO>KHa, He MeHwe 2 d. Ha TaKy 
caMy rna6aHy Tpe6a ernpy6oeyeaTH rnyxi rnpy6H (a a­
w p y 6 K H), KOJIH BOHH CHlJ.SITb y qaeyHi (pac. 66). 

B H n a A o K II. B .a;auiM paai wpy6a lfH eaeopolfKa 
aaTsrryIOTbCSI niA piBHOlfaCHHM o6TSl>KeHHSIM aeepXHbOIO 
CHJIOIO i TOMY Tpe6a ,ll06pe DBJlbHYBaTH, mo6 OAHHHlf­
HHH THCK Mi>K CTHlfHHMH noeepxHffMH wpy6H if HaBo-
poqKH He nepexoii.ue no-aa 200 kg/cm2

, 60 iHaKwe onHo (puc. 66) 
BicTbCSI B ,llpyre. *) )(ml THX wpy6, mo aHaXOll,SITbCff B 
pyci, npo6yeat0'IH aapaaoM ni.ll ennueoM aeepxHbO'i conn (nepecyeHi 
wpy6u), OP,HHHlfHHH THCK Ma6 6yTH me MeHUJHH i B >KaAHiM paai He ne­
peXOAHTH no-aa 100 kg/cm2

• 

3ri,a;Ho ai cKaaaHHM paeime, eennlfnHa aa1<pyTHoro MOMeHTY Md ,a.nsr 
nnacKopiSHHX mpy6 CTaHOBHTb 

Md= Qr· 

,llnff rocTpopiaHHX rnpy6 

tga + µ 
1 -- µtga ' 

(16) 

Md = Q r . tga - 1, 12 µ ( 17) 
1 - 1,2 µtga 

I<onu noKnacTH tga = 0,04, µ = 0,15 Ta npoMiHb r - 0,55 d1, TO 
ai eaopy (17) ,lliCTaHeMo 

Md = 0,11 Q dl" (18) 

•) KoJIH TBCK Mill< cre1.1eaM .. ooeepxeR•e oepexOAHTL opu6na>Keo oo-aa 200 
kg/cm1, TO B)f(e )1(8AHa M88L He MO)f(e BAep)f(RTBCL Mi)f( HBMH. Bosa BHTBCK&6TLCR 
ea- aepx i TepTR BiA6yaaeTLCA MhR 11BCTHMB noeepXHAMH, BHl<mIK8I011B B8IA8BHR. 
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CTopqoee ttanpy>1<eHHS1 e cTpH>KHi wpy6u a 

(j = _Q_. 
!!__ d 2 
4 1 

Haii6iJibWe CTH"IHe Hanpy>1<eHHSI B HHi 6 

Tmax = ~~ = O,l l Q = 0,446. 
n d3 !!__ d2 
16 1 16 1 

3BiiU.\H ano>KeHe eanpy>1<eeesr 

k = ,--9_ [0,35 + 0,65 V 1 + 4 (a0 • 0,44)2 
], 

!!__ d 2 
4 1 

4 . "o = 3, JJ.JCTaHeMO npHHHRBWH 

. 4 Q 3 n 
kz = 3 . n--, a6o Q = 4 . 4 di'· kz. 

4 di2 

(19) 

nopiBHSIBWH ueii BHCJiiA ai BaopoM (11), 6a"IHMO, mo KOJIH wpy6a 
aaTJJryaTbCSI niJJ. piBHO"l8CHHM o6TSl>KeHHSIM aeepXHbOIO CHJIOIO, TO o6TR>K 
ueii MO>Ke cTaHOBHTH ee 6iJihwe, HK 3 

/ 4 o6TH>KY eanepe,11. aaTsrrHeHoY 
wpy6u. THM TO ,11.nR TaKHX wpy6 ia Koey'loro aaniaa ii npu Han11inwiM 
BHKOHaHHi MO>KHa npHiiMaTH 

Q = : · 300 d2 = 225 d2
• (20) 

51Kmo >K wpy6a Mae eapiayeaTHCb ae Ha TOKapui, a6o He rocTpHM 
H8"1HHHffM, TO BiADOBi,11.HO AO (14), npoMip Ii d Tpe6a 06"1HCJIJITH ai eaopy 

Q = ! · 240 d2 = 180 d2
• (2J) 

TyT raKO>K encora Haeopo"IKH 6eperbcff aeH11aiieo h1 = d. lfonH >K 
wpy6a a Koey~t0ro aaniaa, a Haeopo11Ka a rei,11.oMiAHUi, TO h1 = 1, 2 d ; 
ffKJnO )I( HaBOpO'IKa Ma6 6yrH '18BYHHa, TO h1 = 1,5 d. 

/lo eaopiB (13, 14, 20 i 21) rpe6a aayea>KHTH, mo o6qacnetti a HHX 
wpy6u M8IOTb H8HMeHwi BHMipH, ei,11.noBiJJ.Hi AO KO>KHOfO ,11.aeoro BHD8.llKy. 
3 or JIRAY >K Ha re, mo 6im.wicTL wpy6, npHaHa"leHHx JI.Jiff cnony'leHHJJ, 
MiUHO aarRryioTLCR ute ni,11. 11ac cKJJa,11.aHHR cnony"leHHR ii TOMY e>1<e ea­
nepe,11. 6yea10n o6TR>KeHi neeHOIO CHJIOIO (nonepeJJ.Hiii aaTRr), a ,11.eRKi 



wpy<Sa ni,1m1ry10TLeff paa-y-paa me it noTiM, niJJ. qae npal.\i, mo TaKO>K 
BHKnHK36 eeoi Hanpy>KeHHff, TO aa-JJ.Jiff 6iJibWOi neBHOeTH Tpe6a JJ,a&aTH 
YM 6iJILWi BHMipH. 3BHtf8HHO JI.Jiff l.\bOro 6yeaa JJ,OeHTb BnpoeaJJ,HTH B pa­
xyHOK, aaMicTb Q, Ha 20-30°1o 6inhwy eeny. Amt ena6wHx wpy6 Tpe6a 
UeH ,IJ.OJJ,aTOK a6iJibWyBaTH, 60 B HHX 6 6iJibWa He6eaneKa HaJJ.MipHOrO 
apoeTy Hanpy>KeHb niJJ. qae aaTffryeaausr. 

Bee moiiao eKaaaHe HaJie>KHTb JJ.O roeTpopiaHHx wpy6. 
06'1HCJUOI0'1H nnaeKopiirni wpy6e, Haiinimne enepwy u.inKOM He 

6paTH Ha yeary Hanpy>KeHb OJJ. Kpy11eHHff, a aaMicTb Toro npHHHSITH 6ea­
ne'1He Hanpy>KeHHff Bill poaTffry '1H CTHeKy Ha 30-50°io MeHwe BiJJ. ix 
8BH'l3HH0°i BeJIHlfHHH. 06lfHCJieHe T3KHM enoco6oM ai eaopy ( 11) di Tpe-
6a aane>KHHM tfHHOM aaoKpyrnern, attaiiTH eiJJ,noei,11.Hy uoMy Hapiab i T. 

iH.; aJJ,e6inhworo 6epyTb s = t = ~ (pHc. 59). Ma101:1e Tenep cepe,11.­

Hiu npoMiHb r, MO>KHa ai eaopy (8) o6ttHCJIHTH MOMeHT TepTSI, a aBiJll.\H 
ii anomeae Hanpy>1<eHHff. 51Kmo ocTaHH6 eenaJJ.e aaeenHKe, TO di BiJJ.­
noei,11.ao a6inbWYIOTb i o()queneHHff nepeB0,11.ffTb H3HOBO. 

3. J H Ill i B H M i p H III p y 6. 

fonoeKy wpy6e (pee. 67) po6JUITb aeu1:1atiao aae­
BMWKH 8 h = 0,7 d - 0,8 d. Iii H3,t\3IOTb 3JJ,e6iJibWOro 
woeTHrpaHHY lj>opMy; TaKy eaMy lj>opMy Ma& BAe6inh­
woro i HaBopottKa; npoMip ynecaHoro B WOCTHKYTHHK 
Kpyra 6epeThCff aea11aiiHo aae6inhWKH B D = 2 d; Ta­
KHM BH6opo.M JJ.0Cffr3IOTb MO>KJIHBOeTH JJ.y>Ke nerKO pH­
eyeaTH ttaeopOlfKJ. 

I 
t(nff JJ,eKoTpHx noTpe<S y>KeeaioTh TaKO>K KBaJJ.paTo­

BHX i T3K aBaHHX ICpHnaTHX aaeopottOK (aaKpy11y10Tbeff 
pyKoro). 

n i JJ.K JI aJJ, 0 K (aeattaHHO a BiJJ.D3JJ.KiB 6JISIXH) Y>KH­
BalOTb JIHWe TaM, JJ,e niAJIO)l(e a ffKHX ae6yll.b npHttHH 
11e o6po6neee, a6o He piette ii KpHee. Ane Yx y>1<Hea-
10Th T3KO>K i B THX BHDaJJ,Kax, KOJIH niJJ,JIO>Ke MffrKe 
(aanp., JJ.epeeo), a6o KOJIH raiaJJ.o JI.Jiff wpy6H HSJJ.TO WH· 

-@-
(pHC. 67) 

poKe, ffK ue, Hanp., 6yeaa a ci>YHJl3MeHTHHMH nporOHH'laMH. 
oeraHHi o6craBHHi BiJJ.na,o.aIOTh, TO npOMip niJJ.KJlaJJ,KH 6epeTbeff 
TpOXH 6iJibWHH OJJ. npoMipy aaeopO'IKH (AO 3d). IliJJ.KJISJJ.KH a 

d 
aaniaa po6nRrLeR aarpy6wKH ,11.0 3 . 

KonH ABi 
BBH-taiao 
Koey11oro 

lliHpBHa OTBOpy KJllO'I& DOBHHHa piBHffTHeff a npoMipo• BDHCaaoro 
B WOCTHKYTHHK H380p0'1KH Kpyra. f py6HH3 a a x Ba T K B KJllO'l8 6epeTLCH 
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aas6inhWKH Kono 0,8 d. lawi BHMipH OCi'IHCJIIOIOTbCR Ha DiACTaBi aa1<0-
HiB MiQHOCTH. Ha 1<n10'li B>KHBalOTb all,e6inhworo 1<osyqoro 11asyHy. B 
1<pyrnax aaeopo11Kax poCinRTb npopiaKH (a6o AY'IKH) .a,nR Knto'liB ra1<0-
no,11.i6ao"i «j>opMH. 

4. 3 a c 0 6 H II p 0 TH ca M 0 p 0 3 K p y lJ y Ba H HSI. 

lfacTO Ciyeaa, mo Haeopo111<a cna6ae ii nosoni caMa BiA ce6e poa­
KpyqyeTbCR. Ao Qhoro cnpH'IHHRIOThCR nepeea>KHO crpHceHHR, KOJIH BOHH 
M8IOTb CHCTeMaTH'IHHH, DOBTOpHHH xapaKTep. He AHBJISl'IHCb Ha Te, mo 
BIO'IKa KO>KHOro nporOHH'la M36 88H'i3HHO ,11.y>Ke M3JIHH cnaA i HaBOpO'IKa 
C3MOTY>KKH f3JlbMY6TbCSI, Ti CTpRceHHR npHMYWYIOTb HaBOpO'IKY no,l\aea­
THCR ii poaKpyqysaTHCR. noTpi6Hi OT)l(e BiADOBiAHi npHCTpoi AJISI aa6ea­
neqeHHSI neBHOCTH ii MiUHOCTH cnony'leHHR. HaiinpocTiweii cnoci6 Ha 
ne TOH, mo Haeopo'iKY ii nporoauq npoceepAJIIOIOTh paaoM i B npo­
ceepJJ.nHHY aaraHRIOTb MiUHO a a r B i a A 0 K, a6o npocyeaIOTb 8 a B 0 JI i 'I Ky. 
Ilpy>1<ecri niAKJiaAt<H TaKO>K aa6eane11y10Tb AO neeHoi MipH BiA caMopoa-
1<py11yeaHHR. lfacTO aa-ll,JISI Bll,ep>K3HHSI HaBOpO"'IKH npHKPY'IYIOTb noeepx 
niAKna,111<H oco6nnei nnawKH, npHnacoeatti AO oeieo,11.y Haeopo'1KH. lfacTo 
TaKo>K aa-AJIR Tisi >K MeTH aaKpy11y10Th aeepxy me ii Apyry Haeopo'IKy. 
Ane ocTaneiii cnoci6 He MO>KHa eea>KaTH aa neeHy pi'1, 60 e AiiicaocTi 
nuweab o.a.tta aaeopO"IKa Aep>KHTh cnonyqeaaSI - cniAHR, i TOMy, 
KOJIH ocna6ue eepXHSI, TO ii cniAHR nycKa6. THM TO Tpe6a KO>KHY eepx­
HIO TaK caMo aa6eane11yearH BiA poaKpyqysaHHSJ, RK i cniAHIO. Jluwe 
B TiM paai 6 pauiR B>KHB8TH no ABi HaeopO"IKH, KOnH rpe6a M3TH MiUHY 
nill,nopy, SIK, Hanp., Ha noKpHWKax JIO>KHCbK, 60 DOKpHWKH He MO>KHa 
Hall.TO Miuuo aaTRryearu. BepxHff ii cni.11,HR aaeopO'IKH noBHHHi 6yTH O.ll-
HaKoBi aaBBHWKH. -

6 me 'IHMano pi>KHHX aaco6ie npore caMopoa1<pyqyeaHHR, a11e qe­
pea CipaK Micusr He 6yJleMo "ix onacyeaTH. 

Il pH K JI a A 1. 06'1HCJIHTH nporOHH'1i JJ,ml CDOJiy'leHHSI iieox CTpH>K­
HiB, OCiTR>KeHHX p08TSJ>KHOIO CHJIOIO B 10.000 kg. npoMip KO>KHOro CTpH­
>KHR 80 mm. MaTepism nporoHH'liB AOnyc1<a6 aanpy>KeHHR kz < 550 
kg/cm2

• 

Bi.11,aHa11Mo qepea Q - poaTRlKHY cHny, i - KiJibKicTb nporoHH'liB, 
f none nonepe"IHoro nepepiay cTpH>KHR nporonn'la. 

3i eaopy 
Q = ifkz 

JJ,iCT86MO 

if ~ ~ = l~~~O =· 18 cm 2
• 

KillbKicTb wpyCi Tpe6a BH6paTH TaK, mo6 BiJJ.CTaHi Mi>K HHMH Ha KPH-
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cax He eeifwnu aaHaJlTO Mani. Ilpo6ya.Mo i = 4, 6, 8. BiADOBiAHO AO 
UhOro JlicTaHeMO TaKi wpy6u : 

i f d 0,25 n di 2 

4 4,5 l1/8" 4,5 cm2 

6 3,0 1" 3,5 cm2 

8 2,3 7
/ 8" 2,7 cm2 

BiciM wpy6 Ami cTpH>KHiB ia npoMipoM 80 mm 6yno 6 aa6araTO. BoHH 
poaMicTHnHCh 6u Ha o6BOAi 130 n i 6ynH (\ BiAAaneHi OAHa BiA OJ1HOY 
TinhKH Ha 130 n: 8 ="-l 50 mm, mo 6yno 6 aaTicHo. LQo6 a6iJibWHTH 
ui eia.cTyna, Tpe6a 6 a6inhWHTH npoMip caMHX KpHc. Konu eaSITH 6 rnpy6 
no 1", To eim~aneHHSI Mi>K HHMH 6yAe B>KP. Kono 140 n: 6 ="-l 73 mm, 
OT>Ke MO>Ke BHCTap"IHTH. Ta Haifninwe apo6HTH pacyHOK i a HhOrO OCTa­
TOlfHO BHpiWHTH, mo apy'iHiwe 88SITH, 'iH 6, 'IH 4 rnpy6H. 

n pH 1< n a A II. Q6qucnHTH nepecyeHy m1acKopiaHy wpy6y AnSJ TSI­
rapy Q = 12000 kg. 3no>KeHe Hanpy>KeHHSI (kz i kd) He noeHHHO nepe­
cTynaTH aa 800 kg/cm2

• 3a KO>KHHH o6opoT Mae Tuap niAHOCHTHCb 
npH6JIH>KHO Ha 25 mm. 

BiADOBiJ1HO AO BHCOTH J108BOneeoro ano>KeHoro Hanpy>KeHHSI npuii­
Ma6MO AJJR poaTSl>KHoro Hanpy>KeHHSI kz = 600 kg/cm2

. ToAi 

d~ n · 600 = 12000, 

aBiAKH di ="-l 50 mm, npoMip CTpH>KHJI. IlpHiiMa6MO Aani: KinhKicTb 06-
BHTOK 3, KBaJ1p8TOBY Hapiah a = 4 mm, a aBiAUH B>Ke BHXOJlHTh BHCOTa 
XO.D.Y h = 3 · 8 = 24 mm. 

BHXOAHTb OT>Ke, mo d = 50 + 2. 4 = 58 mm, dm = 50 + 4 = 
= 54 mm, rm = 27 mm. 

CniBlfllHHHK TepTSI 6epeMo µ = 0, 1. To.D.i aaKpyTHHH MOMeHT 6yAe 

Md = Q . h + 2 n rm µ . r = 12000 . 2,4 + 2 n · 2,7 · 0, l .2 7="-l 

2 n rm - h µ, m 2 n . 2,7 - 2,4 . 0, 1 ' 
="-l 8000 kgcm. 

3BiJ1UH AiCTa6MO Hanpy>KeHHSI 
_ Md _ 8000 

kd - w·p - ---- - 320 kg/cm2
• 

J_. 5a 
5 

flicnSI UbOrO MO>KeMO B>Ke 06'1HCnHTH ano>KeHe Hanpy>KeHHSI 

(j = o,65 . 600 + o,35 v 6002 + 4 . 3202 = 390 + o,35 v-1-69_6_00-= 
= 390 + 0,35 · 877 ="-l 700 kg/cm2 {6eane-1He) (a0 = 1). 

AonycKalO'iH MiH< aaeopo'IKOIO i wpy6oio THCK k = 150 kg Ha 
OJIHH cm2 DOBepxai Hapiai Ta BiABHattHBWH 11epea i KinbKicTb CKpyTiB 
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y HaeopO'ID;i, MaTHMeMO 

i (d2 

n - d12 ~) · 150 = 12000 
4 4 ' 

a6o 
i (26,4 - 19,6) . 150 = 12000, 

8BiJlKH 

i 
12000 

150 . 6,8 = "' 12 cKpyrie. 

3Bi.O.QH BHCOTa HaeopO'IKH 
H =. 12 · 8 = 96 mm "'-> 100 mm. 

Ill. CKnenaKM (HIOTM). 

1. 3 a r a JI b Hi y Bar H. 

SIK 6yno B>Ke CKaaaHO Ha notfaTKY QbOro poa.o.iny, CDOJl)"leHHR 8 .o.o­
DOMOrOIO cKnenaKia Hane>KHn .o.o tfHcna eepoa6ipHHx, r nyxHx. Aoro 
B)l(HBalOTb .11.JISI napoBHX KOTJJiB, ,11,m1 a6ipHHKiB taaiB, BOAH, TO UlO, .II.Jiff 
aaniaHex cnopy.o.. B nepwiM paai cKnenaKoei cnony11eHHS1 ooe11eai 6yTa 
MiQHi it UlinbHi, B ,llpyriM - 1.1.dnbHi, ane He T3K AY>Ke MiQHi, B TpeTiM 
TiJJbKH MiQHi. Haii6iJJbWY eary M3IOTb ,llJljJ Hae CKJJenaKOBi cnony'leHHR 
a napoBHx KOT J1ax, a TOMY ,11,anbwait poar JIRA ix npeTOtfHMO ronoBHHM 
tfHHOM .110 Qboro po.11y cnony11eeb. 

(pHC. 68) 

CKnenaKH po6nRTbCR a Haininuioro TRryqoro 
JIHToro aaniaa, piAtfe ai cnorpieHoro. BoHH MIIOTb 
Ha KiHQSIX rOJIOBKH. Bi6ny 'laCTHHY c cKnenaKa 
(pHC. 68) aeeMO CTPH>KHUl a6o 'lODOM. ro­
JIOBKY a, nepeicHy, mo noBHHHa 6yTH ea CKJ1ena­
KY me AO aaKna~KH iioro B rHia.11.0, aeeMo r y a a -
p e M, a ronoeKy, mo poaKnenn106TbCR .o.onipy nicmr 
aaKna.o.KH cKnenaKa ii yreop106T1:tCff a rial 'l&CTHHH 

'Iona, 11.{0 BHCT36 H3Jl 6JISIXOIO d, aaeMO c K JI i n K 0 IO a6o c n iii K 0 IO 
(Ha pacyHKY QIO fOJIOBKY Bi.O.aHa'leHO 6yKBOIO b). nepe.o. 83KJ13AKOIO CKJIC­
naKH 8BH'laHHO poaniKalOTbCff AO 'lepBOHOro >Kapy. 3aBJlffKH QbOMy, BOHH 
He BTpa'lalOTb BiA aa6HB3HHR ceoai Tsrry'IOCTH, a oxonoBWH CTRryIOTbCSI 
ii CHJlbHO npHTHCK3IOTb 6nsrxy AO 6JJRXH; ueit npHTHCK 1138 oco6naey 
eary .11.JISI napOBHX KOTJJiB, Ae caMe DOTpi6Ha SIKHaii6inbwa minbHicri,. 
KonH CKnenaK Mae aaATO AOBrHit CTpH>KeHb, TO moiiHo ara.o.aHe CTRry­
eaHHR MO>Ke 6yTH TaKe CHJlbHe, mo ei.o.ipeeTbCSI ronOBKa. ~OB>KHHa CKne­
naKOBOro CTpH>KHff He DOBHHHa 6yTH 6iJlbW3 aa 4d. 

B aane>KHOCTi BiA Toro, 'IH cKnenaKH aa6HBalOThCR a nonepe.o.HiM 
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poaniKaHHRM, 'lH 6ea Hboro, poapi>1<HR6Mo A•a cnoco6e aaKneny - r a­
p R 'I uii Ta xo JIOJl HH ii aaKnen. 

)laeHime aa6eeaHHR cKnenaKiB Ta poaKnen Yx npoaa11.unu p y q u HM 
cnoco6oM i eea>1<anH if oro aa ninwaii OA Maw H H o e or o, ane Tenep 
Teep11.o ii OCTaTO'lHO BCTaHOBJieuo B>Ke, mo MaWdHOBHH cnoci6 He Tin&KH 
He ripweu, a uaeirb me ninwuii OA py11uoro. *) 

)lm1 MaWHHOBOro aaKneny B>l<HB8IOTb ri11.paeni'IHHX a6o nHeBM8Tll'l­
HHX MaWHH. Ix TOBKa'I noeetteH TaK AOBro THCHYTH ea CKnenaK, noKa 
Ton ue no11He 11opHiTH. Paniwe JlyManu, mo niA 11ac Mamuuoeoro aa­
Kneny Tpe6a oma11.>1<yeaTH qac, i TOMY CTapaJIHCR ei,11.HiMaTH TOBKa'l aa­
paa >1<e nicm1 Toro, RK eie aa6ueae ronoaKy. CKnenaK aanawaecR caM 
Ha ce6e me poane11eHHM i aaMicTh Toro, mo6 ni.11. 11ac noeii1huoro oxo­
no,11.>1<eHHR cTsrryeaTHCh i CTllCKaTH 6nRxy, caM 0011.aeaecR. SIK mo 0T>1<e 
Maweeoeeii cnoci6 He JJ.aeae TaKoi minhHOCTH, RK py11Huif, To npH'IHHa 
"QhOfO 6yna TinbKH 8 TiM, mo TOBKa'l H8ATO lUBHAKO BiABOJJ.HBCR BiJl 
cKnenaKa, THM 'l~COM RK niA 11ac py11eoro aaKneny ronoeKa poaKnenmo-
6TbCR JJ.OTH, AOKH ue no1topuia. TaKHM po6oM MipoAaiiHHM 'lHHHMKOM 11.m1 
aaKneny a TennocTaH cKnenaKa. 

1..Qo6 nocRrHyTH QinKOM minbHoro cno­
ny11eHHR, y>1<HBa10Tb TaK aeaHax y mi n b H a -
Ki 8 (pee. 69 - m i m ), 6IO'lH no HHX MO­
JIOTKOM y eanpRMi DOKaaaHHX CTpinoK, ce6TO 
niA py6 a an in Ky 6nRxH Ta ni.11. 06ei.11. ca­
Moro cKnenaKa. BiA Qhoro aaninKH Tpoxa 
npacaA>KYIOTbCR, eerop6n1010TbCS1 if npeiiMa-
·toTb cj>opMy, DOKaaaey Ha pucyHKY B a6inb- (pHC. 69) 
weHiM BHrnJJlli KpanKOBaHHMH niHiffMH. flpH-
C3A>l<CHi aaninKH BTHCKalOTbCff rocTpHM Kpa6M y 6m1xy i TaKHM 'lHHOM 
BHTBOplOIOTb DOTpi6ey minbHicTb. PaaoM ia QHM, SIK no6a 'lHMO ,11.ani, 
cnony11eHHR CT36 T3KO>I< MiQHilUHM. 

Konn SIKHHCb wee y napoeiM KOTJii aHaxOJlKTbCR e TaKiM MicQi, 11.e 
HeMa6 BiADOBi~Horo npHCTyny, a6o HeMa SIK npHKJI8CTH yminbHHKa, TO 
wee BHXOAHTb KeDCbKHM. jlJISI npHC8AKH D0Tpi6Ho npHH8HMHi 0,7 cm 
MicQR. CaMo co6010 poayMi6TbCR, mo e THX eunaJJ.Kax, ne ee noTpi6Ha 
tUiJibHiCTb, npacan,>1<yBaHHR 8 88HBOIO pi'l'llO. 

niA HaTHCKOM rocTpHX KiHQiB ymiJibHHKiB cniAHSI 6nS1xa nerKO BH­
Kap6J1106ThCR, a TOMY B OCT8HHi 'l8CH CT8JIH aaoKpyrntoBaTH Ti KiHQi. 

llJHpHHa e aaninKy (pHC. 69) He DOBHHHa 6yTH 6iJiblUa BiA neBHOi, 
AOCBi,llOM ycTaHOBJieeoi BeJIH'lHHH, 60 iHaKwe nin qac 6HTTR yminhHB­
KOM aaninoK TinbKH npy>KHTbCff, aaMiCTb npeca,n>1<yeaTHCSI, ffK DOKaaaHO 

*) Qe aeaimno ceiii eecni1 TBKO>K i e opeoecax llml oapoeHJ. KOTnie, ne Am• 
MBWBHOBOro aa1<neoy A0BB0111i8TLCSI 6paTB Meemeii aaoac 6eaoe'IBOCTB, ce6TO A0-
81011A8n.CR po6BTH CTiHB TO&ml, ei>K ICOllB KOTell CKneomoeTLCA py'IBBM cooco6o•. 
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BIUI~e, i npHTHCKaTHCSI ,[10 cni,[lHbOi 6JIJIXH; a.ue6iJlhWOfO e <5epyn, aae-
6iJiblllKH B 1,5 d. 

Ha pHCYHKax 70-73 noKaaaHO pi>1<Hi cj>opMH fOJIOIOK. 3 HHX aau­
OiJlbWe B>l<HB3IOTh cj>opMH, ,uaHoi Ha p1tc. 71. PHcyHoK 73 noKaays TaK 
aeaay B Hype Hy fOJIOBKy. 

~1fr*m I I l I 
(puc. 70, 71, 72, 73) 

t{ipH niA CKJlenaI<H a6o BHCBepAnlOIOTbCSI, aoo np06HBalOTbCSJ a ,[10-
IlOMOfOIO ei,unoei,[IHHX n po 6 o ii Qi e. OcTaHuiH cnoci6 aHalfHO .ueUJeBWHH 
OA nepworo, ane BiH ripwuu OA HbOfO, OCOOJIHBO KOJIH ,uipH nicnsi npo-
6HTTSJ .uo.uaTKOBO He poaceep11.n1010TbCSJ. Tenep Ha 1<0>1rniH ninwUi cj>a6-
puui napoe11x KOT nie ymaealOTh neprnoro cnocooy; AO Qhoro cnpHlfH­
HR6ThCSI me ii Ta o6cTaeaHa, mo npHnncH Ha oy.uoey napoeHx KoTnie 
A08BOnSllOTb Op3TH MeHlllHM aanac 6eanelfHOCTH .UnR nepworo CUOCOoy, 
AJISI poaceep.umoeaHHSI. 3ri,[IHO a HiMeQbKHMH HOpMaMH, Tpe6a KOHlfe BH­
ceep,UJllOBaTH CKnenaKOBi ,uipH TOJli, KOJIH om1xa MC16 rpy6HHY oinhlllY aa 
2,7 cm i poapaeHe aanpymeHHSJ no-uan 4100 kg-/cm2

• 

PimHi cj>opMH cKnenaKOBHx cnonylfeHh no1<aaaHo Ha pucyuKax 
74-80: 

:: -- , ~ ~ 
- t, . 

r~ 
~~tj -~' ,, . 
~ ,, -

(pee. 74, 75, 76) 

Ha puc. 74 - 38H'1aHHHH 0,[IHOPSIAHHH nepeKpHTHH wee; 
,, 75 - ,11eopS1JlHHH nepeKpHTHH wee ( 6inhw JlOQiJihHO poa1<na,!J,aTH 

CKnenaKH rnaxOBHM nopSI,UKOM, SIK Ha pHC. 76) ; 
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Ha pHC. 77 - TPHPSl.llHHii nepeKpHntii wee; 
,, 78 - O.llHOpSIIIHHH wea, nowHTHH .llBOMa niweaMH; 

,, 79 - .llBOpSIAHHH wee, nownTHH .llBOMa niweaMH; 
,, 80 - TpHpSI.llHHH wee, DOWHTMH .llBOMa niweaMH • 

(pee. 77, 78, 79) 

l.fOTHpOpSl,D;Hi WBH aycTphla­
IOThCSI nHweHh y eenHKHX napo­
BHX KOTnax naponnaeie. 

t<· - - • - - -- - t 11.l ~ t_ij_ - - - . - - - - . - ..., 
I : 

lliBH a ABOMa niwearAH Ha­
BHBa6MO, 8 npOTHne>KHicTh AO weie 
nepeKpHTHX, ABOapiaHHMH, 60 
8 HHX KO>KHHH CKnenaK MO>Ke api­
aaTHCSI e .llBOX nonepe11HHX nno­
mHHax. 

B cnony'feHHi, noJ<aaaHiM Ha 
puc .. 80, niWBH (ariAHO a npHDH­
caMH) DOBHpiayeaHO KpeeynhKOIO; 
ue po6HThCSI .o;nsi Toro, mo6 Kpai 
aaninKiB 6ynH 6nH>K'fi AO cKneoa­
Kie i qepea Te p;aeanHcsr ninwe 
npacaAHTH. Tpe6a aHaTH, mo Ko­
nn BiACTaHh Mi>K CKnenaKaMH ne­
pecTynae eenHlfHHY 8 s, TO 6m1xa 
DiA qac npacan>K}'eaHHSI npy>KHTb­
CR i QinKOM He AOaeonsie AOCSlr­
HYTH .ll06poro yminbHeHHSI. (pee. 80) 
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Fig.39. 

(µuc. 81) 

Ha pHc, 81 noKaaaHo CKJie­
naKose cnonylfeHHSI ]{Box o6H1.fa­
iioK KOTna, caMe Te Micu.e, ]le 
Il08]lOS>KHiH mes CXO,[l,HTbCSI a no­
nepelfHHM. B U.iM Micu.i npoMi>K­
Ha, cepe,[1,HSI nona 6JISIXH IlOSHH­
Ha 6yn1 cnymeHa Ha TOHKO, 60 
iHa1<me >Ka,[l,HHM cnoco6oM He MO­
>KHa ]lOCSTrHyTH 6y.[l.b SIKOi minh­
HOCTH. 

2. 0 6 lJ H c JI e H H H III B i B II a p 0 B II x !~ 0 T .JI i B. 

B ocHosy o6lfHcneHHSI c1<nena1<oeux cnonyqeHb KnanH .o.asHime SH­
I<JIFOl.fHO siAnopHicTh nporu apiay. Byno TaKe nepe1<oaaauS1, mo cuna BiA 
OAHOY nonu 6JIS1XH AO ]lpyroi nepenasTbCSI 1.fepea npunsiraHHSI 601<ie rui­
a,lla AO cKnenaKa. Am AOnipy Bax no1<aaas, mo c1<nena1<u saarani He 
]lOTHKalOTbCSI AO CTiHOK rHia,[l,a, mo BOHH aanOBHfOIOTb ruiaAO nuwe ni]l 
1.faC aaKJia,lly "ix TJ]lH B poane1.feHiM CTaHi, a DOTiM y Mipy aacTuraHHSI 
a6ira10TbCS1 i numaIOTb Mi>K co6010 i rHiSAOM Kpyrosuii npominoK. Bax 
AOBiB, mo c1rnena1<H, Sr<OpOlfYIOlfHCb 0,[I, aacTuraHHSI ii CHJibHO .npHTHCKa­
IOlfH OAHY 6nS1xy AO ~pyroi, Ha,[l,aIOTb cnony1.feHHIO aAi6uocTH poaeHsaTH 
BenHKY CHJIY TepTSI i THM SHSISJISITH SIKHaii6inhwy si.o.nopuiCTb npOTH ne­
pecysaHHSI i mo nepe,[(al.fa CHJIH SiA OAHO"i DOJIH 6JISIXH JJ.O ]lpyroi Si.ll6y­
Ba6TbCSI 6eanocepeAHbO Mi)f( caMHMH nonaMH, a He 'iepea CKJienaKH. 6ax 
DOKaaas, mo am ,[l,Onipy TOJ:d, KOJIH CHJIY TepTR Mi>K nonaMH 6nSIXH ne­
peMO>Ke aeepxasi cuna, cnonylfeHHSI no,[l,aeTbc,:r, 6nsixa nolfHHas cyHyTHCb 
no 6m1ci, a>K IlOKH 60KH rHia.a; He Ha6JIHBSITbCSI ii He ainpyTbCSI Ha CKJie­
naKH. Ta1<e SIBHIJ~e 6yeae, Hanp., s TiM paai, KOJIH B O,[l,HOpSIAHiM nepe­
I<pHTiM wei poaTSI>KHa cuna AOCSlrHe a6o ii nepeii,o;e 1000 .o.o 1800 kg 
Ha KSaJlparosuH: u.eHTHMerep nonepelfHoro nepepiay c1<nena1<a i KOJIH wee 
y~iJibHeHo TiJibKH 0.1tH06iquo10 npuca,[l,KOIO. Konn np11ca.o.nTH mes ia o6ox 
601<ie, TO BiAnopHicTb iioro npOTH nepecysy cTae me 6inbWOIO. Byno C) 
TaKO>K IlOMHJIKOIO JJ.YM3TR, lllO nicJISI Toro, SIK CTiHa rHia.[l.a ainpeTbCSI Ha 
CKJienaK, s OCTaHHiM IlOBCTalOTb BHKnlOlfHO Bi.o;cysHi, apiaosi Hanpy>KeHHSI. 
B ,o;iikHocri ·Haii6inhmi Hanpy>KeHHSI SHKJIHKae B c1<nenaKax rHyTTSI. I Ha­
eiTb nerKO IlOKaaaTH, lllO Haii6inbwi Hanpy>KeHHSI AJISI KO>KHOrO OKpe­
MOrO CKJierraKa B mei BHil3A3fOTl> pi >K Hi, 60 He eci CKJienaKH 0 AH a -
I< 0 B 0 CHJlbHO npHTHCKafOTbCSI JJ.O rniaA nicm1 nepecyey WBa. 

THM TO 061rncneHHR cKnenaKoeoro cnonyqeHHSI npoeaAHTb Bax Ha 
OCHOSi SiAnOpHOCTH rnea npOTH nepecyay. J(e UK> BiAnOpHicTb rrepeMO-
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>KeHo, TaM y>Ke cnonyqeHHSI nepeHanpy>KeHe, minbHicTb nopyweHa, no­
ecTae Te11a. 3 11ecneHHX ,11.ocni,11.ie, nepeee,11.eHHX EaxoM, euxo,11.HTb, mo 
CHJia BillDOpHOCTH npOTH nepecyey aaJie>KHTb OA TeMnepaTypH CKJienaKa, 
BiA llOB>KHHH CTPH>KHSI iioro, ei,11. t:tHcna psr,11.Kie, ei,11. cnoco6y CKJienmo­
eaHHSI Ta BiA npHC3,IJ.KH. ~oaeoneHHH o6TSl>K CI<JlenaKOBOrO cnonyqeHHSI 
MO>Ke CTaHOBHTH JIHWe neBHY 'laCTHHY 1.da"i CHJIH. Qeif o6TSl>K no,11.aHQ 
Ha CTOp. 56 Dill 6yI<BOIO kn, mo oaHaqas KiJibKicTb kg Ha KBa,11.paTOBHH 
nenTHMeTep nonepeqHoro nepepiay cKnenaKa. 

Bu6upa10qff rpy6HHY CKJienaKa, Tpe6a MaTH Ha yeaai, mo BOHa He 
DOBHHHa 6yTH 6iJibWa Bi,11. neBHO°i MipR, Heaane>KHO ei,11. Toro, SIKHH THCK 
Mas eoHa BHTBopt0eaTH. To xn6Ha pit:t - y>Knearn MeHworo qucna 
CKJlenaKiB a SIKHaif6iJibWOIO rpy6HHOIO, 60 Bill IJ,bOro Bi,11.CTYD Mi>K CI<Jie­
naKaMH, TaK aeaHa no Aim< a t, cTas aaHa,IJ.TO seJIHKHM ii YTPYJJ.HI06 
npHC3Jl.KY Ta YllliJibHeHHSI llIBa, a6o H p06HTb '{X U.iJIKOM HeMO>KJIHBHMH. 
fpy6HHa CKJienaKa DOBHHHa CTOSITH B neBHiH aaJie>KHOCTi sin rpy6HHH 
<5JISIXH. i(OKJiaAHi ,llaHi ,llJISI IJ,bOfO MiCTHTb y co6i Ta6JIHUSI Ha CTOp. 56. 
TaM caMe noaatto ii no.11.ini<y t i ,11.eS1Ki iHini BHMipu. 

no,11.iJIKa t IlOBHHHa 6yTH npnHaiiMHi TaK aaseJIHKa,. mo6 apyqHO 
6yno poa1<nenJ110BaTH ronoeKy Ta mo6 6yno Micu.e ,llJIR npuca,11.KH. Haii-
6inbrna eenuqnHa no,11.iJIKH o6Me>Ky6TbCR yMoBaMH npuca,11.KH 6m1xH. 

BenuqHHH d, s i t a cepe,11,uui npa,11.ineHBX AJIH HHX Me>K MO>KYTb 
MiHSITHCSI B aaJJe>KHOCTi ei,11. TaKHX ABOX, KOHeqHHX JlJIR KO>KHOro CKJiena­
KOBoro cnonyqeHHSI BHMOr: 

1. PoaTSl>KHe Hanpy>KeHHSI 6nsrxu y wei Mi>K cKnenaKaMH He no­
BHHHO nepeXOllHTH aa ll08BOJieHe kz. 

2. Ko>KHOMY KeaapaToBoMy ueHTHMeTpoei nonepeqHoro nepepiay 
CKnenaKa DOBHHHa BiADOBi.ztaTH CHJia ei,11,nopHOCTH npOTH nepecyey He 
6inbwa ei,11. ,11.oseoneHoro kn. 

(pee. 82) 

0AHHHqffHH THCK napH p (pi>KHHIJ,R Mi>K ,11.iiicHHM THCKOM napu B ce­
pellHHi KOTna Ta SHa,lleipHiM THCKOM aTMOccj>epH) ea KO>KHiM u.eHTHMeTpi 
JlOB>KHHH KOTJia .o.aa BHCJiiAHY CHJIY Dp. Qsr BHCJiiJJ.Ha HaMara6TbCSI po­
aipBaTH KO>KHe OJJ.HHH'IHe ( aaernupwKH e OJJ.HH u.eHT.) KiJJbU.e KOT na AB 
(puc. 82) 8 JI.BOX SIKHX ue6yJJ.b MiCIJ,ffX, CKa>KiM, 8 A i B, Tai( mo Ha 
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K0>1<He a uux MicQh npuna,11,as nonoeuua Ti, ce6TO ~p kg 6yKBOIO D 

ei,11.aua11a6MO cepe,11,oeHn npoMip KOTna 
PoaTS1>1<Hi uanpy>1<eHHS1 e cyuinhHiH 6nS1ci e MicQi A (a,11,oe>1< Koma) 

i e ocnaoneHiM cKnenaKOBHMH ,11,ipaMH nepepiai B 6y,11,yTL: 
Dp 
2 · l Dp 

(J A = ---;-,- = 2s' (22) 

Dp . t Dp 
2 2 

s (t- d) t - d 
s 

(23) 

ne l 6 ,11,0B>l<HHa KOTna. 
SIK BH,11,Ko a Qhoro, MH npuiiMaeMo, mo BCSI cHna nepe,11,aetbCSI ea 

wee. Ane e ,11,iHceocTi ea wee npena,11.ae MeHwa cHna, 60 qacTHHY "ii 
nepeuMalOTh ea ce6e qepea TepTSI aanim<H IDBa i nepe,11,a10Tb Ti ea ,11,pyry 
nony no-aa IDBOM. 

Bip;noBiAHO ,11,0 BHMOrH nepwoY eanpy>KeHHJI GB ai eaopy (23) no­
BHHHO 6ytH < kz. B KpaiittiM paai, KOnH GB = kz, D.icTaHeMo 

Dp 
2 

k = 
z t - d 

a6o s = Dp 1 
2 . t=-d. "kz• (24) 

. s 

B npHnHcax ea 6y,11,oey napoeux 1<0T Jiie uei eaip no)la6ThCSI B Aemo 
8MiHeHiM BHrJISl,IJ;i, a caMe: aaMiCTh kZI nnpOB3A>KY6TbCSI poapHBHe Ha-

npy>1<eHHSI Kz i cnieqHHHHK 6eaneqHOCTH x, TaK mo kz = Kz; OKpiM 
x 

Toro, AO rpy6HHH s ,11,0,11,36TbCSI me 0, 1 cm, TaK mo OCTaTO'fHO eaip Ha-
6upa6 BHrnSI,11,y 

Dp t x 
s = - · -- · - + 0 I 2 t - d K;z ' • 

(25) 

t{JISI x Tpe6a 6paTH TaKi 'fHCna : 
x 4, 75 ,11,nR nepeKpHtoro a6o a 0,11,HOIO niweo10 pyqttoro wea; 
.t" 4,50 JJ;nSI nepeKpHTOro a6o a OAHOIO niwBOIO M3WHHOBOrO wea; 
x = 4,35 ,11,m1 ,11,eopJ1,11,eoro a ,11,eoMa niweaMH pyqeoro wea, KOJIH 0,11,uy 

niwey npHKnenaeo o,11,eopS1,11.eo; 
x = 4,25 ,11,nS1 pyqeoro wea a ABOMa niweaMH; 
x = 4, 1 ,11,nS1 ,11,eopS1,11,eoro Maw1rnoeoro wea, a p;eoMa niweaMH, KOnH 

oii;ey niwey npHKnenauo o,11,uopS1,11,eo; 
x = 4,0 ,11,JISI M8WHHOBOro wea a ,IJ;BOMa oiwBaMH. 
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SlKmo .aipH He BHCBepAnIOIOTbCSI, a npo6HBalOTbCSI, TO x Tpe6a 
a6iJiblllYBaTH Ha 25°/ •. 

! .'.tp 

IloJJlOR'll\"HIMWeB 

Tlonepr4HHHWeB 

J,2,3.4-K'l.nhll'icJUDp.11.111e, np-nepelfp11m11itwea, nw-wesJABO~a nuu&aMM 

(pac. 83) 

3 JJ,on0Moro10 noAaHoro Ha pee. 83 yKnaAy aHaXOAHMO eiJJ,no&iAHHii 
I( • Dp , . I( • 

AaHoMy .a.ouyTKOBl T wee, no HIM aawyKyeMo a TauJIHUt Ha crop. 56. 

t-d u • • 

eeJIHlfHHY 'P = -t -, a M310'IH AJISI aHaHAeHoro UJBa BlADOBlAHe x Ta AJIR 

J{aeoro MaTepiRny BiADOBiAHe K., BH'IHCJII08MO ai eaopy (25) rpyCSeey 
6nRxH s. BiAraK ia TieY >K ra6nuui aeaxoAHMO d, t i T. A. mcnR Qboro 
Tpe6a me nepecBiA'IHTHCb, 'IH BB6paei BHMipH He cynepe'laTb Apyriii BH­
Moai (moAO CHJIK BiADOpHOCTB npOTH nepecyey), ce6TO lfH kn He nepe­
BHmye DOAaHOi 8 CTOBl.d 2. A08BOJieeoY eeJIH'IHHB. SIKmo npHHHRTH, mo 

6 Dpt u 
cHny, RKa npenaAae Ha t cm AOB>KHHH wea, ce TO 2 , nepeHMalOTb 

Ha ce6e m cKnenaKie, To a piettoeaopy 

D pt>k · !!_d2 m 
2 = n 4 

Dpt 
-2-

kn< (26) 
n d2 4 m 

B O.llHOpRAHiM nepeKpHTiM wei m = 1; 
y wei, noKaaaHiM Ha pHc. 84, m = 4,5 
(aa-AJIR npOCTOTH, 60 eepXHIO niwey 
npHKnenaHo JJHWe ABOPRAHHM weoM). 
SIKmo KpaiiHiii, TiJibKH OJJ.Ho6i'IHO no­
KPHTHii PRJJ.OK CKJienaKiB o6TR>KeHHH CH­
JIOIO kn= 700 kg Ha KO>KHHH KBaApa­
TOBHii ueeTHMeTep nonepe'IHoro nepe­
piay CKJlenaKa, TO AJIR eaopy (24) MO>KHa (pac. 84) 
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eanacaTH 

p D t - _!_ · ~ d2 
• 700 

k < 2 4 
z= 2s(t-d) 

B weax a niweaMH noecTae TepTR e 11.sox nnom.HHax i TOMY Ha 
1 cm2 nonepeqeoro nepepiay CKnenaKa e TaKHX wsax npuna.11,ae 6inhwa 
cuna ei.11,nopeocTH npoTH nepecyey, ei>1< y wsax nepeKpHTHX. Ane aapa­
aoM, RK no1<aaaJJH .11,ocni.11,a Baxa, ea OJJ.HHHUIO nonR CTH'IHHX nnow.ue 
npMxo.11,nThCR B 1.dM paai MeHwa cena. Tpe6a me JJ.OJJ.3TH, mo B weax ia 
niwBaMH Bi.a,na.o.ae Hanpy>KeHHR 6nRXH Bi.O. rHyTTR, mo TaKe Hanpy>1<eHHR 
npoReJU16ThCR nuwe e nepeKpHTHX weax, i qepea Te e npanucax Ha 
6y.o.oey napOBHX KOT niB .o.onycKa6TbCJI JJ.nJI nepWHX WBiB MeHWHH aanac 
6eane11HOCTH x. 3MeHweHHR Qboro aanacy .o.oasonR6ThCJI me ii ToMy, w.o 
aaKpHTi niwBaMH qacTi 6nRxH ee p>1<aBi10Th. TaKBM 'IHHOM, weH a ni­
weaMH JJ.3IOTb MO>KmtBicTh Kpawe BBKOpHCTOByeaTH MaTepiSln, 60 .11,oaeo­
JISllOTh 6paTH TOHWy, Hi>K y nepeKpHTHX weax, 6nSixy. 

l.Qo6 MaTepiHJJ 6nRXH 6yB RKHaiininwe BHKOpHCT3HHH, CTapalOThCSI 
o o " • t-d Ull( U me JJ.ICTaTH ,,CTYDIHL l<OpHCHOCTH B IDBI rp = -,- RKHaHunH>K"IHH .0,0 

OJJ.HHHQi, a ue npHBOJJ.HTb JJ.O MHoropJI.o,Horo wsa. PaaoM ia THM MHoro­
Pff.O.HHH wee .n;oaeomre 1<opHcTyBaTHCJI 6nRxoro TOHworo, Hi>K OJJ.HOpJIJJ.HHH. 
llleH a JJ.BOMa niweaMH BDnHBalOTb Ha CTyniHb l<OpHCHOCTH me ninwe. 

3. B JI 6 i p Ill B a ,[( .TJ JI II a p 0 B H x K 0 T .TI i B. 

I<oT no Ba 6nRxa BHKOpHCTOBY6ThCJI OAHOpJI.11,HHM weoM ripwe, Hi>K 
ABOpRJJ.HBM, a OCTaHHiM ripwe, Hi>K TpHpRJJ.HHM, THM TO I<OTeJJ, CKJJena­
HHH TPHPJID.HHMH weaMH, aJJ,aTeH eH.o,epmaTH 6inLwy KinhKiCTb aTMoc<J>ept 
Hi>K TOH caMHH KOTen, KOJIH CKnenaTH iioro JJ.BOPJI.O.HHMH 'IH OJJ.HOpJI,11,HHMH 
weaMH. Ane, O'leBHAHa pi'I, y nepwiM paai po6oTa BHXOJJ.HTh .o.opo>Kl.fOIO, 
60 TPHPR.O.HHH wee BHMarae 6inhwe npaui, Hi»< o.o.eo- 'IH D.BOpR.O.HHH. 

Tenep cTaJJH npaKTHKyeaTH B napoaux l<OTnax a.11,e6inhworo euco1<i 
Hanpy>KeHHJI i TOMY nepeKpHTi noa.o,OB>KHi WBH B>KHBalOTbCJI we TinhKH 
e 6aTepiHHHX KOT nax, a6o B ropiwHiX KaaaHax MeHWHX 80,llOQieKOBHX 
l<OTniB, a6o HapeuITi B pyXOMHX napOBHKaX (nOKOM06iJIJIX). IlepeKpHTi 
WBH BHri.11,Hiwi .o,nR tfaTepiHHHX KOT niB Mi>K iHWHM TOMy, WO cni.o,Hi Ka­
aaHH "ix o6MHBalOThCJI ai Bcix 601<iB rapff'IHMH taaaMH, a ue npHMYWY6 
B>KH·BaTH RI<HaHTOHWHX WBiB, a JIKHaHMeHWHM o6cRrOM ix, 60 w.o rpy6-
UJHH wee, THM cna6we BiH oxonon.»<y6TbCR KOT noBOIO BOJJ.OIO, THM 6inhllle 
eiH HarpieaeThCR, THM WBH.O.'If, atta'IHTh, neperopae. KonH rpy6HHa 6nRxH 
nepecTynae aa 12 mm (npu6ne>1<Ho)> To 6epyqu aaranoM, 6inhw AO­
uinhHO po6HTH TOJJ.i D08JJ.OB>KHi WBH .11,eopJI.O,HHMH a6o TPHPRJJ.HHMH. I<inb-
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KiCTb pSl,!1.iB y oonepeqHHX, KpyrOBHX, weax 6epeT.,Cff 88Hlf8HHO Ha <?AHH 
pSIA MeHwa, a ne a Tisi npHlfHHH, mo oooepettHi weu 06TS1>KeHi BP.Boe 
cna6we, Him noa,!J.OBil<Hi, ~K ne BHP.KO 8i B8opy 

n 2 

4D p D 
a =--=-_p_ (26a) 

nDs 4s · 

K_oTJIH 8 >Kap~BHMH nieKaMH M8f0Tb 8BH'faHHO eenHKHH npoMip i 
TOMY 1x 008JJ.OBil<Ht weu po6nJ1TLCS1 Maii>1<e BHKnioqHo a oimeaMH. Ue 
aBHttaiiHo BHMaras 6inLwe npani, ane aeS18aHi a l.lHM oepeeeTpaTH 8 ro­
poto Ha,!J.ony)l(flOTbCSI 8aoma,1J.>1<eHHffM MaTepiffny Ta HeOOTpi6HiCTIO BH­
TOHttyeaTH 6m1Xy e Micl.lSIX cnoJlytfeRHff 008,!J.OB>Kttix weie a oooepetI­
HHMH. Kornoei o6Hlf8HKH po6JISITbCSI Teoep 8JJ,e6inLworo 8 OJJ,HOrO BiJJ,pi8y 
6nffXH i CWHBalOTbCSI qepe8 Te O,!J.HHM 6,!J.HHHHM 008,!J.OB>KHiM WBOM, a 
TOMY coonylfeHe a niweaMH 86inbweHHSI npaui ocTaTO'IHO He s eenuKe. 
QSI o6cTaBHHa TaKOil( npOMOBnSl6 aa B>KHB8HHSIM niwoe. 06H'l8HKH a 0,!J.­
HOfO BiJJ.pi8y 6nSIXH MalOTb ,!J.O ce6e Te A06pe, mo ,llalOTb MOil<nHBicTb 
yeHKHYTH ooMimeHHSI weie Ha eorHeBiM Cioni. Bci wen BKna,naIOTbCSI TOAi 
e oapoeiM npocTopi i TaKHM lfHHOM rpy6i Maco aaniaa He oona,!J.aIOTb 
oiJJ. 6e8nocepe,!1.Hii eonne sorHIO, mo WKOAHB 6H ii opau.i, it MiQHOCTi 
KOTna. 

flooepe11Hi WBH KOTJiiB po6nSITbCSI BHKnlOlfHO oepeKpHTHMH, 60, HK 
y>Ke 8f8AYBanocb BHIUe, BOHH MeHwe o6TSl>KeHi, Hi>K 008,!J.OB>KHi. 

1..Qo6 JJ,icTaTH B MHOrOpSl,!1.HiM HOWHTiM WBi SIKHaii6inhlIJY coiBKpaT-

. t- d . .. 6 6 6 HICTh 'P = -t-' a qepea Te 1 RKH8HMeHwy rpy HHY nSIXH, poa HB8IOTb 

KpaiiHi pSIAH wea pi,!1.tfe, Him cepeAoBi, ce6TO 6epyTh JJ.nR HHX 6inhwy 
noAiJIKy. To.ni oepepiaH 6JISIXH e 6JIHil<lfHX AO cepeAHHH PSIAax BHXOARTh 
olfeBHJJ.HO cna6rni, ane. ue MO>KHa 6eane1.fHO ,ll,onycKaTH, 60 1.fepe8 Kpaii­
HiH PRA tfaCTHHa ninoi'. CHnH nepe,!1.86TbCSI Ha nirney, a BiA Hei Ha 11pyry 
nony 6nSIXH, i TOMY JJ;pyrnii pSIA He T3K CHJibHO 06TS1il<emdi, RK KpaifHiH. 

5JK oyJio Bil<e 888HalfeHO, 6iJiblll8 DOJJ;iJIKa KpaiiHiX pSl,!1.KiB BHMara6 
XBHJiffCT0°i BHpi8KH niWBH. ~06 o6iHTHCSI Oea l.lhOfO ,ll,Opororo BHpiay-

. 6' . t-d eaHHSI 1 aapaaoM a IJlblllHTH RKO Mora CTYDIHh KOpHCHOCTH 'P = -t -,.,IJ;a-

IOTb sy>K1.fy aHa,neipHto nirney, TaK mo 06e,11ea Kpaiitti pR.QH wea BHXO­
llSITh no-aa HeIO. PaaoM ia UHM yminhHIOIOTb {npecaA>KYIOTb) nerne n10 
OP.HY nirney Ta 3Ha,QBipHi rOJIOBKH CKJienaKiB. l.faco.M i B JJ,BOpff,!1.HiM WBi 
B>KHB3f0Th He OJJ.HaKOBO WHpOKKX oiwoe. 
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CKna,Qeei BaxoM eeMipe ii iewi 

CToaoeu.1i. 1 
I 

2 3 4 ,____ 

I .lloeaoneaeii CTyolet:. 
06TR>K kn 

I 

npoaip KOpe-
PiA waa 

e kg ea cm1 eKneoa11:a 

I 
eROCTe 

oooepe111eoro a cm t-d 
oepepiay d I <p=--

I eKneoaKa I t 
I i I 

! 

I 
Ilepe•paTi wu (oAeoapieei): I 

1. O,QBOpRABi (pee. 74) . . .. 600-'700 ~/ 5 S-0.4 0,60 

I 

2. ,[lBOpH.QBi (pee. 75) . 550--650 V5 S-0,4 
I 

0,'72 

1,1 I 
3. ,QBOpSl.QBi (pee. 76) . i 550-65() ~/55-0,4 0,'72 

•I 

I 

I 
I 

4. TPBPAAHi (pee. 77) . 
I 

50-0-WO ~/5 S-- 0,4 0,76 

I 
I 

Wea a ABOMB oiweaMe 
(ABOBpiael): 

1. O,QBOPAABi (pee. 78) 1000-1200 V5S-o:; 0,'70 

I 

2. ABOPHABi (pee. 79) . 950-1150 V5;-o,h 0,7? 

I 
I 

3. TPHPHAHi (pee. 80) 900-1100 V'5~--0'.? 0.86 

I 
~ I 
I ! 
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B e JI B 11 B B B A JI A w B i 8 D a p 0 B B J: J( 0 T JI i B. 

5 6 7 8 

I OoAiJ1Ka 
lllepeea f py6eea Haopy>KeBBR e cyu,iJ11t-

e cm eaoiJ11cy oiwae elii 6J1ACi e kg/cm1 

t e cm e cm 
<1,,, 

t1 s1 

·- - - - -

I ~di ~di 
4 700 !___ 2d + 0,8 - - 600 -- AO 
st st 

~di ~ d• 

2,6d + 1,0 
4 650 !__ 0,8 t - 550 -- At> 
st st 
2 -

2 

I ~ d· !_ d· 

2,6d + 1,5 
4 650 !____ 0,6 t - 550 -- no 
st st 
2 -

2 

I !_di !_di 

3d + 2,2 0,5 t -
I 

500 !___ no 600 !____ 
s f sf 

3 ·3-

I I ~di ~ dZ 
I 5 2 

I 
4 4 

2,6d + 1,0 0,9e Bs-3s 1000 - AO 1200 -
I st st 

I 

5 
!_ d· ~ d1 

3,5 d + 1,5 0,5 t 
2 

950 -
4 

- AD 1150 -
4 

-8s-3s s t st 
·2 2 

I 

~ (/! ~ d· 

6d + 2,0 3/s t 
4 4 

0,8 s 900 - no 1100 -
st st 

I 
5 5 
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n p H K n a A I. 061fHCnKTH lllBH ii rpy6HHY 6nRXH MR napoeoro 
Koma a npoMipoM D = 1200 mm i THCKOM p = 10 atm. MaTepiRn 6nR­
xu - nHTe aaniao a poapHBHHM Hanpy>1<eHHS1M Kz = 3600 kg/cm2

• no­
SAOB>1<Hi lllBH MalOTh 6yTH nepeKpHTi ii po6HTHCR MalllHHOBHM cnoco6oM. 

t{nR nepeKpHTHX MallJHHOBHX lllBiB, ari]J.HO a npHDHCaMH Ha 6yp;oey 
napoBHX KOTniB, 6epeMO x = 4,50. 51Kmo npHHHRTH ]J,nSI noa]J.OB>l<Hix 
meie ABa pRAH cKnenaKie, poaTamoeaHHX e maxoeiM nopSJAKY, TO 

t-d 
m=--=072 a TOMY 7' t , , 

_ D px _ 120· 10·4,5 _ _ 
s - 2 q> Kz + 0,1 - 2.6)2 .3600 + 0,1 - ~ 1,2 cm - 12 mm. 

3ri,t\HO a HOpMaMH Ha CTOp •. 56, AicTa6MO 

d= V 5-1,2- 0,4 =~20mm, t = 2,6d + 15=67mm, 
. 67 - 20 

BBIAU.H qi= 67 =0,70 (TpOXH aaMano). 

Ha AOB>l<HHY noJJ.inKH t = 67 mm npHXOAHThCSI cuna 

Q= D P~ 6' 7 =4020 kg. 

n 22 

Usi cHna npuna,o.aa Ha p;ea nepepiao CKnena1de a noneM 2. 4 = 6,28 cm. 

3BiAU.H BHXO]J,HTb, mo 
4020 ~ 

kn= 
6

,28 = 640 kg/cm~ 

(DOBHHHO 6yYH B Me>1<ax 550 - 650). Ilonepet.tHi lllBH p06HMO O]J.HOpSIA­
HHMH: 

48 -- 20 
t=2d+0,8=48 mm; qJ1 = 

48 
=~0,59. 

n p u Kn a A IL 06t.tHCJIHTH mea u rpy6nHy 6nRxH napoeoro KOTJia 
a npoMipoM D = 2400 mm i THCI<OM p = I 0 atm. MaTepiSln 6JISIXH -
nHTe aaniao a poapHBHHM Hanpy>1<eHHS1M K z = 4000 kg/cm 2

• 

Tpe6a BHpilllHTH, SIKOfO caMe llJBa MO>l<Ha B AaHiM paai B>l<HTH : 
1) ABOpSIAHOro nepeKpHToro, 2) TPHPSIAHOro nepeKpHToro, 3) ,11.eopS1AHOro, 
DOlllHTOfO D,BOMa nilllB3MH, 4) TP,HPSIAHOfO, IlOlllHTOfO ABOMa nimBaMH. 
Tlpo6y6MO aa nopSIAKOM. 

240-10-4 5 
1) x = 4,50, qJ = 0, 72, s = 

2
. 
0 72

. 
4000 

+ 0, 1 = ~ 20 mm, 
' 
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nd2 

d=f5s-0,4=~21 mm, 4=5,7 cm2
, 

85-27 
t = 2,6·27 + 15 = 85 mm, cp = 

85 
= 0,68 (aaMano). 

Ha JJ.OB>l<HHY oµ,Hoi noJJ,inKH npenaJJ.a6 poaTS1>1<Ha cuna 

Q = 240. ~o. 8,5 = 10200 kg. 

U" cuna npnxOJJ.HTbCSI Ha .o.ea nepepiau CKnenaKie, a TOMY 

10200 
kn= 2.57 =~900 kg/cm2 (aaHaJJ,TO 6araTO, DOBHHHO 6yTH 550-650). , 
Uboro wea He M0>1<Ha B>KHTH. 

240· 10·45 
2) x = 4,50, cp = 0,76, s = 2 .0,76 .4000 + 0,1=~19 mm, 

- nd2 

d= V 5s-0,4= ~26 mm, 4 =5,3 cm2
, 

100-26 
t = 3d+22=100 mm, cp = --

10
0-= 0,74 (Tpoxe aaMano). 

Q = 240· ;0· 10 = 12~00 kg. 

Ha JJ.OB>l<HHi o.o.Ho'i no.o.im<H npuxoµ,HTbCR TPH cKnenaKH, a TOMY 

12000 q 

kn= 3·5,3 =760 kg/cm- (aa6araTO, DOBHHHO 6yTH 500- 600). 

Qboro wea T3K0)1( He MO>KHa B>KHTH. 

240·10·4 
3) x =4,00, cp=0,77, s= 2 . 0177 . 4000 +0,1=~11 mm, 

nd2 

d=V~-0,4=23 mm, 4 =4,15 cm2
, t=3,Sd+15=95 mm, 

cp = ~ 0,75 (aaMano ), 

Q = 240 ·~5 · 10 - 11400 kg. 

Ha JJ.Oe>1<uuy o,o.no'i noJJ.inKH npunaµ,aa JJ.Ba cKnenaKH, 0T>1<e 

- 11400 - 2 kn -
2

. 
4 15 

- 1370 kg/cm (JJ.onycKa6ThCR 950- 1150). 
' 
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0T>Ke ii Uboro mea He MO>KHa B>KHTH. 

240·10·4 
4) x= 4,00, cp = 0,86, s = 2.0,

86
.4000 + 0,1=N15 mm, 

- nd2 

d=V5·s-0,4=20 mm, 4 =3,14 cm 2
, 

140- 20 
t=6d+20= 140 mm, 'P= ~o-=0,85, 

Q = 240·~0· 14 = 16800 kg. 

SIK BHAKO 8 pHCYHKY 80, na AOB>KHHi OAH0°i DOAiJIKH DpllXOAHTLCSI 
mtTh cKnenaKiB, a TOMY 

_ 16800 - 2 kn -
5

.
314 

- 1070 kg/cm (AonycKa&TbCff 900-1100). , 
Qeii mee rOAHTbCR. 

4. 0 K ~'Tl e II JI IO Ba. H H JI 3 B H 1-I a. :tt H H X 6 JI JI III a. H H X 

3 6 i pH HK i B, 3 a JI i 3 H H X C II 0 p y ,ZJ;, T 0 III; 0. 

Anst a6ipHHKie Ha BoAy, taae, noeiTpst i T. iH., mo 6yeaIOTb 06TJ1-
>1<eHi HeBeJJHlfKHM cepeAOBHM THCKOM, Y>KHB8IOTb BBHlfaiino OJJ;HOPRAHHX 
nepeKpHTHX meie. npo rpy6HHY 6i1stxH pimaa TYT He TaK cepeAOBHii 
THCK, ffK p>KaBiHHff Ta aµ,i6HicTb AO nepeeoay. SIKIUO TaKHH 36ipHHK MaG 
ne ,llOCllTJ. rpy6i CTiHH, TO XOlf 611 BOHH ii BH,11.ep>KyBaJIH µ,o6pe cepeAO­
BHH THCK, a niA qac nepeeoay lfH eaarani RKoro He6yAh nepeMimenHR 
a6ipHHK MO>Ke DOHiBelfHTHCb, ce6TO nornyTHCff Ta DOBHDYlfYBaTHCff niA 
BDJIHBOM caMHX TiJJbKH aeepxnix, qacTO BMD3JJ;KOBHX CHJJ . 

.l(nR o6qecnenHR npoMipy cKJJenaKa µ,ae Eax TaKHii saipeub: 

d = V5S - 0,4 cm, (27) 
JJ,e s, rpy6HHa 6JlffXH, 6epeTbCR B cm. 

noAiJJKa 
t=3d+0,5 cm. (28) 

SIK DOKaaye AOCBiA, 611Rxa, TOHWa Bill 5 mm, He µ,a6TbCff JJ.06pe 
npucaAHTH, i TOMY minbHOCTH ~ocsrraIOTh TYT piK<HHMH npocTinKaMH • 
.l(JJR UbOro B>KHBalOTb nopTHHHH (rpy6oro DOJIOTHa), a6o npOCOlfeHol 
OJIHBOIO 6i6ynH, OAHO ii µ,pyre a MaHiHKOBOIO aaMaaKOIO, a6o nacoM HH­
TOK, aaaµ,aHHX Ti6IO )I( MaHiHKOIO, i T. iH. 
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KnenaHi cnonylfeHHff e aaniaHHX cnopyAax po6JiffTbCff TaK caMo, RK 
i B napoBHX KOTJiax, ane npHC3AKa WBiB TYT uenoTpi6ua. npoMip CI<ne­
naKiB 061fHCJII06TbCR TaKO>K ai eaopy (27), a Ti6IO OAHOIO YMOBOIO, mo 
e paai pyquoro CKJien.1110BaHHff npoMip cKnenaKa He noenHeH 6yTH 6inh­
wuii BiJl 2,6 cm. ~OJlO eeJIH'IHHH DOJliJIKH t, TO TYT MO>KHa eincTynaTH 
Bi.ll npHHHSITHX AJiff napOBHX KOTJiiB HOpM, ane Bee >K TaKH Tpe6a .. DHJlb­
HyBaTH, mo6 t 6yno 6inbwe aa 2,5 d i Meuwe BiA 7,5 d. Qina rpy6nHa 
CKnenaHHX AO KYOH ·lfaCTHH DOBHHHa 6yTH < 4 d. 

SlKmo aaniaHa cnopyAa Mas npal.\t0BaTH niA 06TS1>1<eM MiHnHBHx can, 
TO Tpe6a 'ii CKnenJIIOB3TH XOJIO]J.HHMH CKJienaKaMH a TpOXH 6inbWHMH 
npoMipaMH, Hi>K caMi rniaAa, i aaraHSITH niA CHJibHHMH yAapaMH MOJIOTKa. 
TaKHH cnoci6 cKnenn10eaHHS1 BHKJIIOttaa BCSIKY MO>KJIHBicTb o6oninbHoro 
nepecyey cnonylfeHHX lf3CTHH, 60 aarHaHi TaK XOJIOAHi CKJienaKH B)f(e 
BiApasy npunS1ra10Tb a He-a6H-SIKHM uaTHCKOM JlO cTiu cnoTx rHia,u. B)f(H­
BaTH e JlaHiM paai rapSl'loro cnoco6y cKnennt0eaHHS1 ue cniA, 60 cuna 
Tepu, BHKJIHKaHa BKOpO'leHHSIM CKJienaKiB, ue 6 l.\iJIKOM Ha.tdiiua pi'I, 
pas cHnH MiHRIOTb ceHi uanpffM. AocHTb, mo6 aeepxuiii o6TSl)f( nepeMir 
cuny TepTSI, SIK aapaa >Ke nottuuasTbCSI nepecye cnonyqeuux qacruu, 60 
aa6HTi B poanelfeHiM CTaHi CKnenaKH He BHOOBHIOIOTb ceoix rHiaJl. y cniA 
aa l.\HM llOBCTalOTb yAapH, mo ii JlOnpoBaA>KYIOTb cnonylfeHHSI ,ll.0 l.\iJJKO­
BHTOro SHHLUeHtrn. 
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P03Aln TPETIA. 

BA.,TIM, BirYHM 1t JIOif~HCbh'.A. 

B c Ty n. 06opoToeHii (KonoeopoTaHii, KOJIOBHH, KpyroeHii) pyx Tina 
BiA6yea6ThCff aaecirAH H3AOKOJia JIKOiCb oci. l.Qo6 a6epirTH DOJIO>KeHHSI 
oci Ta aa6eane'IHTH Ti BiA nepeMimeHb, Tpe6a npHHaHMHi B ABOX MiCUSIX 
npHAep>KyBaTH ii, ce6TO BiCh (1IH ean) DOBHHHa Jie>KaTH moHaii:MeHwe Ha 
ABOX niAnopax - JIO>KHCbKax (eaJibHHUSIX). Ti qacTi oci (qa eany), 
IUO Jie>t<aTb B JIO>KHCbKax, Ha8HBa6MO 6 i r y Ha M H. 

Y3BICOK i lllt-ti1Ka 
I I -----iif---- j I a 

06TH'.>K 

TinTa 

(pee. 85-87) 

Mi>K JIO>KHCbKOM i 6iryHOM 
Aia aaecirAH neeaa cana THCKy. 
BiADOBiAHO AO TOrO, lfH THCK ueii 
Mae HanpRM oci 6iryHa, 'lH iiAe 
CTOp'I AO ae'i, poapi>t<HSl6MO ABa 
pOAH 6iryHiB : q 0 JI 0 B i Ta n 0 D e­
p e 'I Hi. Kom1 nonepe11HHH 6iryH 
aHaXOAHThCSI Ha Kiani eany 'IH oci, 
cetho Ha yaeicci, TO eaaHBa6MO 
HOfO yaeiCKOM; KOJIH AeCh 00-
cepeAHHi. TO - w H ii K 0 IO. SIKmo 
Ha Kiani eany 8H3XOAHTbCSI lfOJIO­
BHH 6irya, TO aeeMo ii:oro n sr Toro; 
'IOJIOBHH 6iryH Ha cepeAHiH '18CTi 

eany CKJiaAa6TbCR aaecirAH a o60AKiB, a TOMY HaaHB36MO iioro 6 i r y -
HOM-o6iA'laKOM, a6o npOCTO o6iA'laKO.M. ]lHB: pacyHKH 85-87. 

I. 6iryHM. 

I. 3 a r a JI I> Hi y Bar H. 

0611acneHHSI 6iryHiB npOB8llHMO Ha OCHOBi TaKHX TpbOX aacall : Ha­
caM-nepeA BHMipa 6iryHiB Tperia TaK A06HpaTH, mo6 aa6eane11HTH 'i• 
lliJIKOBHTY MiUHiCTb (aBH'laHHO 6epeMO Ha yeary eanpy>KeHHR BiA rHyTTSI 
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if Kpy11eHHJ1); ,llaJii Bi,ll THX caMHX BHMipie aaJie>l<HTb, mo6 0,llHHHlfHHii 
THCK MDK JIO>l<HCbKOM Ta 6iryHOM He 6ye Ha,llTO eeJIHKHH, mo6 caMHH 
6iryH nepen11acHo He BHTepcff, He ay>1<Hecsi; HapelDTi Tpe6a Ma TH Ha 
yeaai, mo BiA BHMipie 6iryea aane>1<HTb Harpie iioro ei,ll TepTff, a TOMY 
Ti BHMipH IlOBHHHi 6yTH TaK ,lli6paHi, mo6 if oro Harpie He 6ye Ha!(TO 
BeJIHKHH, Ta mo6 6iryH 6ye a,llaTHKH ,llOCHTb WBHAKO Bi,llJJ;aBaTH CB06 
TeOJIO. 

Qi BHMOrH - I) aa6eane11eHHSI MiQHOCTH, 2) aa6eane11eHHSI Bi,ll aHocy, 
3) aa6eane11eHHJ1 ei!(,lla11i Tenna - He aane>1<aTb O,llHa BiA O,llHo"i i TOMY 
poar JISJHeMo ix KO>l<HY aoKpeMa. 

Tpe6a c1<aaaTH, mo aeu11aiiHo 0611ocJIJOJOTb 6iryuu, no11nHa1011H a APY·­
roi, a He a neplUOi BHMOrH, ce6TO Bi,llpaay niJ{6HpalOTb BHMipH a TaKHM 
poapaxyHKOM, mo6 O,llHHHlfHHH THCK Mi>I< 6iryHOM Ta JIO>l<HCbKOM He ne­
pexO,llHB aa SIKYCb neeHy Me>1<y. 3,lle6iJiblDOro 60 6yeae TaK, mo KOJIH 
neeHi BHMipH aa6eane11y10Tb 6iryH O,ll BRTepTJI, TO Ti caMi BHMipH ae6ea­
ne11y10Tb iioMy ii MiQHicTb. SIKmo >K po6HTH HaenaKH i cnepllly o6lfHC­
.nnu Ha rHyTTSI, TO Ay>1<e qacTo 0611HCJieHi TaKHM cnoco6oM 6iryHH BH­
XO,llJITb aaMani AJISI Toro, mo6 ,llOrO,llHTH ,llpyriii BHMOai. 

~06 TepTSI Mi>K 6iryHOM Ta JIO>l<HCbKOM i aaJie>l<HHH Oll Toro Harpie 
ix 6ye SJKHanMeHlDHH, Tpe6a cTapaTHCb, mo6 noeepxHi ix 6ynH rna­
lleHbKi i A06pe aMaayeanHcb. A MaaaTH Qi noeepxHi Tpe6a TOMy, mo 
OJIHBa lfH SIKeCb iHllle Maaaeo, nona,llalOlfH Mi>R 6iryHOM Ta JIO>l<HCbKOM, 
ei.n;oKpeMJIIOIOTb ix 0,llHO ei,n; O,llHOro, i TO,lli TepTSI Bi,ll6yea6TbCSI He Mi>I< 
MeraneBHMH noeepxHSJMH, a Mi>1< 1:1acTKaMH caMoro MaaHea: ue >1< TepTSI 
3HalfHO MeHwe Bi,ll nepllloro. 0,n;Halfe, 06lfHCJIIOIOlfH BHMipH 6iryHiB Ha 
TepTSI, 6epeMO Ha yeary T3KH TepTSI Mi>K TBep,llHMH Ti11aMH i paxy6MO, 
mo eeJIHlfHHa iioro piBHOKpaTHa a THCKOM; po6HMO TaK a O,llHOrO 6oKy 
JlJiff Toro, mo6 MaTH 6inblDHH aanac 6eane11HOCTH, a a Apyroro qepea 
Te, mo HaM 6paKy6 ,llOKJia,llHilDHX, ,llOCJii,llaMH CTBep,11.>KeHHX aaKOHiB TepTSI. 

Po6oTa TepTSI lDKiAJIHBa He TiJibKH THM, mo BHKJIHKa6 HarpiB 6iry11a 
Ta JIO>l<HCbK3, BOHa HHmHTb aapaaoM i noeepxHi ix. Tpe6a OT>Ke CTapa­
THCb, mo6 Qe HHmeHHSI 6y no SIKHaiiMeHlUe i mo6 THM caMHM Bi,llDOBiAHiii 
-taCTHHi MaWHHH aa6eanelfHTH SIKHaH,llOBWY CJ1y>1<6y. Qboro ,n;ocsrra6MO 
rna,n;KicTJO noeepxHi Ta A06pHM MaaaHHRM ii. 

2. T e p T SI 6 i r y H i B. 

a 0 SITH (pHC. 88, 89, 90). 
SIKmo ei,llaaa11HTH 11epea 

p kg THCK Ha nsrTy, 
d F cm2 none 6eaK0He11eo MaJio'i 11acTKH noeepxHi nSJTH, 
y cm ei,1ui;a11eHHS1 Tisi 11acTKH ei,o; oci mtTH ( oci o6opoTy), 
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p kg/cm 2 
- OAHHH'lHHii CTOp'lOBHH THCK Mi>K DHTOIO Ta nO>KHCbKOM y 

Me*ax nonH d F, 
'P KYT Mi>K sicc10 DHTH Ta cTop'IOBHHOIO AO d F, 
co KYTOBY CKOpiCTb ORTH, ce6To o6BOAOBY CKOpicTb TOtfKH, 

UlO aHaXOAHTbCH Ha BiACTaHi 1 cm BiA oci ORTH, 
µ, - cniB'lHHHHK TepTR, 
TO MO Me HT CHJJH TepTSI Ha DRTi 6y.ite 

M=µ,J pdF·y kgcm, (29) 

a po6oTa TepTR Ha nponrni ce1<yHAH 

A = ro M = µ, co J p d F · y kgcm. (30) 

I..Qo6 MO>KHa 6yno nepeeecTH aaaHa'leHe a QHX 
eaopax iHTerpyeaHHSI, Tpe6a aHaTH, SIK aane>1<HT1> 
p BiA y, ce6TO aa RKHM aaKOHOM poa6HBa6TbCR no 
CTH'lHiii noeepxHi 6iryHOBHH THCK. A mo Ma6MO 
npo Qe Mano AOKnall,HHX ei,o,OMOCTeH, TO ii npH­
XO.D;HTbCR po6HTH neeHi npanymeHHR. Aocei.u; 1<a}l(e, 
mo B HOBHX 6iryeax THCK poa6aeaaTbcR no no­
aepxHi iHWH.M cnoco6oM, Hi>K y cTapax, y>1<aeaHnx, 
i mo caMe 8 OCT8HHiX .MOMeHT CHnH TepTR .MeH-

. i WHH, Hi>K y HOBHX, HK lllO Bci iuwi YMOBH npaQi 
j O,D;HaKOBi. QqeBH.D;Ha pitt, mo Qe aMeHWeHHSI MO-

(pac. 88) MeHTY DOBCTa6 He Bi,ll aMenweHHSI cniB'lHHHHKa Tep-
Tff, a ei.u; iHworo poano.u;iny THCKY Mi>K nRTOIO Ta 

nO>l<HCbKOM. 
llloAO cnoco6y, RI< caMe poa6neaeTbCSI TllCK Ha noeepxHi 6iryHa~ 

To npaiiMalOTb AnH HOBHX nSIT aa1<0H Ba ii c 6 ax a. Qeii aa1<0H Ka}l(e, nto 
p 6 eenHtfHHa CTaJJa, ce6TO OJ.(HHHtfHHH THCK p B KO>KHiM MiC­
Qi DOBepxHi ORTH 6 0.D;HaKOBHH i piBHH6TbCR a qacTKOIO Bi.U. 
noJdny cana P Ha none Me Ty onopHo"i noeepxHi nHTH Ha 
nnOUlHHy, CTOp'IOBY AO HanpHMKY CHJIH (ace Qe rOll,HTbCSI Ta­
KO>K i .D;JISI nonepe'lHHX 6iryuie). t(nH DHT, UlO B>Ke CSynH B pyci 

ii npHTepnHCR, npHiiMalOTb aaKOH p 8 ii e (Reye): p = c cos 'P, .u;e 
y 

c 08Ha'la6 CTaJIHH cniBlfHHHHK ; ari)lHO a QHM aaKOHOM, qacT-
., KH nnolllHH ia KYTOM 'P = 0° aaaHalOTb HaMinbUIOro THCKY. 

(pac. 89) a 11acTKH a KYTOM 'P = 90° - aaiiMeHUioro, ce6To Hh11<oro. 

ffo>1<Ha HOBa DSITa aa KOpOTKHH nopiBHIOIO'IH qac npHTH­
pa6TLCH, i TOMY nuwe aa1<0H Peiie .Mae AJJH Hae npaKTHlfHY eary. Ta 
Tpe6a CK888TH, mo sci 0611acneHHSI TepTR 6iryHiB MalOTb OAHY cninbHY 
xu6y: BOHH rpyHTYIOTbCSI Ha eenpaBHJILHiM aaKOHi TepTR. 
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3oKpeMa Ami nJiaCKOi ORTH (pHC. 89) M86MO: 

- p *) 
p-2nry' 

1 
M = 2" µ, · P r, **) 

1 
A= co M='i"µ, co Pr. 

(31) 

(32) 

(33) 

3ri,IJ,HO ai eaopoM (31 ), THCK p a6iJibWY8TbCSI B Mipy aa6n11>1<eHHff 
AO cepe.o.eae, Ae ei.o.noeiAHO AO y = 0 cue 6eaKoHe'IHO eenHKHM. B HO­
eax OSITax poaoo,11,in THCKy, RK 6yno B)l(e cKaaaao, eeoa,11,ae pi1eoMip­
HHi. Te JIBame, mo B npHTepTHX 6iryeax THCK a6iJibWY6TbCSI AO cepe­
AHHH, MO)l(H8 asrcyeaTH T3KHM po60M: 6JIH>l<'li AO o6BOAY '13CTi ooeepxHi 
MalOTb niA qac pyxy CKOpiCTb 6inhwy, Hi>K 'laCTi, ,[(aJibWi Bi.a; 06eo,11,y i 
6JIK)l('li JJ.O oci, a TOMY BOHH ii 6inbwe CTHpalOTbCff Ta SHOWYIOTbCff; 
B Mipy )I( a6iJibWeHHff aaocy B HanpSIMi AO KpaYB ORTH, apOCT86 B opo­
THJie)l(HiM HaopsrMi, ce6To AO cepeAHHH, 0,11,HHH'fHHii THCK. Qqeea,11.ea pi'I, 
mo B AiHCHOCTi HiKOJIH He MO>Ke DOBCT3TH 6eaKOHelfHO eenHKHii THCK, 60 
me aa,11.oero ,11,0 Qboro MoMeHTY ai,11,oopHicTb MaTepisiny 6yAe oepeMo)l(eHa 
H HaCTaHe poaTHCK HOrO, a6o 60KOBHH poacffr. npoTe BCe )I( T8I<H TBCK 
oocepe,IJ,HHi MO)l(e CTaTH Ha CTiJibKH aHa'lHHM, mo BHTBCHe M88HBO i oce­
pe,IJ,KOBa qacTHHa nSITH KPYTHTHMeThCR cyxa, a)I( noKH ee eicncR B no­
)l(HCbKO. 

II.to6 aaoo6irTH QbOMy, po6JIRTb, RK OOKaaaeo Ha pHC. 90, ce6TO 
BH6epal0Tb cepe,[(HHY ORTH, BHCBepAJIIOIOlfH "ii, i caMe TBM ycyBalOTb aaii-
6iJiblll TBCHeHi qacTi ooeepxHi. PaaoM ia QHM JJ.icTalOTh MO)l(JIHBiCTb 
nerKo oiABOAHTH Maaueo ii JJ.OQinhitiwe BHKOpHcTOeyeaTH iioro. Maa1> 

*) B ABHIM paai Ami 1<0>1<eol TOllKH ooopeoi ooeepxei DSITB cos <p = 1, a TOMY 

oicJ1S1 BBl<Oey Pde p = £. TecK, w.o opBXOABTbCA ea 6eaKoee11eo eyab1rnii oep­
Y 

cTieb ooopeol ooeepxei, 6yAe £. 2ny. dy = 2 n C dy, n.e y oaea11ae opoMiei. oep­
Y 

cesr, a dy - mepaey iioro. Iererpyio11a u.eii TBCK · ea u.ine none ooeepxei, AiCTB-
r 

eeMo cony P, ce6To 2 n CJ dy = 2 n C,. = P, a6o 2 n r y p = P, aeiAI<B p = 
0 

p 
= 2 n r y" 

r r r 

**) M = i' f pd r . y = µf ~· . 2" y . dy . y =I' . 2 n Cf y dy = 
0 0 0 

~ p l 
= µ . 2 nC. - = ,u n p y r 2 = f' ;r y r 2 

• ,-- = - µ P r. 
2 2nry 2 
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ynpoeaA>KYIOTb a-ni.o; cepe,aHHH, i. piB'lHKaMH, nopo6neHHMH Ha onoparn 
noeepxHi nSITH, soaa poaxo.o;HTbCSI no eciu uiH noeepxai ii .o;oxo.aHTb 11.0 

caMoro o6BOJlY Ti. Ili.o;MaaKa H3Bi,Q.BOpiTb, ce6TO Bi,ll Kpaie 
P ~o cepe.o;HHH, 6yna 6 He MO>KnHea, 60 ei.o;ocepe,11.HS1 cHna 

(puc. 90> 

BiAraHSIJia 6 OJIHBY Haaa}l, He Jl310'fH Yii TeKTH AO cepe,11.H­
HH. TiJibKH mo onucaHy lj>opMy noBHHHa Ma1'H KO>KHa m1-
Ta, mo npautae 6ea ynuHy .o;oerBMH 11acaMH. 

AnSI uux DSIT no.o;aHi BHlne eaopu Ha6Hpal0Tb TaKoro 
BHrJISIAY: 

- p *) 
p- 2.n-(r

2
-r

1
)y' 

- 1 +- ) **) M - 2 fl P (r2 - r 1 , 

l 
A = M ro = 2 µ P ro ( r 2 + r 1 ). 

(34) 

(35) 

(36) 

LU caMi eaopH ro.o;nbCSI if AnSI o6iA"laCTHX oiryHie. 
b) lliHHKH ii yaBiCKH. 
t{nSI npocTOro yasicKy Ha niACTaei aaKOHY Peifa aHaXOAHMO ai eao­

pie (29) Ta (30): 
2P 

p = .n- r l cos p, ***) (37) 

l'J. l'2 

f (r 1
1
_r1

1
) *•) M = µ . 2 .n- C y dy = µ. 2 .n- C 

2 
~ = µ .n- p y (r1

2 
- r/) = 

p ( 1 • ') - 1 p ( + ) = ft n • . y r 1 - 1 1 - - µ r 1 r 1 • 

~ .n- ("z - r1) .)' 2 

***) B naeiM paai y (y eaopi p = C cos 'P) e 1:1e11ettaHa cnna y = r, OT>Ke 
y 

p = £cos rp. none 6esKoHe'4HO TOH1<ol CMY>KKB ooeepxei weiKa ea einxeni KyTa 
r 

r:p (pee. 91) e r d <p • l, ne l - noe>1<eaa WRHKB. Cena TPCKY ea u,ii cMy>Ku,i 

£ cos <p d <p • l r = C l co5 <p d <p; ein6otteea uiei CHJIB e eaopsiMi, pieao6i>KBiM ,. 
AO P, 6yne Cl cos1 <p d <p. npoiHTerpyeaewe U,IO CBJIY B Me>Kax Bill <p = 0 AO 

:rr: 

2 

'I'= ~ i n0Meo11<uew• Ha 2, AiCT&BeMo cony P, ce6To 2 C I f cos' 'I' d 'I' = 

= Cl .n- = P, a6o ~1!.._ = P, aeiAKB p = ..3.__!_ cos <p. 
0 

2 2 cos 'P n,. t 
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4 
M = 11 µ, p ,. ' *) (38) 

4 
A = M co = - µ, P r m. 

n 
(39) 

3ri.a;ao a pieHoeaopoM (37) p = 2 
pl Am• cp = 0, ceeiro p AOCsrras 

nr 
ttaii6inhworo aHa'liaasr'; Am• cp = 90° rucK p = O - Mae aanMeawe aHa­
~iHHSI. 

3 piBHOBaopy (37) BHXOD,HTb, ~o sci TO'IKH KO>KHOl 80KpeMa no-
3.[lOB)l(HbOl niHii (reopqo"f) noeepxHi OSITH aHaXOASITbCff DiA O,ll.HaKOBHM 
racr<oM. Ane a i1iHcHocri Qe ae e raK. AocniAH **) noKaaana, ~o THCK 
He poa1rnaAa6TbCff pieHoMipao no JJ.OB>KHHi 6iryea, a cna.a;ae AO KiHQiB 
iforo (a6o AO KpaYB nO>KHCbKOBOi MaTOlfHHH), cnepwy OOMan9', a JJ.ani 
AOCHTb WBHAKO. Onpitt Toro noKaaanocsr, ~o MicQe eaH:6inbworo THCKY 
nepecyeaerbCSI BiA ara.a;aHoi rin1>KH mo cepeAHHH e HanpS1Mi pyxy 6i­
ryua. 06a.a;ea Qi SIBH[.Qa BHKnHK8IOTb neBHe a6iJibWeHHff MaKCHM8JlbHOro 
THCKy. 

npo 6iryHH iHWOi <j>OpMH, ffK OT Kf nSICTi, CTi>l<KOBi i T. iH., mo 
piJJ.'le aycrpi'laJOTbCR, He 6yo.eMo ryr roeopuru ttepea 6paK MiCQSI. ~0.11.0 
KynbKOBHX JIO>l(HCbK, TO rpe6a aaysa>KHTH, mo B OCTaHHi 'laCH BOHH ece 
6inbwe OOWHplOIOTbCSI, a Qe a Ti6"i npHlfHHft, mo 8 HHX po6ora TepTSI 
aHa'IHO MeHwa, Hi>1< y JIO)f(HCbKax Koeay'IHX. 

3. 0 6 l:l H c JI e H H JI 6 i r y H i B. 

a) 3 e H 'I a H: H i n o n e p e 'I H i 6 i -
·r y H H (pHC. 91). 

SIKmo kb oaHa'las AOaeoneHe ea­
·npy>1<eHHSI MarepiS1ny 6iryHa ei.a; rnyr­
Tff, a. k - .a;oaeoneHHH THCK Ha 0,11.ff­
HHQIO nonff noeepxHi, TO YMOBOIO MiQ­
HOCTH diryHa 6 

2 2 

(pee. 91) 

*) M = 2 I' f p . d F . y = 2 •" f ~ cos p . l r d p . r = 
:n: 0 0 

2 

= 2,u C lrf cos rp d <p .= 2 µ,Cl r = 2 µ. l r. __!___!___ = 2 µ,I r2 . ~ = _4_ µ.pr. 
cos <p n r l n 

0 

**) Aaa. AOCni.Qft Beauchamp Tower, Engineer 1884, Apyre niepi'l'lA, CTOp. 434. 
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p l = 1l d' . kb "" d3 k 
2 32 10 b' 

a yMoeoio J(Oaeoneeoro OJlHHBlfHoro THCKY 

p =kl d. 

BaKnto'IHBlllH a o6ox pieHaHh P, AiCTaHeMo aeS1aoK Mi>K l Ta d 

1 -V0,2kb d- -k-. 

TyT kb ee6HpaeMo BiADOBiJlHO AO cnoco6y 06TS1>1<y c. *) 

(4G) 

(41) 

(42) 

BH6ip OJlHHHtteoro THCKY ea noeepxero 6iryea aane>KHTh OJl MaTe­
piuy o6ox CTHlfHHX Tin - 6iryaa Ta no>KHCbKOBOi M8TO'IHHH; Bi,ltT8K 
0,11. o6BOAOBOY CKOpOCTH, JJ,ani BiA MaSHBa i eapelllTi BiA Toro, SIK Jl0-
Kn8AHO · 6irya apo6neao. ~JISI 6iryeie, mo· npauroIOTb no JlOBro 6ea 
ynuHy, MO>KHa 8 HOpManhHHX yMoeax npaui 6paTR TaKi aea'liHHSI k: 

AJUI aarap1oeaeoi THrneeoi cTani no TaKiii caMiii c1ani . . 150 kg/cm2, 

,, aarap1oeaHoY THrneeoi cTani no reiJJ,oMiAHui 90 ,, 
eeaarap1oeaaoi THr neeoY c1ani no reiAOMiAHui 60 ,, 
nnToro i cnorpieaoro aaniaa a rnaAKOIO, minhHOIO no-
eepxeero no rei,11.oMiJlHui . . . . . . . . 40 ,, 
qaeyea no reiJ(oMiAHui . . . . . . . . . 30 

,, nHToro 'lH cnorpieeoro aaniaa no noKOBOMY n.epesi 
a BOJ(SIHHM niJ(MaSOM . • . . . . . . . 25 

~nsi 6iryeie, mo o6epTaIOThCSI Ay>Ke noMany, a6o a nepepeaMH, 
a6o KOJIBB8IOThCSil (6iryHH 8 KOBaaeustx), ui aHa'liHHSI a6inhWYIOTh y 
ABa-TpH paau. 

noll,aHi TinbI<H ,mo lfHCna ll,nSI k 6 cepeAHiMH aenHlfHH3MR. BiJlHO­
BiJlHO AO o6craeue, ix MO>KHa a6inhwyeaTH ii aMeewyearH. EiryHH eir­
pSIHHUh i KOBaaeuie HOpManhHHX napoBHX MaWHH, apo6neei a JIHTO°i 
CTani, MO>KHa, eanp., o6TSI>KyearH OJ(HHH'JHHM THCKOM y 60-70 kg i 
BiADOBiJlHO y 75-80 kg, SIKmo BOHH npaQIOIOTb y M3TO'IHH3.X ia rHiAO­
MiAHUi. THM lfacoM .a.nsi WHHOK noriHHHX eanie napoeHx Mawue; a poa­
roHHtta~H, eenHttHHa k piJlKO KOnH nepeeuwya 16 kg. 

Tpe6a naMS1raTH, · mo k a ee.QHicHa, xott i aaranhHO B>KHBaHa ce­
peimsi eenHtrnna, i mo eaii6inbwHii THCK no-cepeAHHi 6iryHa nepeeHwya 
UIO cepeAHIO eenHlfHHY npHH3HMHi 8Jl806. 

~JISI JIH1il<OBaHHX (wni<j>oeaHHX) 6iryeie 6epyTh 8H3'1HO 6iJlbWe k . 
. Qe p06HThCSI Ha THf DiJlCTaBi, mo Ha JIH'IKyBanbHiH MaUIHHi MO>KHa Jly>f<e 
JlOKna.a.Ho o6po6JJSITH 6iryea. I<onH aa KOJIHWHix cnoco6ie o6pi6KH Tpe6a 

*) lfoM<He 008AOB\KB8 BOnOKBO- 6iryea DiA '18C Kpyropyxy opau,I06 DIA MiHnB­
BHM o6rsn<eM, TO p03TSlryJOtfBCb, TO CTBCKBIO'IHCb AO O,QBBKOBOJ Mipu. 
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6yno paxyeaTHCR a THM, mo cnepwy TiJJbKH qacTHHa 6irytta npaIVOs, 
TO Tenep MO)l(H8 B>Ke npHHMaTH, mo 6iry11 npHJJSlraa AO JIO>KHCbKa ei,11.­
paay no 1dniii ceoiii AOB>KHHi. 

BiryttaM, mo npau1010Th no AOBro 6ea ynHHY i MO>KfTh ,qepea Te 
CHJJbHO ttarpieaTHCb, Tpe6a aa-AJJSI aa6eaneqeaHR ix 0,11. Harpiey ,11.aeaTH 
TaKy AOB>KHHY /, mo6 

l > Pwn, a6o n ~ w ~, *) (43) 

.11.e n e KiJJhKiCTb o6oporie Ha Mieyry, P - c e p e AH iii THCK Ha 6iryH 
8 kg (ei,11.nopHicTb npOTH rHyTTR Ta OAHHH'IHHH THCK 06'1HCJJI06MO a Ha ii-
6 in b mo r o THCKY) Ta w - -1acno, easrTe a ,11.ocBiAY· ll.lo MeHme TepTR 
i lUO ninme BiABOAHTbCSI Tenno, TO 6iJJbllle w Tpe6a 6paTH. ,ltm1 eiTpR­
HH'IHHX 6iryHiB 'IHCJIO w 6epyTb y Me>Kax 0,11. 40.000 AO 90.000 i p,ani, 
60 ui 6iryHH, SIK DOKaaye caMa ix Haaea, CHJlbHe OXOJJOA>I<YIOTbCSI no­
eiTpSIM. ,ltJJSI 6iryHiB noriHHHX eanie ia poarOHH'laMH i KOJJiH'l8CTHX ea­
nie 6epyTh Tenep w = 15.000 AO 40.000 i 6inhme. ,l(nsr napoeoais ea-
6HpaIOTb ,11.aneKO BHUli 'IHCJJa, 60 ix 6iryHH Ha.II.TO CHJlbHO OXOJJOA>l<YfOTbCSI 
DOBiTpSIM. 11.\0.11.0 6iryHiB, mo KpyTRTbCSI a nepepeaMH, TO a 'IHCJJaMH w 
p;nsr HHX DOCTynaIOTb TaK caMO, SIK i a 1.fHCJJaMH k (.IJ.HB. BHlUe ). 

nopSIAOK 06'1HCJ1eHHSI BHMipie 6iryea T8KHH: cnepmy a piBH8HHSI 

(42) ooqHCJif06Mo cnieKpaTb ~, eip,TaK ia pieHaHHSI (41) npoMip d, a 

paaoM ia THM i l. Oicnsr LtbOro Tpe6a nepesipHTHCb, 1.fH ,11.06yTi BHMipH 
He cynepeqaTb piBH3HHIO ( 43). 51KlUO TaK, 'CO BiADOBiAHHM 1.fHHOM Tpe6a 
a6iJiblllHTH l i nicnSI L{bOfO nepeo6'1HCJIHTH d a tpiBHaHb ( 40) i ( 41 ). 

b) K i n b q a c T a n sr T a (puc. 90). 

Bi,11.aHalfHBWH qepea d2 aHa,11.eipaiH, a 1.fepea d1 cepellOBHH npoMip 
IlSITH i DOMHH810lfH aMeHmeHHSI onopHOI noeepxHi BiJJ. M83HHX piB'IHKiB, 
mo ,11.ocS1raa 10- 20 °lo, AicTaHeMo 

*) l.{boro eaipu,SI ecTaaoeee Bax. Po6oTa Tep1S1 Ha opOTSIBi ce1<yHnu: A = 
_ M _ 4 f::.> _ 4 p (, /1:. • )• _n dn - cu - - µ r w - -- µ, v z, - Oueo.a;oea CKOplCTb , v - -- cm, a TOMY 

n n 60 
_ 4 -_, ndn_µ,Pdn . 

.-l - - ,u r . -- - --' po6oTa TepTSI, UlO upeXOJlHTbCR Ha 1 cm? orropHO"i 
~ 60 15 

. 
6

. 
6 

, uPdu />n µ . Pn 15.--11 8
. 

DOBepXHl iryea, y.a;e _,l = -' -- = - . ' 8Bllll<B - = -- . IA8H8'1HB-
15 d l l 15 l .'' 

WH eenB'IBHY 1-~~:?.1 Llepea w > 15 • Al ' MBTHMCMO 
,u - ,,, 

......_ Pn (j l'- l'n ·w--
1
-,ao ~7(."· 



(44) 

(45) 

TyT BenHttHHa k BH6Hpa6TbCSI BiAilOBi,[J.HO JJ.O CKaaaeoro Ha CTOp. 68. 
Y eaopi ( 45) P aeoey oaeattae c e p e A H i If THCK,. n - ttHcno o6opoTiB 
Ha MiHyTy Ta w - 'IHCno, BBSITe a JJ.OCBiAy; B JJ,aHiM paai BOHO He no­
BHHHO 6yTH BHl.Ue BiA 40.000. Qeii paxyHOK rO,tJ.HTbCSI name TO]li, I<OnH 
HaAOKona nffTH, Ha ii 601<0Biii noeepxHi, »<a.o.Horo TepTR HeMae. AnR nsiT 
BHpJlHQb (Typ6iH). npHiiMalOTb w = 100.000, a6o ii 6inbWe. 

Bee moiieo c1<aaaee ro,t1.HTbCS1 TaKO>K i Anff noBHHX mn. An){ HHX 
Tpe6a nHwe noKnacTH d1 = 0. 

06iAttaCTHX 6iryHiB, a noaeMOIO ttH AOBeMOIO BicCJO, a.o.e6inbworo 
crapaJOTbCSI yHHKaTH, 60 B HHX TPYAHO AOCffrHyTH pieHOMipHoi npau,i 
ecix 060,u.KiB Ta 1<encb1<0 si,u.so,u.HTbCR Tenno. Ane nopytt ia seHttaHHHMH 
DSITaMH o6iAttaKH THM ninwi, mo BOHH MO>l<YTb npaQJOB3TH ii DiJJ. nepe­
MiHHO-Bi.U.BOpOTHHM HanpRMOM con (MaWHHH naponnasie, cnHM8KOBi no­
roHH ni.QHOCHHKie ). ,&nH BOARHHX eupneu,b Tenep soeciM He B>l<HBaJOTb 
o6iJJ,ttacTHX 6iryeie. 3 or nsr,,.y Ha cKaaaHe e11w,e~ Anff k i w 6epyTb nHwe 
uonoBHHY THX 'IHCen, mo IlOAaHi Ha CTOp. 68 Ta 69. ll.lo 6inbwe o6oA­
KiB, TO MeHwe 6epeTbCR w. npoMip 6iryHa o6ttHCnJO~Tb Ha niACTaei aa­
KOHi B MiQHOCTH. 

11. Oci ra eamt. 

Mi>I< Bi cc IO Ta Ban 0 M 6 Ta pi»<HHQSI, WO Bicb cny>1<HTh BAe6inb­
woro aa niAnOpHe aHapRAll.ff H npaQJ06 niA rHyttHM 06TS1>1<eM, THM tJacoM 
SIK npuattatJeHHR eany - nepeAaBaTH 1<onoeop0Te11H: pyx - aa1<pyrei 
MOMeHTH. Bi.o.noeiAHO .o.o Qboro o6TR»< eany cKna,11a6TbCS1 a rHyTTSI ii 
1<pyqeHHS1. Ane e AiiicHocTi HiKonH He M0>1<Ha 6ee aacTepe>1<eHHR npoee­
CTH TaKy pi>1<HHQ10, i roMy TRMKH "Hieb" i ,,ean" AY>l<C qacTo Miwa­
JOThCff. 3 Qi61 npHtJHHH B .uanbllllM BHKJI8Ai He 6yAeMO po6HTH >1<311.HOi 
pi>l<HHQi Mi>I< BicCIO Ta eanoM. 

Bi.o.aHa 'IMO Yepea 

Mb kgcm 
Md kgcm 
kb, kd kg/cm 2 

d cm 
d1 , d2 qn 
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- rHytJHii MOMeHT, 
- aaKpyTHHH MOMeHT, 

.o.oaBOJieHi Hanpy>1<eHHff ei.o. rHyTrn ii KpytteHHff, 
npoMip cyu.inbHoro eany, 
npoMipu cepeAOBHH Ta aHa.o.eipttiii AyTOro eany, 



N - KiJJhKiCTb KOHeH (KiHCbKHX enpaBHOCTeit}, nepe,o.aeaHMX 
BaJJOM, 

n - KiJlbKicTh ~ o6opoTiB Ha .. MiHYTY. 

1. r 0 JI 0 B H H :0: 0 6 T JUI\ - r H y TT J.I. 

B ui• paai npoMip cyuiJJbHO"i oci 06"IHcn10eMo ai eaopy 

Mb= ; 2 d3,kb =:""-' 1~ d3 
kb, 

npo•ip AYTOi oci ai eaopy'. 

(46) 

(47) 

'iepea Te, 1UO HaOpSIMOK CHJI MiHSl6TbCSI a,o.e6iJJhlllOrO UiJIKOM, TO kb tpe6a 
6paTH ei,o.noei,o.Ho ,o.o cnoco6y c. 

2. r 0JI0BHII1:t 0 6 T J.I m - K p y ll e H H 5!. 

B uiM paai npoMip cyuiJ11>Horo eany o6"1HCJJIOIOTJ. ai eaopy 

n 3 1 3 
Md= 16 d kd = ""-' 5 d kd, (48) 

npoMip ,o.yToro eany ai eaopy 

(49) 

BenH'IHHY 6eane11Horo Hanpy>1<eHHS1 kd BH6upasMo ei,o.noei.nHo AO Toro, 
'iH aaKpyTHHH MOMeHT Md Mae CTane aHa"liHHH, 'iH BiH MiHS16TbCff Mi>K 
HyneM i SIKHMOCh Haii6iJiblllHM aHa'iiHHSIM, 'iH HapemTi MiW. Hai1MeHWl!M, 
Bi,0.6MHHM aHa'liHHSIM j Haii6inhlllHM ,o.o,o.aTHiM, ce6TO SU<HH caMe 3 TphOX 
cnoco6ie a, b, c MaGMo. 

KoJJH eeJJH'IHHa aa1<pyTHOro MoMeHTY Md MiHH6TbCff Ta}(, mo npu 
uiM MO>l<Ha cno,o.iBaTHCff y,o.apie, TO BH6Hp3JO"IH kd, Tpe6a Ha ue 88( p­
HYTH oco6JJHBY yeary. 

51KlUO ,o.aHo ae Md, a 1dnh1<icTb 1<0Heii N, mo ix Mae nepe,o.aea1u 
ean, Ta KiJibKicTh n o6opoTiB eany Ha MiHyTy, TO ai eaopy ( 48), nicnff 
ei,o.noei,o.eoro nepeTeopeHHff iioro, ,o.icras.Mo 
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3 

d = v-3-6-0.-0-00 ___ N_cm. *) 
kd n 

(50) 

npHTO'IYIO'iH ueii eaip AO 06'1HCJICHHR rpy6HHH eany poara11y>1<HHQi 
(rpaHCMicil), UiJIKOM He 6epyTb Ha yeary rHy'IHX CHJI OA BJlaCHOi earH 
Ta Harffry nacie, THM '13COM RK JIOKJlaAHHH paxyHOK BHMaras po6HTH 
TaK, SIK DOKaaaHO .11.ani niA L\HclJpolO 3. Ane B ,ll8HiM paai, xriBWH nepe­
BeCTH AOKnaAHe 0611Hc11eeesr, HareKaeMOCh a.a.e6inhworo Ha TY nepe­
wKo.a.y, ~o He aHa&Mo Hanepe,ll, RK caMe 6y.a.yrb aa6ari OKpeMi nacoei 
Koneca ra RKi aMiHH e uiM 6y.a.yrh po6HTHCR noriM, a 6iroM qacy, a 
TOMY 'lacro He MO)l(e 6yn1 HaBiTb i MOBH npo Te, mo6 AOKJ18,IJ.HO aea­
)l(HTH rHylfHH o6TR)I( poaraJ1y)l(HHL\i. 1..Qo6 see )I( TaKH XO'! npH6JIH)l(H0 
ouiHHTH Ti eanpy)l(eHHR, mo ix BHKJIHKae e poarany)l(HHL\i rayru, ra 
ei.a.noei.11.ao AO roro a6inblllHTH rpy6HHY Ti, 6epyrh Meawe kd. SIKmo 
88JITH, aanp., kd = 120 kg/cm2

, TO .11.icraHeMO aaraJlbHO B>l<HBaHHH ,llJIR 
HOpMaJlbHHX poarany)l(HHUb, ia 8BHlfaHHOrO BaJlbUOBaHoro Marepisrny, 
Baip: 

d=V3000-~ cm. (51) 

Qqeeu.11.tta pill, mo ei.11.cratti Mi>t< no)l(HCbKaMH .a.nsr 06t:1Hc11etto'i ra­
KHM cnoco6oM poarany)l(HHUi He MO>l<YTb 6yrH ,IJ.OBiJlbHi. Bepy11H cepell,Hi 
YMOBH, MO)l(Ha ,IJ.JIJI o6lfHCJieHHSI UHX ei.a.craaeii KOpncryeaTHCR TaKHM 
yaopoM Baxa : 

l < 100 fd cm. (52) 

KonH 06rsr>1< eany nepee11~ye cepe.11.Hi aopMH, a6o KOJIH nepe.11.6alfa6ThCH, 
~o aro.11.oM eia 6y.11.e a6i11hwea11ii, ro rpe6a saa.11.aneri,11,b eaRTH AO pa­
xyHKY MeHUli ei.11.craHi Mi>t< JIO)l(HCbKaMH. llnSI raKHX BHna.11.Kie paAHTb 
Eax 6paru 

3 

l < 110 fd cm. (53) 

Pv 
•) LI.en e~ipeu,b AicT86MO Ha DiACTaei SBABKY l\i = 751 Ae p 0888'186 ceny' 

n dcm 11 n 
a v c1<opicTb H m RB ce1<yRAY (v = 60.to0 m/sec). fJ r =Md= 15 d3 kd, sei,11-

77 n n d n 1 n 1 d3 n 
KB P = 8 d2 kd ; TOMY IV= B dz kd . 60. lOO. 75 = 3600000 . kd . Basrewe aa- LlllR 

a 

DpOCTOTH n-2 = 10, MBTHMeMO .\" = __!!_8-.!_~, 3BiAKH d = lr 3600~_ . ~-. 
360000 I kd ti 
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SlKmo ean Mae 6yTH o6Tff>t<eHHH oco6JIHBO Tff)((KBMH nacOBHMH KO­
JJecaMH, JJY'IHBKaMH, TOll\O, mo MO>K}'Tb BHKJJHKaTH 'IHMaJJi Hanpy>KeHHR 
em rHyTTR, TO 06'1HCJJeHHR HOrO Tpe6a npoaa,a.HTH CDOC060M, ,lJ.3HHM ni,11 
~Hcl»polO 3. 51Kmo )(( Mipo,a.aiiHHM 'IHHHHKOM BHCTynae 8MiHODOCTaTb B8Jly, 
(KYT nepeKocy 'IH BrHyTTJI iioro), TO Tpe6a 06'1HCnRTH TaK, ffK DOKaaawo 
ni.11. u.nct>polO 4. 

3. rnyTT.H :t:t Rpy'-IeHH.H. 

t,tnR U,bOro BHnaiu<y B TeopiJ MiUHOCTH MaTephlJJiB BHBOAllTbCR Ta­
KHH eaip: 

ano>1<eae aanpy>t<eHHff = 0,35 tJ + 0,65 V <I
2 + 4 («0 7:)2

, 

.11.e '1 oauaqae cTopqoee nanpy>t<eHHR BiA rHyTTR, -r ei,a.cyene nanpy>KeHHSI 
kb 

Bill Kpy'leHHR, "o = 1,3 kd. 

.. . Mb Md . 
Bnpoea,[J,HBWH e u,ea ea1p a= d'/ Ta -r = ds,, AICTaneMo, °'o 

10 /s 

ano>1<eue Hanpy>t<eHHR = -~~ [o,35 Mb+ 0,65 VM:+ («0 Md)2
]. 

Qe Hanpy>t<eHHR DOBHHHO 6yrn He 6iJibWC ei,a. ,IJ.OSBOJieuoro kb, ce6TO 

:~·kb~ 0,35 Mb+ 0,65 V M: + (0:0 Md)2
• (54) 

3Bi,a.u,H H 06"1HCJII06MO d. 

4. 3M i H 0 II 0 c Ta Tb (Ry T II e p e i; 0 c y, 111' H ,\·TT ~[) -

Mi p 0 ,lJ; a it H HM 1-J H H H Il K 0 M. 

a) I{ y T n e p e Koc y (nanp., e MicTKOBHX >1<ypaenRx). KyT nepe­
Kocy ,j ua KO>l<HY O,lJ.HHHU,IO lJ.OB>l<HHH eany aHaXO,llHMO ai Blopy 

0 _ 32 . Md P (55) 
- 1'{. d4 , 

,a.e /3 oauatta6 cniettHHHHK ei,a.cyey. 
3BH'laHHO npniiMa6TbCR, WO Ha KO>l<HHH .M.erep ,IJ,OB>l<HHH eany 1<yr 

nepeKocy He DOBHHeH 6yrn 6inbWHH BiJl 1
/ _. 

0 
; BiJlDOBiJJ.HO .a.o TaKoY YMOBH, 

a ocTaHnhoro eaopy aHan.11.eMo 
t r- ,.-

d = 12} ~ cm, a6o d = 0,734 V Md cm. (56) 
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b) B r H y T T JI. 

l<ona ean yrHHHTbCR no-eaA neeHy Mipy, TO itoro 6iryHH nepeKo­
wy10TbCJ1 ii 3aTHCK8IOTbCJI B no>KHCbK8X. Qeii aaTHCK BHKnHK86 8 OAHOro 
6oKy Harpia 6iryHiB i no>KHCbK, a a Apyroro - BiAaHHff OAHHX y Apyri. 
SlKe caMe srHyTTR MO>KHa eea>1<aTH aa 6eane11He, TPYAHO cKaaaTH aaa­
rani. Qe naTaHHR Tpe6a poaesrayea TH aoKpeMa AnJI 1<0>1<Horo AaHoro BH­
na,D,Ky, lliADOBiAHO AO o6cTaBHH; Ype6a OAH31( CKaaaTH, mo nm• sanie, 
BiJJbHO nono>KeHHX CBOiMH KiHURMH Ha ninnopH, AODYCKalOTb SBlllfaHHO 
He 6inbwe ereyTTff, RK 1 

/ s mm Ha OAHH Me1ep AOB>KHHH eany. 

5. E 0 H c T p y K :a; i SI 0 c e tt i B a JI i B. 

KinbKicTL o6opoTiB eanie poarany>KHHUb 6yeaa pi>1rna, e aane>KHo­
cTi BiA npHaHa'leHHff poarany>KHHL(i. /lJlff ronOBHHX eanie USI KinbKicTb 
MiHR6TbCff B Me>Kax OA 80 AO 220 o6opoTiB, Aliff Cii'IHHX - AOXOAHTh 
,10 300 i 6inbwe, a B poaraJif>KHHURX AJIR TeCJIO-CTOJIRpCbI<HX MaWHH 
CRrae ii AO 400. 

1..Qo6 aa6eane11HTH ean poarany>KHHui eiA noaAOB>l<Hboro nepecyey, 
Tpe6a o6MHCnHTH iioro .npHHaHMHi AllOMa c Ta H 0 8 HM H Ki JI bu ff M H 
a Koay11oro aaniaa, RI<mo aeH11aiiHo HeMa noaaTottyeaaax 6iryeie, mo 
MO>KfTb caMi BHKoHyeaTH TY ponro. HaaeaHi Kinhl.\ff npHMimyroTb a,1J,e-
6inLworo a o6ox 601<ie OAHOro a JIO>KHCbK. 

B AOBrHx eanax Tpe6a 6paTH Ha yeary BHAOB>KeHHR ei,11. Tenna i 
l<OMneacyeaTH u.e BH,llOB)l(eHHff BiADOBiAHHMM JI y q H HK a Mu. 

3aa'IHHX TPYAHOllliB aaeAaa 0611ac11eHHS1 Ko n·i R­
q a c T H x eanie (puc. 92), y>1<Heaaux y aapoeux Ma­
WHHax, taaoeHx roHr<ax, Tomo. Konn yRBHTH co6i, 
mo c1rna noroaa11a Aia Ha WHHKY KOJiiHa cTop11 AO 
01101..Q,HHH pucyHKy, TO nerKO apoayMiTH, l.Q,0 B nepe­
piai a 6yAe rayTTR ii 1<py11eHHS1 i TaKe caMe B nepe.­
piai b. lfepea Te, mo niee paMeHo KoniHa Mae nepe-
naeaTH nani BCIO CHJIY' BOHO oco6JIHBO CHJlbHO 06-
Tff)l(ette rHyTTffM ; B nepepiai c M86.MO TaKO>K rHYTTSI 

(pac. 92) if Kpyqe~HSI, T8K ca~o i B nepepiai d. B neeepi~i e 
HeMa aHt rHyTTSI, am KpylfeHHR, a TOMY ueH 6irya 

MO>~e 6yrH TOHWHH, SJK d. Ane a ornstny Ha .TexHilfHi Heapy11aocri po6 .. 
JlffTb 'ix OAHaKOBHMM. HaH6iJibllli Hanpy)l(eHHSI Mat0Th: waiiKa e ceoiM 
cepeAHiM nepepiai, npaee paMeuo - e nepepiai 1-iM, niee paMeHo -
e nepepiai 2-iM. SlKmo paMeHa apo6neHo OAHaKoei, a u.e aAe6inhworo 
TaK i po6HTbCSI, TO nepepia 2. BHXOAHTb 6iJibWe o6TSl>KeHHH, Hi>K nepe­
pia 1. 
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061:1ucnio10'1H KOJiiH'laCTHH san, Haiininwe HapHcysaTH iioro cnepwy 
npB6Jlll>KHO, Ha OKO, i DiApaxyeaTH, JIKi caMe Hanpy>r<eHHJI DOBCTanH 6 
y HiM BiAnoBiAHO AO eaAaHHx iioMy npo6Hex BHMipie. SIKmo ui Hanpy­
>KeHHSI BHXOJVITb H3ATO BenHKi, TO Tpe6a JIHWeHb y Bi~noeiJJ,Hiii Mipi 
a()inbWHTH BH6paHi BHMipH. 

n p B K JI a JJ. I. Oli'IHCJIHTH BHMipH 6iryaa eiTpJIHHui, o6TJI>KeHoro 
Haii6iJibWHM THCKOM p = 12.000 kg, JIKIUO kb< 600 kg/cm2 Ta k < 75 
kg/cm2

• 

3 AODOMOrOJO eaopy ( 42) JJ.iCT86MO 

_!_ = V o,2.600 = V1,6 = 1,26. 
d 75 

A11e AOB>KHHa eiTpsieH'IHoro 6iryHa noeHHHa 6yTu JII<O Mora MeHwa, 60 
aBR'IRHHO JJ,nR Hboro A86TbCJI JJ.OCHTb o6Me>r<eHHH npocTip y aanpsiMi oci; 

TBM TO Ha npaKTHld 6epyTb BAeliiJiblllOrO ~ BiJJ. 1 JJ.O 1, 15. TaKHM 'IH­

HOM ia AODOMOrOJO eaopy ( 42) npHXOJJ,HTbCR 06'1HCJIJOBaTH eiTpJIHH'IHi 

6iryHH JIHWeHb TO,ld, I<OJIH cniBKp8THiCTb ~ BHDaJJ,36 8 Me>r<ax OA 1 JJ.O 

l 
1,15. B HaWiM BHD8JJ.l<Y Tpe()a OT>Ke BBRTH d = 1,15. nicnR UbOrO ai 

eaopy (41) AicraHeMo 

12.000 = 1,15·75 d2
, aBiAKH d2 = 140 cm2 i d = 11,8 cm="" 120 mm; 

Aani 12.000 = 12·75·/, aeiAKH l = 13,3 cm ="' 135 mm. 

nepeeipKa rHy'IOrO Hanpy>KeHHJI ll86 : 

12.000.
1
;•

5 
= 

1
1
0

.123 ·kb; kb= 469 kg/cm 2 < 600. 

n pH K JI a A II. BiTpSIHH'IHHH 6iryH po6HT& Ha MiHYTY n = 120 o<io­
poTie. CHna aaii6inbrnoro THCKY Pmax = 15.000 kg i cepeJJ.HbOro THCKY 
pa= 8000 kg, kb < 600 kg/cm2

, k ~ 80 kg/cm2
, W < 80.000. 06':1HC­

JIRTH BH M ipH. 
3i Haopy ( 42) BHXOAHTb 

_!_ = v 0,2.600 = v 1,5 = 1,23. 
d 80 

3HOBY DpHHM86MO ~ = 1, 15. niCJISI UbOrO JJ,icTa6MO : 

15.000 = 80-1,15 d2
, aeiJJ.KH d2 = 163, d = '"'-' 130 mm, l = '"'-' 150 mm. 
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nepeeipKa BeJIHlfHH kb, k Ta W 11.ae: 

k _ 15.000 · 15 · 10 _ 500 k I 2 
b - 3 - '"'-' g cm , 

2· 13 

1s.ooo 77 k I 2 
k = 15 · 13 = g cm ' 

8000· 120 
w =----- =64.000. 

15 

n p H K n a 11. III. 3Ha11.eipHii npoMip 06i11.11acToro 6iryea d2 = 160 
mm, cepe11.oeaii · d1 = 132 mm, rpy6HHa o6iJlKa 12 mm, OJIHHHlfHllii 
THCK k = 12 kg/cm2

• 0611HCJIHTH rHylfe aanpy>1<eHHff kb. 
3i eaopy (44) ,D.icTa6MO CHJIY p: 

P = ( n !62 - n 1;,22) 12 = '""750 kg. 

PaMeHo .rHy11oro MOMeHTY : 

1 
(16 - 13,2) · 4 = 0,7 cm. 

MoMeHT Bill.DOpHOCTH npOTH rHyTu W : 

1 
W = 6 · 13,2·n· l,22 ='"" 10 cm3

• 

rHytte Hanpy>1<eHHff kb : 

750·0,7 = 10· kb, aBiJlKH kb= 325 kg/cm2
• 

n pH Kn a A IV. 06ttHCJIHTH 6anaecoey Bicb, o6Tff)l(eHy, ffK DOKaaaHo 
Ha pacyaKy (puc. 93). Cana P = 1500 kg, 6eanettHe rHy11e Hanpy>1<,HHR 
kb< 400 kg/cm2

, 011.HHHtfHHH THCK k < 12 kg/cm2
• 

1 2 J ~ 

A ,___ ___ _g_ -
~ aoo_ tooo 

(p11c. 93) 
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100 
P · 1.00 = l\ · 80, aeiAKH P 1 = 1500 · 80 ="'1900 kg; P2= P1 + 

+ p = 1900 + 1500 =--= 3400 kg. 
npoTHCHnH DiADOp A Ta B 6yAYTb : 

A = p 2. b = s4oo . 5o = "' 1400 k · B = P
2 

- A = 2000 kg. a+ b 120 g, 

Poa6HB86MO AOB>l<HHY oci Ha BiATHHKH no 100 cm KO>l<eH Ta 06'1HCmo-
6MO aoKpeMa nepepiae 1, 2, 3, ... Ta l ', 2', 3', ... 

fHylfi MOMeHTH AnsI nepepiaia 1, 2, 3 ... (6epy'IH aniea) 6yJJ.yTb: 

1 - 1400· 10 = 14.000 kgcm, 2 - 28.000 kgcm, 3 - 42.000 kgcm, 
4 - 56.000 kgcm, 5 - 70.000 kgcm, 6 - 84.000 kgcm, 

7 - 98.000 kgcm. 

fHy'Ii MOMeHTH JJ.JUI nepepiaie I', 2', 3' ... , 6epyqu cnpaea, 6yJJ.yTb: 

1 - 2000 · 10 kgcm, 2 - 40.000 kgcm, 3 - 60.000 kgcm, 
4 - 80.000 kgcm, 5 - 100.000 kgcm. 

3 1 a . 
AODOMoro10 eaopy Mb= 

10 
d kb aHaXOAHMo npoM1pH 

d1 = "-> 7 cm, d2 = 8,9, d 1 = 10,2, d4 = 11,2, d5 = 12, d6 = 12,8, 
d7 = 13,5, d'1 = 7,9, d'2 = 10, d'a = 11,5, d'4 = 12,6, d'5 = 13,5. 

3 JJ.ODOMOrOIO eaopy (42) 8H3HAeMO cniBKp8THiCTb ~ Mi>I< ,O.OB)l(H­

HOIO Ta npoMipoM 6iryHa B: 

_!_ = v 0,2·400 = "'2 57. 
d 12 , 

EepeMo _!_ = 2,5. 3i eaopy ( 41) auaxo,o.HMO d i l .o.nsi 6iryua B: 
d 

2000 = 12·2:5 d2
, aei.o,KH d = "'8,2 cm, l = 8,2·2,5,= 20,5 cm. 

BaMipu 6iryHa A 6epeMo TaKi caMi, xolf eiu i ~eume 06Tst>1<eHHH. 
nepeeipKa rpy6aHH oci Ha BiJJ.cTaui 10,25 cm ( nepepia x) ei.tt ce­

peAHHH 6iryHa (TOttKa B) JJ,ae: 

2000·_!_·10 
dx8 = 40~ = 512, aei,O.KH dx = 8 cm, 

OT>l<e 8,2 cm BHCTaptta6 a ropOIO. 
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noa,D,OB)l(Hl.OMY nepepiaoai oci Ha,D,alOTb iipocTOniHiiiHy ( CTi>KKOBaTy) 
«t»opMy, a He KpHBOJJiHiiiHy, ffK ue BHXOAHTb ia 06'1HCJieHHR. 

[] p H K n a A V. 06'1UCJIHTH rpy6uHy eany poarany>KHHid, ~o nepe­
Jla6 40 pH Ta po6HTb Ha MiHYTY n = 200 o6opoTiB. 

3aKpyTHHH M.O.MtHT M 4 = 71620· N = 14324 kgcm. 
n 

Sepy'IK 6eane\rne uanpy>KeHHR kd = 120 kg/cm2
, AiCTaHeMo npoM.ip 

14324 = + d 9 kd, aBiAKH d3 = 600 i d = 8,4 cm="" 85 mm . 

• 
3i eaopy (56) d = 12 V ~ JJ.iCTaHeMo d =--= 80 mm. 

EepeMo ~epwaii BHCJJiJJ. d = 85 mm. 

n p u Kn a A VI. 06qacJJHTH ean poarany)l(HHUi (pac. 94), mo nepe­
IJ.&6 N = 40 KOHeii i po6HTb Ha MiHYTY n =--= 240 o6opoTiB. 3JJO)l(eHe 
Hanpy>1<eHHSI He DOBHHHO 6yTH 6inbme· aa 550 kg/cm2

• ,llo,[laTKOBi AaHi: 
S 1 +S2 =450 kg, S'1 +S'2 =1350 kg, a= 550 mm, b = 400 mm, 
e = 1600 mm; eara nieoro Koneca 150 kg, npaeoro - 100 kg. 

e 

I" i~i~ I • 
I . 

, I . ,,· ---f...-..-.1' 

I 

IJ 650 lJ 

(pee. 94) 

Cana THCKY Ha npaBHH 
6iryH, paxyIO'IH JIHWe HaTSlr 
nacie, 6yAe 

P 
_ 450·55+ 1350. 120 _ 

1 - 160 -

="" 1150 kg. 

Cuna THCKY Ha nieaii 
6iryH 6y.o.e 

p 2 = 450 + 1350 - 1150 = 
=·650 kg. 

Cuna TKCKY Ha npaeau 
. . . 150·55 + 100.120 

6iryH BtJJ. eara Komc 6y.o.e Q1 = 
160 

= 125 kg. 

Cuna THCKY Ha nieuii 6iryH ei.o. earu Konic 6yAe Q2 = 150 + 100 -
- 125 = 125 kg. 

Bucni.itHuii THCK Ha npaeiM 6iryHi 6yAe npu6JJH>KHO 1250 kg, Ha ni­
eiM - 750 kg. Ha86inhwuii rHy1u1u MOMeHT npHXOAHTbCSI Ha nepepia, 
o6TSl)l(eHHH npaBHM KOJJeCOM ; eeJJH'lHHa UbOro MOMeHTY 6y,11,e 

Mb= 1250·40 = 50.000 kgcm. 
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3aiq)yTHHH MOMeHT piBHR6TLCR 

N 40 
Md= 71620 ·"ff" = 71620 · 240 = ('-0 12.000 kgcm. 

3eim .. \H ano>1<eHHH MOMeHT 6y.o.e 

JM~1 =0,35 Mb+ 0,65 V M:+(a0 Md)2
; a 0 = 

1 
~zk = ~ 1; 

I I 

Mb = 0,35 · 50.000 + 0,~5 V 50.0002 + 12.0002 = 0,35 · 50.000 + 
+ 0,65-51400 = ""51.000 kgcm, 

. 1 d3 51 000 3 51.000· IO 930 - 100 381,IJ,KH 
10 

kb1 = . , d = 
550 

= , d -- "-' mm. 

51K 6u TOH caMeii ean o6qycmoBaTH TinLKH Ha Kpy'leHHR, TO np11i:i­
HRBWH 6eane'IHe uanpy>KeHHSI kd = 120 kg/cm2

, .o.icTanu 6 

12.000 = ! d3 
• 120; aei,11,KH d3 = 500 i d = 80 mm. 

n pH Kn a .0. VII. 06'1HCnHTH KOnieqacTHH Ban (pHC. 95 a, b i 96), 
06TR>1<eHHH poarouoBHM KonecoM G = 2000 kg (eary ii uaTflr nacy poa-

' .A. , I 

(pBC. 958) 
rOHH'l8 aa-.o.nsi npOCTOTH npHiiMa-
6MO HanpaeneHHMH CTOp'I .o.o pa­
cyHKY) i THCKOM TOnOKa p = 
·_:___---: + 5000 kg, HanpasneHHM Te>K 
CTOp'i ,IJ,O pucyHKY (pHC. 95 b i 96). -
flpoMiHb BiTpHHHUi r = 200 mm. 
Mi>K npaBHM no>KHCbKOM i paMe­
HOM BiTpRHHUi Tpe6a aanHWHTH 
Micue .o.nR si.o.ocepe.o.anKa aaswap-

I e 
(puc. 95 b) 
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WKH e 175 mm. 3J10>1<eHe eanpy>KeHtUI kb1 < 500 kg/cm:.i, w < 40.000, 
KiJJhKiCTb o6opoTiB Ha MiHyTy n = 120. 

3riAHO a BillaHa'leHHRMH Ha pac. 95 a, b, npoTHCHJJH niAnop A i B 
•nR Toro DOJJO>KeHHSI, KOJIH p HanpaBJJeHe BHHa, 6YAYTb: 

A = G (a+ o + e) + Pe B = Po - Ga; 
o+e ' o+e 

KOJJR P aanpaeneae AO- ropH, 

A _ G {a+ o + e) - Pe B __ Po+ G~ 
o+e ' - o+e · 

SIK~o po6oTa MaWHHH nepe.ita6TbCSI BCSI qepea poaroHoee Koneco, 
TO DOOAHHOKi nepepiaH KOJiiH'laCTOrO eany aHaXOASITbCSI ni.Q TaKHMH 06-
TSl>KaMH: 

1 - rHyTTSI H Kpy'leHHR: Mb= Ga, Md= Pr. 

/
0 

d1
3 kb1 = 0,35 Ga+ 0,65 V (Ga)2 + (Pr)2. 

2 - rHyTTJI H Kpy'leHHSI: Mb= G (a+ u)- Au, Md= Pr. 

3 - rHyTTJI ii Kpy'leHHSI: Mb= Be, Md= Br. 

4 - rHyTTSI: Mb= B (n - 0,5 b). 

5. a) - rHyTTJI ii Kpy'leHHH. ~JIJI TO'IKH 0 e cepe,11.nHi ey>Kqoro Kpato 
nonepe'IHoro nepepiay paMeaa MaTHMeMo 

! b h2 kb= 0,35 Mb +o,65 v Mb2 + ( ~ ao Md) 2
, 

Jle Mb= By AOC>lrae Han6iJJbWOro aaa11iHHH npu y = r, ce6ro Mbmax =Br; 
Md= Bn. 

b) - Kpy11eHHH B TO'IId M no-cepeAKHi WHpworo 1<pa10 paMeHa 

2 
- h b2 kd = Bn (eaip XXXV). 
9 

6. a) - rayTTSI ii Kpy11eHHS1 e Toq1.\i T no-cepeA1rni ey>1<11oro Kpaio 
paMeHa 

! b h2 kb= 0,35 Mb+ 0,65 v Mb2 + (; a0 Md) 2
, 

Ae Mb= Bx+ P (r - x) nocS1rae aaii6in1>wo'i eeJIHlfHHH npH x = 0, 
ce6TO Mbmax =Pr; Md= B (m + 11) - Ps. 
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b) - KpylfeHHfl B TOlfQi l no-cepeimui wHpworo kparo paMeHa 

~- h h:.! kd = B (m + n) - rs. 

·1 21 .)I ~1 
IlepeXO,!J,Sl':IH Bi,!J,TaK ,!J,O l.fH­

cnoBHX ,!J,aHHX i llO KOHKperuo­
ro 06lfHCneHHSI BHMipiB Sany, 
MYCHMO Ha-caM-nepe,ll BHSHa­
':IHTH XO'fa 6u npn6JIH>KHO Bill­
craHi DOMi>K ,!J,aHHMH CHJiaMH i 
ni,!J,nOpHHMH npOTHCHnaMH. Qe 
norpi6ue uaM ,!J,nSI 0611ucJieuuS1 
caMe rax npoTacun. Mo>1<eMo 
0,!J,Ha'le niTH ii iHWHM WJISIXOM 
i euaHa'fHTH co6i Hanepe,!1, npu-
6JIH>KHY BeJIH':IHHY npoTHCHJIH 

:J?~ -- ..! 

• _.J~j- ~ 
r - 280 
! .:..._5 -; 

! - -~ 

~­
lQJ- -

I 27:, __ l_[)O _ .I 

(pee. 96) 

ni,!J,nopu A; aa-,!J,nSI QLoro M0-
>1<eMo, uanp., apo6HTH AOCHTb npaB,!J,ODO,!J,i6He 

5 
npaoymeuusi, mo ua niA-

nopy A npuna,!J,ae KOJIO 6 ( P + G). 

IlpHHHSIBWH BiilTaK k = 20 kg/cm2 Ta li = 1,5 di, AiCTaHeMO 

') 5000+2000 5 . 
d1- = 

20
_ 1

15 
- · 6 = 195, 381,!J,KH di= t"\.J 140 mm, l1 =t"\.J220 mm. 

Maro':IH ,!J,OB>KHHY JIO>KHCbKa l 11 MO>KeMo neKwe aopieuTyeaTHCSI e iu­
WHX BHMipax; npaiiMa6MO OT>Ke a= 275 mm, o = 275 mm, e = 450 mm. 

mcnS1 Qboro po6uMo nepeeipKy nporHCHJIH A: 

2000 (27,5 + 27,5 + 45) -1- 5000. 45 
A1 =--- ---- -------

2715 
+45------ = '"'-.> 5870 kg. 

Qe ':IHCJIO Maii>Ke ~iJIKOM aro,a.>1<yerbCSI a npHHHSITHM HaMH nonepe,!1,y 

5 
A = tf ( G + P) = 5830 kg. 

3HaXO,!J,HMO npOTHCHJIY Tl61 )I( ni.11.nopH l{nSI TOrO eana,a.Ky' KOJIH 
CHJia p Mae npOTHJie>KHHH HanpSIM: 

• 

A
2 

= 2000. (27,5 + 27,5 + 45)-5000 · 45 = _ 345 k 
27,5 + 45 g. 

IlporHCHJIH ni,!J,nOpH B D.JISI o6ox BHDa,!J,KiB 6YllYTb : 

Bi= 5000 + 2000 - 5900 = 1100 kg; 
83 = 2000 + 345 - 5000 = - 2655 kg. 
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nicmt QbOfO OCTaTO'IHO BCT3HOBnI06MO 000.[lHHOKi BHMipH Bany. 

OT>t<e a= 
2;o + + (i - JJ.OB>t<HHa KOnOAHQi poarOHHtta), i = 2 (275 -

- 110) = 330 111111; O = 
2~0 T (WHpHHa b paMeHa BiTpSIHHQi) + (no­

nOBHH8 AOB>t<HHH eiTpSIHH'IHOro 6iryaa) + (aanni'IOK paMeHa). 
BepeMo b = 0,6 d1 ="' 80 mm; AOB>t<HHY eiTpstHHttHoro 6iry­

aa = 160 mm; AOBlKHHY aanni11Ka = 5 mm; nicnst QhOro o = 110 + + 80 + 80 + 5 = 275 mm; 

e = ~~O + 85 +80 + 175 (ue .ll,3.HO B JMOBi) = 4_:,Q mm. 

3anawaaThCSI nepeeipHTH aanpy>t<eHHSI e aaaHa'leHHX nonepe.[ly ne­
pepiaax: 

nepepia I : 
Mi.= Ga= 2000 · 27,5 = 55.000 kgcm; 
Mu = Pr == 5000 · 20 = 100.000 kgcm; 

1
1
0 

d3 
/?bl = o.35 . 55.ooo + o,65 V 55.0002 + 100.0002 = "' 19.ooo + 

+ 7 4.000 = 93.000 kgcm ; 

d = 14 cm, /?hi= 
93·0~~ · 10 

= "'340 kg/cm2 < 500 kg/cm2
. 

nepepia 2: 

:Vlb = G (a+ u) - A 2 u = 2000 · 38,5 + 350 · 11="'81.000 kgcm; 
Md = Pr = 100.000 kgcm; 

1~. 143
• kbl = 0,35. 81.000 + 0,65. v 81.0002 + 100.0002 = 

= 28.000 + 84.000 = 112.000 kgcm, 

112.000. 10 410 I 2 500 I ., 
kb1 = ----- i43 -- = kg cm < kg cm~. 

nepepia 3: 
/ldh = B2 e = 2650 · 45 = 119.000 kgcm, 
M c1 = B2 r = 2650 · 20 = 53.000 kgcm, 

l~ d3 
kbt = 0,35 · I 19.000 + 0,65 V 119.0002 + 53.0002 = "' 42.000 + 

+ 85.000 = 127 .000 kgcm; 
127.000 ·IO ., 

d = 14, kb1 = 143 = 450 kg/cm~ < 500. 



nepepia 4: 

Mb = B2 • 28,5 = 2650 · 28,5 = 76.000 kgcm; 

/, 76.ooo . to 280 k I 2 500 k I 2 ~b = 143 = "'-.> g cm < g cm . 

nepepia Sa: 

M bmax = B1 · r == 2650 · 20 = 53.000 kgcm; 
Md = B1 · 32,5 = "'-.> 86.000 kgcm; 

i· b h2 kb= 0,35. 53.000 + 0,65 v 53.0002 + (~ . 86.000)2 = 
110.000. 6 

= ~ 19.000 + 91.000 = · 110.000 kgcm; kb= -8~202-= 206kg/cm1
• 

nepepia 5b: 
2 

Md = 86.000 kgcm; g h b2 kd = 86.000: 

86.ooo . 9 300 I 2 
kc1 = 2. 20. 82 = ~ kg cm. 

Ilepepia 6a: 

Mb= Pr= 5000 · 20= 100.000 kgcm; 

-11!fd = B (m + n) - Ps = 2650 · 57,5 - 5000 · 12,5 = 90.000 kgcm; 

! b h' kb= o,35. 100.000+o.65V100.000• + ( ~ 00.000)2 = 

= 145.000 kgcm; 

k = 145.ooo . 6 = 270 k . I 1 
b 82. 20 g cm . 

nepepia 6b: 
2 

Md = 90.000 kgcm ; -9 h b2 kd = 90.000; 

k 
_ 90.000. 9 _ 320 I 2 

d - ~0 . 82 - "'-.> kg cm . 

nepeeipKa nieoro JIO>KHCbKa Aa6: A = 5900 kg. 

5900 2 
k = 22 . 14 = 19,2 kg/cm ; 

- f n_ _ 5900. 120--'- 32 000 
W- l - 22 - .. 
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111. noJKMCbHa (eanbHH1.4i). 

Xolf Tenep pi.II.KO KOJIH AOB0,11.HTbCff 6y,11iBHH'IOMY po6HTH HOBi JIO­
>KHCbKa, 60 ,11.aJ1eKo J1inwe ii ,11.eweewe KynyeaTH Yx y cneQhinbHHX cl»ipM~ 
npoTe BiH DOBHHeH 8H3TH, a ffKHX caMe aaca.11. Tpe6a Pi,11.XOAHTH ,llO 

OQiHKH JIO>KHCbK. 
Jlo>1<HCLKa cny>1<aTb aa ni,11.nopH ,11.0 6iryeia. Cepe.11. eex rpe6a poa­

pi>1<HS1TH ,II.Bi BHpaaHO Bi,11.0KpeMJleHi BillMiHH: B JI a c T H B i JI 0 )I( H c b Ka 
Ta n SITH HK H. Ha pHCYHKax 97-102 DOKaaaHO H3HOiJibW Y>l<HBaHi 

tt»opMH ix: 

(pee. 97-102) 

1 88H'i3HHe JIO>l<BCbKO, 
2 CTOSIKOBe JIO>KHCbKO, 
3 ni,11.cy6iiiHe JIO>KHCbKO, 
4 - BHCJle JIO>KHCbKO. 
5 - 8BH'laHHHH OSITHHK, 

6 - o6iA'18CTe JIO>KHCbKO. 
0KpiM QbOro poapi>KHSl6MO JIO>KHCbK3 c y Q i JI b H i (puc. 103) Ta 

c K Jta A a Hi (pHc. 104). PosrnS1HeMo TYT JIHWe ocTaHHi. CKJ1a,11.aHi JIO>KH­
CbKa MaJOTL TY nepeeary nepe.11. cyQiJlhHHMH, mo ix MO>KHa ni,11.1ua1u ii 

(pee. 103-104) 

,11onacoeyeaTH. 3a-,11.J1st Qhoro BOHH poaeiMaJOTLCSI a 
DJIOl.QHHi, CTOp'IOBiii ,11.0 THCI<y Ha 6iryu. ronOBHi 
CKJI3AOBi 'i3CTHHH JIO>KHCbKa TaJ<i : M a T 0 'I H H a, r H i­

a Jl H me, Ha K pH BK a, w p y 6 H H Ha 8 0 p 0 'I K H; 
OCT3HHi ,II.Bi 'i3CTHHH cny>KaTb JlJlff npHKpyqyeaHHSl i 
HaKpHBKH, i caMoro JIO>KHCLKa. 

BHMipH M3TO'IHHH DOBHHHi O'ifRH,11.HO ei,11.noei,11.aTH 
6iryHoei. MaT011HHH po6J1stTL ia rei,11.oMi.D.HQi, >KOBTOMiAHQi, 11aeyHa; Ha 
BeJIHKi M3TO'IHHH B>KHB3IOTb qaeyH (api,11.Ka KOBy11e aaJ1iao) a H3JIHTHMH 
a eiM n JI i c Ka M H a 6iJ1oro MetaJ1y. }:tJ1st poaraJ1y>1<HHQb y>KHBaIOTh 11a­
ayeaax M3TO'IHH ; ,II.Jiff BeJJHKHX CKOpOCTeii Ta eeJIHKHX THCKiB Te>K '18-
BYHHHX MaTO'IHH, aJ1e a 6iJ10-MeTaJ1eBHMH nnicKaMH. 1.Qo.11.0 rpy6HHH 'ix, 
TO Sax pa,11.HTL po6HTH rai,110Mi,11.ui Ta >KOBTOMi,11.ui M8TO'IHHH (pnc. 105) 
aaerpy6WKH B 

(57) 



B HanpRMi 6iryHoeoro THCKY ,11.aiorh MaTO'JHHaM Haii6inLwy rpy-
6HHy, M3IO'IH Ha yaaai 6iJJbWe TeprSI B QiM HanpSIMi i aaJJe)l(HHii OA 
QbOro 6iJJLWHH cTyniHL aHocy. Baip (57) Aae 
enacHe OUK> Haii6iJJbWY rpy6uHy. B HanpRMi, 
crop'iOBiM .11.0 6iryHoeoro THCKy, pa,11.HTL Bax 
6paru rpy6eHy 

d 
s2 =-+3mm. 
.., 8 25 

(58) 

MaTO'lHHH cnHpaIOTbCR Ha JJO>t<HCLKa aAe-
6i11bworo TiJJLKH KpaSIMH, cepeAHHH >t< lx aa­
nHwaIOTbCSI Heo6TO'JeHHMH i M3IOTb Kpyroei 

(pac. 105) 

npomiJIKH. lfonu a Ta b JJ.OA3IOTbCJI MSI Toro, mo6 He JJ.08BOJISITH Ma­
TO'JHHaM nepeKpy11yearacS1. Maro'iHHH MaIOTL onnoei.u.Hi pie'IHKH JJ.JIJI Ma­
auea. 

Tenep y>1<aea10T& a.u.e6inbworo ae­
TOMaTH'IHoro Maauea a AODOMOfOIO 0 6-
p y 11 H Ki a. npu1<11a,11. raKoro cnoco6y 
noKaaaHo ea pucyHKY 106. TyT 6a11n-
110 aea11aiiHe JIO>KHCLKO a Ky11srcro 06-
ro11eeo10 'i3BYHHOIO MaTO'iHHOIO ( caMo­
CTaeea Maro11aHa). Cni.D.HSI nonosuea 
M3TO'IHHH aHaXO,lJ.HTbCSI 8 aaKpHTiii 3j 
ecix 6oKiB MaaHHI.\i; /(ea 06py11HKH eu-

&$
."' 
• • ·:-.~.'.. . I 

I 

i .: ... 
~- . . . 

. . 
~ : '.N' ' 

(pac. 106) 

CSITh Ha eany, nnaeafO'iH cni,D.HiMH lf3CTUHaMH B Maaaei: npHMyweHi CK­
JIOIO TepTSI o6epT3THCSI ni.u. lf3C pyxy paaoM ia B3JIOM, BOHH aaXODJllO­
IOTb ia co6010 MaaHBO H nepeHOCSITb uoro .11.oropH Ha 8311. Bi.u.noei,D.HO 
nopo611eHHMH piBlfHK3MH M38b poaXOJJ.HTbCSI no uiniM JIO>KHCbKY i CTiKa8 
8 HbOfO aHOB >t<e TaKH AO M38HHI.d, aei,D.KH T3KOIO C8MOIO .Q.Oporoio .u.i­
CT36TbCSI AOropu, nonanae Ha ean i T. JJ.. 

Bin TiJlbKH mo ODHCaHoro JIO>KHCbKa, ,Ile 
06py11HKH ne>1<aTh einLHO Ha eany ii o6epra­
IOTLCSI paaoM ia HHM ni.n. BDJIHBOM repTSI, Bill­
pi>t<HSllOThCSI JIO)l(BCbKa <iJipMH Bi11b4Je11b (W iil-
f e J ), mo M8f0Tb JIHWeHb 0,llHH o6py'IHK, yMilJ.le- -
HHH no-cepe.11.uei i npHMywyeaH11u o6epraTHCb 
aa eaJIOM THCl<OM npy>KHHH (puc. 107). 

l<ynstcri o6roqKH M8TOlfHH ll3IOTh iM MO>K­
JIHBicTb BiJihHO o6epraTHCb B pi>KHi 60KH aa 
pyxaMH 6iryHa i C8MOTY>KKH npHCTOCOByBaTHCh 

(pee. 107) 

AO Aoro nono>1<eHh. t.f epea re cana THCKY Ha JIO>KHChKO poaK11a.n.aerbCA 
piBHOMipHO no uiniii JtOB)l(HHi iforo, ce6ro O,llHHH'IHHH THCK BHD3,IJ.36 MeH-· 
wal i JIO>KHChKO MeHwe ay>1<uea&TbCst. 
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AnR poarany>1<HHQb ,qy>1<e 11acTo B>l<HBaIOTb JIO>KHCbK C en a pc a, i 
aAe«SinbWOro y «IJopMi BHCJIHX (pHC. 108). 0KpiM a.1d6HOCTH caMOBCTa­

HOBJIRTHCSI, IJ.i JIO>KHCbK3 M8IOTb me 
ii TY A06py BJ18CTHBicTb, mo ix MO­
>l<Ha a AODOMOfOIO BiADOliAHOi wpy-
6H niAHOCHTH .QoropH 'IH onycKaTH 
BllOJIHHY i THM cnoco6oM DpHCTO­
coeyeaTB AO yKnaAy eany poarany>1<­
HHIJ.i. 

Ile CHna THCKY 6iryHa MiHSl6 ceiii 
HanpsrM, RK, Hanp., B JIO>l<HCbK8X KO­
niH'faCTHX eanie napOBHX M8WHH, TaM 

~~~.! - npHXOAHTbCSI B>KHB8TH MHOrOCKJiaA­
HHX MaTo'IHH. Ha pee. l 09 noKaaaao 
TaKe no>KHCbKO. niAKpy11y10'IH wpy6a 
H8KpHBKH H H8THCK8IO'IH T8KHM 11H­
HOM Ha eepxHIO M8TO'IHHY a, npH-

(pac. 108) MywyeMO il no,QaBaTHCR BHH8 i CHnb-
Hiwe HansrraTH Ha 6iryH; ABOMa iH­

WHMH wpy6aMH nepeMimaeMO KJIHHHJI c, 
c, mo H8THCK3IOTb Ha 6oKOBi MaTO'IHHH 
b, b, i npHMYWY8MO OCTaHHi DOA3B8THCSI 
e noaeMiM eanpsrMi. CniAHIO Maro11aey aa­
nnwaIOTb 8BH'i8HHO HepyxoMOIO. 

B ManHx napoeHx MawaHax no>KHCb­
Ka CKna,QalOTbCJI aJJ.e6inbWOro a ABOX 'fa­
CTHH, p03AineHHX He noaeMOIO, a DOXHnoro 
nnomuHOIO, niA KyroM 45°, a po6HTbCSi 
u.e TOMy, mo TYT Haii6inbWHH THCK Ha 
JIO>KHCbKO He be A08eMO (pHC. 110). 

(pac. 109) HaocraHu.i araAaeMo me npo Ky n b-
K 0 B i no>1<HCbK8 (pHC. 111 i 112), mo no­
piBHIOIO'IH ai aBH'faHHHMK ,nat0Tb aHa11Ho 
MeHwe reprH. Ane aa- .nnsr IJ.bOro BOHR no­
BHHHi 6yrH apo6neHi AOKnaAHO i a Jl06ip­
HOro Marepbrny; C8Mi KYJibKH DOBHHHi 6y­
TH a HaHKpamoro craneeoro nHea, A06pe 
aaraproeaHi i MaTH Ay>Ke rnanKy noeepx­
HIO. l<ynbKOBi nO>KHCbKa IlOWHpKHOTbCH 
renep aa w.o paa 6inbwe. Cnepwy B>KH-

(puc. 110) eanH 'ix JIHWeHb y C8MOK8TK8X (eenOCH-
ne,Qax, poeepa:x) Ta C3MOXOA3X (aBTOM0-

6im1x), ane Tenep BOHH yeiHWJIH B>l<e AO pi>KHRX iHWHX ranyaeii M8WH­
HOBOro CSyAiBHHIJ.TBa, Ae ii y>KHBaJOrhcsr ttH ro y <t>opMi aeu11aiiHHX i 
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BHCJIHX no>1<HCbK, ttH y <t>opMi DHTHBKiB. BouH MatoTh me TY nepeeary 
nepeJJ. BBH'iaHHHMH JIO>IOlCbJ<aMH, mo TepTSI B HHX MaH>l<e He aaJie>l<HTb 
OJI. llPHPOAH M3BHBa ii Bi,IJ. iioro aaHH'lHUleHHff, lllO BOHH M8IOTb • He-
3Ha11uy JJ.OB>l<HHY ii He noTpi6ytoTb nonepeJJ.HLoro npHtHpaHHff i w.o Ha­
pemTi OJJ.HOpR,IJ.Hi JJO)l{HCbJ<a MalOTb JJ.OCHTb BeJlHI<Y a,11,i6HicTb caMOBCTa­
HOBJISITHCSI Bi,IJ.noBi,IJ.HO ,IJ.O nono>1<eHb 6iryua. 

I o 
I I 

j~b--~: 

(pee. 111) (pee. 112) 

3ra,IJ.a6MO KOpOTKO me ii npo K 0 T K 0 8 i JJO>l<HCbKa. QHX JJO>l<HCbK 
y>KHBaJJH pauiwe nuweub y MOCTax i no,[li6aex ,11,0 Toro cnopy,11.ax. 3ro­
AOM cTaJJH ix y>1<HBaTH i e ,[leRKHX ranyaHx MaWHHoeoro C>yAiBHHQTBa, 
s11c, Hanp., ,11.nS1 cHJJbHo 06Tst>1<euHx i ,11y>1<e nosin1>HHX sanis. B QHX no­
>IOICbKax TepTR MO>l<e 6yTH aMeHweue Ha 40-50 °/o, nopiBHIOIO'IH ai 
IBH'laiiHBMH JJO>l<HCbKaMH, SIKmo TiJJbKH KOTKH apo6neHi a ,IJ.06po'i CT8Jll 
• KOTRTbCSI no TaKiH caMiii CTani. 
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P03Aln "IETBEPTMA. 

BCTYn. JI y If H HK a M H aaaeeaeMo npenaJJ,ASI AO cnonylfyeaaasr 
ABOX eanie. Oci otiox eanie ne>KaTb aAe6iJibworo e ttanpstMi OAHOi npo­
cToi. 

Bci MO>KJJHBi e 6yAiBeJ11>HiH npaKTHU.i cnoco6n cno11ylfeHHS1 eanie 
MO)l(Ha poa6HTH Ha TaKi TPH BiAMiHH: 1 - cnony'leHHSI r JI y x i, KOJJH 
any'leHi eana cTattoenSITb Balfe OAHY u.inicTL; 2 - cnonyqeHHSI pyx o Mi, 
KOJJR OAHH ean MO>Ke TpOXH nepeMimaTPICSI KOJJO Apyroro, ffH TO B Ha­
npSIMi cninLH0°l oci, 'lff B aanpSIMi nonepe'IHiM (TaKi nepeMiIUeHHSI 00-
BCTaIOTb, aanp., ai.11. aaocy JJO>KHCbK Ta WHHOK); 3 - cnonylfeHHR po a­
'I in Hi, KOJJH niA 'lac pyxy MO>KHa poany'iaTH ii any'laTH RaJJH. 

I. rnyxi ny'4HMKM. 

HaiinpocTiwaii THO u.1a1 ei.11.MiHH - u.e K o ;1 o .11. K o e u if nylfHHK 
(pee. 113). BiH CKnaAa6TbCSI 3 lfaByHHOi KOJJOAHid, poa.11.eoanoi no- UOJJO­

BHHi, Ta ABOX 06py11ie ia Koeyqoro 
aaniaa. LU o6py'1i ea6Hea10TbCS1 Ha 
KOJI0.11.HU.IO 8 poanelfeHiM CTaHi. 3aa­
.11.eipHR noeepxeH KOJJO.D.HU.i Mae cny­
CKoeary AO o6ox KiHU.iB q,opMy. BiA 
nonepe'IHoro nepecyeaHHR aa6eane­
lfYIOTb KOJJ0.11.HU.IO CTOpO>KKH Ha o6ox 

(pnc. 113) eanax. 
l{ pH Ca TH M JIY'-IHHI< (pHC. 114) 

qacrn B>KHBa6ThCSI JJ.O ea>KKHX eanie. BiH eKnanaan,cR a JI.Box qaeyHHHx 
KOJIOAHUI. ia KpHcaMH, na6HTHX Ha eanH A aaKJIHHeHHX TaM (Hanninwe 
11a6HBaTH 8 rapSllfiM CTaHi, a6o ni.1( riApaenilfHHM THCKOM). 1..Qo6 KOJJO­
ARid naeane niA qac pyxy Kpyrni o6opoTH, ce6TO mo6 KO>KHa TO'IKa 
KOJJ0.11.Hui oToqyeana Kpyr Ha.D.OKOJia oci eany, Tpe6a ix o6To'iyeaTH ni-

88 



ciu1 aa6HTTR Ha ean. XH6H l\bOro ny'IHHKa TaKi: sci JIO)f(HCbKa, sci KO­
neca Ta iHllli qacTi, ~o Hacap;)f(ylOTbCH Ha BaJI, DOBHHHi 6yTH ~BiHlfa­
CTHMH. OJ(piM l\bOro, p;m1 ocRraeHHH 
cniBOCHOCTH sanie 0,llHa a KOJIO.llHl.\b 
KO)f(HOfO JIY'IHHKa DOBHHHa MaTH oce­
pe,llKOBHH BHCTyn, a ii.pyra Bi,llnoei,llHHH 
iioMy ena,ll. KonH >K 6yeaa noTpi6Ho 
BHJIY'IHTH O,llHH ai cnonylfeHHX Bania, 
TO npHXO,llHTbCff nepeMimaTH B 008,llO­
B)f(HiM eanpSIMi l\iny qacTHHY sanoeoro 
cnony11eHHSI npHH3HMHi Ha DOABiHHy (puc. 114) 
rnH6HHY ena,lly. 

ll1py6H JIY'IHHKa rpe6a 06lfHCJllOBaTH Ha rHyTTSI, a He Ha apia. 

JlytfHHK c e JI 6 pc a (pHC. 115) CKJJa,Qa6TbCff a O,llHOl aHa,lleipHbOi 
'faeyHHOY KOJIO.lllll\i, poaTo'leHoi e cepeJJ.HHi Ha p;ea cTi)f(KH. B l\IO Kono­
AHUIO BXOARTb ABi qaeyHHi B T y JI K H 
a Bi,QDOBiAHO o6TO'leHHMH 8Ha,lleipHi­
•H noeepxHRMH. Ko)f(Ha BTY nKa Mae 
nOB.llOB)f(Hiii npopia, a ia cepeAHHH 
poaTo'leHa Ha-ei6no ii npanRrae AO 
eany. 06HABi arynKH cn1ry10TbCS1 
TpbOMa nporOHHtf3MH i qepea Te Ha-
THCKalOTb Ha KiHl.\i ea.'liB. AnR aa- (pnc. 115) 
6eane'leHHR Bill nonepe•moro nepe-
Miu.teHH» CJiy)f(aTL CTOpO)f(KH (Ha eany) i Bi,llnOBiAHi TM >l<OJI06KH (Ha 
BTYJIKax). IlpoMipH eanoenx KiHldB MO>l<YTb Aemo pi>l<HHTHCff O,llHH Bill 
OAHOro. Qeii ny'IHHK ,lla6TbCff nerKO HaJJ;RraTH ii aHiMaTH. llo cepeJJ.HHi 
ICOJIO,llHUi po6HTbCff p;ea Bi'IKa, 0,llHO npoTH 0,llHOro, mo6 MO)f(Ha 6y no 
nHJibHf88TH aa npaBHJibHHM fKJl3.l{OM BaJJOBHX tfin. 

II. PyxoMi ny"IHMKM. 

P o a c ye H H H ny'IHHK (pee. 116) y)f(HBa6ThCR a,1J,e6inhlllOro np• 
AOBrnx eanax, mo ni.ll BnnHBOM renJJOTHHX 3MiH DOMiTHO BH,IJ,OB)f(YIOTbCH 
A BKOpO'IYIOTbCSI i norpi6yl0Tb Bi.ll­
llOBiJJ.HOfO npucrpOIO AJISI BHpiBHIO­
HA HHff ix AOB)f(HHH. CKna,1J,a6ThCS1 ra­
wo>t< ia ,llBOX qaeyttHHX KOnO,IJ,Hl\h, 
MiltHO aaKJIHHeHHX Ha KilillSIX eanie; 
WO>t<Ha a HHX Ma6 0,IJ,HH ay6, UlO BXO-
AMTb y eip;noeiAHe raia,llo .llpyro'i KO- (pee. 116) 
JtOJlHl.\i. PoacyeHHX ny11HHKiB npHxo-
.'1HTbCR HeMHHy'le B>l<HBaTH i B T3KHX, Hanp., BHil8,llKax, KOnH OAHH Ki-
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HeUb Banoeoro cnony'leHHSI a SIKHX He6yJJ.b TeXHi'IHHX np~'IHH Mae CH­
AiTH B no>KHCbKY 6ea >1<a11.Horo ocboaoro nepeMimeHHst e HIM, a ea APY­
raii, npOTHne>1<HHH KiHeUb Ha6HTO CTi>l<KOBe nane'IHe KOneco, a6o CTi>K­
KOBHH ny'IHHK, a6o mocb DOJd6He AO UbOro, mo TaKO)I( He DOBHHHi 
nepeMimaTHCSI B DOB.[lOB>l<HiM HanpSIMi. Ta HaBiTb i B TiM pasi, KOnH 
DOBAOB>KHi nepeMimeHHSI JJ. 0 Br H x eanie JJ.ODYCK8IOTbCSI, Tpe6a B>l<HB8TH 
po~cyBHHX ny'IHHKiB, moc> WHiiKe eanie He BHXOAHnH si ceoix nO>l<HCbK 
i aaecirJJ.e sanuwanecb Ha OAHiM Micui. 

+-. 
,--~~~~~~W}fi<:qJ_~ 

- d­
+. -

' ' 
o ' I 

:..... a-~ :b-~ a-~ 
I L ~ 

(pac. 117) 

Kone Tpe6a cnony'IHTH JJ.Ba aana, mo ix oci nepeTHHaIOTbCSI ni.a 
ManHM l<YTOM (JJ.O 5°), TO B)l(H°baTb TaK aeaHHX c x p em e H H x a6o c y­
r .n 0 6 H H x ny'IHHKiB (pee. 117). 

Ha pee. 118 Ta 119 noKaaaHo 
n p y >1< H c T i ny'IHHKH. Ix y>1<aea10Tb y 
THX BHD8JJ.Kax, Kone oci o6ox Bania 
TpOXH pOBXOASITbCSI (MeM06i>1<Hi a6o pie­
H06i>1<Hi, He nepeTHH8IOTbCst), a6o KO­
nH QbOro .MO)l(H8 CDOAiBaTHCSI. JIV'IHHK 
(pee. 119) CKnaJJ,a6TbCSI a JJ.BOX tiaeyH­
HHX KOflO.llHUb ia WHpOKHMH KpHC8M.H. 
Jl.o Kpac npupo6JJeHo 'IODH, poaTarno-

(pec. 118) BaHi B CKinbKa pHIJ.iB, a DOMi>K THX '10-
nie HanstTO npy>l<HCTY peMiHHY CTpi'IKy. 

3a UIO CTpi'IKY 'linnSllOTb 'IODH JJ.pyroi KOnOJJ.HUi i T8KHM 'IHHOM nepe­
Jl88TbCS1 pyx BiA OJJ.Horo eany AO Apyroro. 

Jly'lllHK (pee. 119) CKJ18Aa6TLCSI a JJ.801( 'l8BYHHHX KOnOJJ.HUb, Tai< 
aaKJiaeeHHX Ha eanax, mo Ha o6BOJJ.i aanawaeTbCR AeRKHii npominoK . 
.l(nsi nepeJJ.alfi pyxy cny:>i.aTb npy>1<acTi nporoHHlfi. • 



(pHC. 119) 

Poalfinai ny'IHHKH 6ysaK>Tb D.BOX OJJ.MiH: Har H c Ko a i, mo npau10-
10Tb ia AODOMOrOK> TepTJI i MO>l<YTL aaMHKaTHCH ff poaMHK3THCH niA lf8C 
XOAy, i T8Ki, mo aaMHK8K>TbCH ff p08MHK8IOTbCH nuwe niJJ. ':lac CDHHeHHH 
pyxy. 3 OCTaHHix HaiinpOCTiwy 6yAOBY M8f0Tb T8K a ea Hi 8 a MK 0 Bi nylf­
HHH : Ha KiHUHX Banis CHJJ.HTb JJ.Bi KOJIOJJ.HUi, OJJ,Ha 8 HHX aaKJIHHeHa, 
lpyra aaHra Ha cropo>1<0K i Mo>1<e nepecyearacH a,11oe>K eany. Ko>1<aa 
1(0JIOAHl.\ff Mae CKiJlbKa ay6ie i BiJJ.nOBi,llHHX iM Bnaide. XH60K> UbOro ny':l­
tlMKa e cropo>1<0K. 

Uio xu6y ycyttyro B ny'IHHKY rinb­
•r6paHATa (pHC. 120), mo CKJiaJJ,a6TbCR 
I ABOX MiJ..tHO aaKJJHHeHHX KOJIOJJ.HUb A 
I (. Ta nepecyeuo'i KOJJOJJ.HUi B a TpbO­
... ay6aMH, mo 83XOJJ.HTb y BiJJ,noei,o.Hi 
ln&AH B KOJIOllHURX .A i c i B'linmo-
90Tt. Tx. A 

ll.lo6 MO>l<Ha 6yno JJY':IHTH BaJJH i (pac. 120) 
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B TiM paai, KOJIH OAHH ia HHX BHaXOJJ.HTbCff B CUOKOIO, a APYrHH y pyci 
KOpHCTYIOTbCR uaTHCKOBHMH ny'IHHKaMH. BoHH AaIOTb MO>KJIHBicTb AOCR­
raTa nosinbuoro cnony11eHHS1. Ha pee. 121 noKaaaHo TaKHH ny11HHK c11-
CTeMH fim1. BiH npauroe TaK: Ha KiHui n op y w Hor o eany (pyxoea­
Horo, WO npRBO,IJ,HTbCSI B pyx) aaKJJHHI06TbCff xpemaTa KOJIO,IJ,HQSI; ua 
ceoix paMeHaX Uff KOJIO.llHUSI Mae CTHCKOBi wenenH; OCTaH~i po6JIRTb­
CS1 8Ae6inhworo a qaeyHa Ta MaIOTb y cepeAHHi HaKnaAHi JJ.epeBffHi ry6a. 
BiHUSI ,11,pyroi KOJIO.llHQi, mo CHAHTb Ha KiHui n 0 r 0 H H 0 r 0 eany (pyxo­
AaHHOro, mo npHBO.llHTb y pyx), aaxoARTb noMi>K menena nepwol i a 
o6ox 6oKiB aaTHCKafOTbCSI B HHX. BiA o6a6ilfHOro npHTHCKY He T8K CHJlbHO 
CTHp810TbCR JJ,epeBRHi 1:1aKJ1a.llKH; OKpiM Toro, ix MO>KHa nerKO H WBHA­
KO MiHSITH, BHTpa"lalO"IH Ha u.e HeeenHKi KOWTH. 

(pee. 121) (pee. 192) 

_l 
(pee. 123, 124, 125) 
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noKaaaHHH Ha pHC. 122 HaTHCKOBHH nylfHHK CHCTeMH J{oMett-Jle-
6.nSIHa npau,ioa TaK: nepecyeaIO'lH eniBopy'l aJJ.OB>K eany A pyxoMy KO­
.nOAHU.IO C, nepeMimaaMo U.HM pyxoM KJJIO'IKOBaTi npy>KHHH E; u.i npy­
>KHHH ni,a.nHpalOTb co6oio tfOTHpH pyxoMi KOBaattu,i F, mo nocyeaJOThCR 
y einnoei,a.HHX cKoeay nRx KonoJJ.HU.i G, ttaChnoi Ha ean A. Ha ceo"iu lf0-
.11oeiH noeepxei KOBaaeu.i BKpHTi pHCK8MH; niA HaTHCKOM npy>KHH Ii, 
KOBaaeu.i npHTHCKaIOTbCR AO eieu.ie ea6HTO"i Ha pyxoMHH ean B KOROJJ.HU.i 
s, BKpHTHX Tal<HMH caMHMH pHCKaMH, i CHROIO TepTR npHMYWYIOTb ean 
nosoni nepexo,O.HTH B pyx. I.l.lo6 poa'liDHTH ny'IHHK, JlOCHTb OJJ,BeCTH KO­
nOJJ.HU.IO C enpaeopylf. 

Tpe6a CKaaaTH, mo 6 AY>Ke 6araTO pimHHX CHCTeM nyttHHKiB i .o.o­
KnaJJ.HHH ODHC ix CKnaBCSI 6 Ha u.iny KHHry. 

Ko>KHHH poacyeeuii lfH eaTHCKOBHH nylfHHK noTpi6ya Ami ceoei 
npau.i BiADOBi,O.HOfO p 0 a lf i n H HK a. TpH <t>opMH T8KHX poalfinHHKiB no­
Kaaaeo ea pac. l 23- 125. 
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P03.Qln nRTMA. 

IIPHCrrpm ,IJ;Jm IlEPE,nA.qr ROJIOBOPOTHOro PYXY. 

I. nane~Hi KOneca. 

BCTYn. nane"IHi J<Oneca 6yeal0Tb TpbOX OAMiH: Bi 6 n i, c Ti )I( -
Koe i i r i n e p 6 on i "I u i a6o w p y 6 o e i, e aane>Kuocri BiA Toro, lfH ne­
peAa11a pyxy BiA6yeaeTbCff Mi>K eanaMH pieuo6h1<HHMH, lfH nepexpecHHMK, 
lfH MHM06i>KHHMH. 

0CH08HOIO enaCTHBicTIO nepeAa'ii pyxy naJJe'iHHMH KOJleCaMH e CTaJJa 
·cniBKpaTHicTb Mi>K KYTOBHMH CKOpOCTSIMH o6ox BaJliB; BiADOBiAHO AO 
UbOro OCHOBa KO>KHOrO naJJe'iHOro KOJJeca Mae aaecirAH BHKpy>KeHy 
<j>opMy, a Bicb iforo CXO.IJ.HTbCSI B OJI.HO a BicCIO BiADOBiAHOro eany. 

1. a a r R JI b Hi y Ba ri-1 u~ o ~ o 3 a 3 y 6 y Ko JI i c. 

Hexaii .11.ea .11.oeiJJbHOi cl»opMH Tina I Ta II 06epTa10TbCS1 HaAOBKona 
ocepe.11.KiB 01 Ta 02 (PHC. 126) i B SIKHHCb MOMeHT AOTHKalOTbCff OAHH 

o.11eoro e TO'n.d A. Hexaii Tino I nopy­
wyeTbCR . TinoM I I-HM. BiAaHa'iMO KyToay 

· 2nn 
cKopiCTb Tina I 11epea m1 = 

60 
1

, KyTo-

. . II 2 n n2 4 ey CKOplCTb TIJJa 11epea (j)2 = --00' Ae 

ff1 i ff2 e KiJJbKOCTi o6opoTiB Ha MiHyTy. 
A, RKO TO'iKa Tina I, Mae cKopicTb v1 = 
= m1 · A 0 1, a RKO TO'iKa Tina II, cKopicrh 
v 2 = m2 • A 0 2 • Ui cKopocTi MatoTb eanpsi­
MH, CTOp'fOBi AO BiACTaHeii 01 A Ta 02 A. 

(pee. 126) BiAaHalfMO ni BiACTaHi KOpOTKO 'fepea Rl 
Ta R2 • 

Hexaii npocra N N e cninhua cTop110BHHa (uopManR), a TT cninb­
aa AOTH'iHa e To11ui A. PoaKnaAiM CKopocTi v1 Ta v 2 ea BiA6011HHH: 
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OllHY e HanpRMi N N, JJ.pyry e HanpRMi TT. JticTaueMo Bill v 1 - c1 Ta 
C1:., BiJJ. V2 - C2 Ta c/. 

BiitaHa'fHBWH qepea (>1 JJ.OB>KHHY cTop"laKa ( npRMY) 0 1 B, cnymeuoro 
a ocepeAKY 0 1 Ha N N, a qepea (>2 - AOB>KHHY CTOp"laKa 0 2 C, JJ.icTa­
HeMo Ha niACTaei DOJJ.iCiHOCTH TpHKYTHHKiB, TaKi piBHOKpaTHOCTi: 

aBiJJ.KH 

V1 V2 
c i = R

1 
· (>1 = w1 (>1 Ta c2 = R

2 
• (>9 = ro2 (>:i· 

B AaHaii MOMeHT oCiHJJ.Ba Tina JJ.OTHKaJOTbCR e TO"IUi A i TOMY c1 

DOBHHHO piBHJITHCJI a C2 ( C1 = C2), 60 C2 MOrno 6 6yTH Ciinbwe BiJJ. C1 

JIHWe TOJJ.i, KOnH 6 Tino II BTHCHYJIOCR 8 Tino I, a ue JJ.nJI THX M8Tepi­
flniB, mo ix 8BH"laHHO B>KHB86MO JJ.nR nane"IHHX KOnic (aJJ.eCiiJibWOro "18-
eyH), HeMo>Knaea pi11; T8K C8MO C2 He MO>l<e 6yTH Meuwe BiJJ. C1, 60 Tino 
nepwe nopywy6TbCJI TinoM npyrnM i TOMY He MO>l<e M8TB WBHJJ.llOro 
pyxy. lIHWa8TbCSI OT>Ke TinbKH 6JJ.HH8 MO>KJIHBicTh, mo C1 = C2, aCio 

800 

(lJ] (>2 _____; = ~. 
°'2 (>1 

nparaJJ.8BWH BiJJ.T8K, 1..QO OCHOBHOIO BJiaCTHBicTIO naJie'IHHX f<OJliC 6 
CT&na cnieKpaTHicTb Mi>I< KYTOBHMH CKOpOCTJIMH o6ox eania, ce6To 
co, • 
- =---= const, AlCTaHeMo ,,,,! 

(>2 -=const. 
'?1 

3 noAiCieocTH TpHKYTHHKie M B 0 1 Ta M C 0 2 Ma6MO 

(>2 0 2 M -=--, 
(>1 01 M 

" TOMY ii 

02 M ro1 
--=canst = -. 
0 1 M m2 

(59) 

Ueif esip eaaeaqaa co6010 o c Hoe H H ii a a Ko H a a a y 6 y: cnin&Ha 
nop"IOBHHa ABOX AOTH"IHHX 6oKie AiJIHTb ocepeJJ.KOBY nieiJO 0 1 02 Ha 
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'18CTi, Bi,IJ.BOpOTHO piBHOKpaTHi a KYTOBHMH CKOpOCTRMH, ce6ro KO>KHa 
CTOp'IOBHHa, mo npOXO,[lHTb qepea Bi,11.noei,11.ey ,11.aHiH XBHJJi cniJJhHY TO'IKY 
JlOTHKy, nepeTHH36 ocepe,11.KOBY niHilO aaecir,!J.H B Tiff caMHi TO'IUi J.V!. 

KpyrH 1 M 1 Ta 2 M 2, mo npoxo.11RTb 'lepea TO'IKY 1VJ. HaaueaeMo 
no,11.inKOBHMH; "IOMY JJ.38MO T3KY Haaey, 6y,11.e BH,!J.KO ,!J.aJJi; npoMiHHR 
QHX KpyriB OA8Ha lfa6MO qepea r 1 Ta r2. 

3aKOH aaay6y MOH<Ha me H TaK BHCnOBHTH: KO>KHa CTOp'IOBHHa 
e TO'll.ti AOTHKY ,11.eox ay6ie npoxo,11.HTb aaecir,11.H qepea TO'II<Y AOTHKY no­
AinKOBHX Kpyrie. 

0680,IJ.OBY CKOpicTb Ha otiox no.11.inKOBHX Kpyrax AicTa6MO 3 piBHO­
Baopie 

w1 ()2 02 M r2 
002 = (:>i = G;M- ~~, 

BiAKB BHXOJJ.RTh, mo (1)1 Y1 = co:? Y21 ce6TO 06BO,IJ.OBi CKOpocTi O,D.H3KOBi. 

2. 3uaxo.nmeHHH o6pIIcy. 

(pac. 127) 

Miene, Ae TO'IKB d i D 
g i A - G CTHK8IOTbCR 
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lfaCTHHa Tina, mo o6epTa6TLCR AOBKona 
oci Ou Mas oc5puc y cpopMi niHii a b c ... f g 
(pHC. 127). ni,11, qac o6opoTy TO"IKH nisi ni­
HiY o,11.ea no OAHiii npHXOJJ.HTb y AOTHK ia 
BiJJ.DOBiAH.HMH TO'IK8MH JJ,pyroro Tina, mo 
o6epTa6TbCR JJ.OBKOna Oci 0 2 • 00,11.im<OBi Kpy­
rH o6ox Tin ,11.aHo. Tpe6a aHaihu Ha ,11.pyriM 
Tini ri TO'IKH ABC ... F G, mo ni,11. 'lac 060-
poTy OJJ,Ha no 0,11.niH CTHl<3IOTbCR a BiADOBiJJ.­
HHMH TO'IKaMH (a - g) nepworo Tina. 

SIKacb 0,11.ea TO"IKa d o6pucy a - g aHa­
XOAHTbCR Ha no,11.inKOBiM Kpyai. Ha pucyHKY 
noKaaaao nono>KeHHff o6ox Tin y roif MO­
Menr, Konu Uff TO'IKa npuiiwna Ha ocepe.11.­
Koey niHilO 01 02 B TO'IKY M. 3riJJ.HO a oc­
HOBHHM aaKOHOM aaay6y, CTOp'IOBHHa B TO"IQi 
d o6pucy a - g npoxo,[lHTh qepea TO'IKY M 
,IJ.OTHKY DOAiJIKOBHX KpyriB j 0,11.HOtfaCOBO tfe­
pea TO'IKY D o6pucy A - G, mo if oro Tpe-
6a 8H8HTH. A mo TO"IKa d CXO,IJ.HTbCSI B ueii 
MOMeHT ia TOtfKOIO M, TO ii TOtfKa D cxo­
.ll.HTLCR TOJli a TOtfKOIO M, ce6ro TO"IKH d i 
D CTHKaJOThCR ea ocepe.11.Koeiit niHii. TuM 
auaiflleno OJI.HY TO'IKY D o6pucy A - G i 

CTHK3IOTbCR. Bci iawi TO"IKH o6pHciB a -
ee ea ocepe,11.Koeii 11iei'i, a no-aa ne10. 



BcaMnepeJJ. auai'i.a.eMo Ti MicuS1, JJ,e caMe CTHK3IOTLCSJ a a A, b a B, 
c a C i T. A Ueii PSIA TOlfOK eiAaHalfHMO 6yKeaMH a2 b1 c2 ••• f 2 g2 • 

JliHilO a2 - g2 HaaHB3IOTb JI i H i 6 IO JI. 0 TH I( i B. 3Haiio.iM Micue, o.e CTH­
Ka6TbCSI TO'l1<a g a G, ce6TO TOlfKY g2 • CToplfOBHHa e TOlfui g o6pacy 
a - g Mas npoxo11.HTH 'iepea TOlfKY JJ.OTHl<Y M noJJ.iJir<OBHX 1<pyrie y Toii 
MOMeHT, KOJIH g CTHK36TbCff a G. nocTaBHBWH npRM ,QO o6pacy a-g 
11 TO'lui g, aHaiiAeMo TOlfKY g 1 Ha noJJ,inKoBiM 1<pyai, JJ.e TOH npRM ne­
pt:THe Kpyr. KonH TO'IKa g1 npaiiJJ.e Ha ocepeAKOBY niHiro, e TOH MOMeHT 
To111<a g aiH.11eTLCR a TOlfKOIO G e TOlfL\i g2 • 3HalfHTh, TOlfKa g2 BiJlJJ.a­
ncHa ei,11. M Ha Bi.llcTaHb g g 1 . 3 .llpyroro 601<y TOlfKa g2 ne>KHTb Ha 
wpyai, onacaHiM a TO'"IKH 0 1 npoMiHeM 0 1 g. 3 uax JJ.BOX yMoe aHaif­
aeMo TOttKy g 2• TaK caMo aHaiiJJ,eMo ii yci iHwi TOlfKH a2 , b2 , c2 ••• ni­
ttii JlOTHKiB. 

MalO'iH TO'IKY g2, aHauo.eMo JJ.ani TO'IKY G TaKHM cnoco6oM: no­
nepme, G ne>1<HTb Ha 1<pyai, onHcaHiM a ocepeJlKY 0 2 npoMiHeM 0 2 g1 ; 

110-llpyre, CTOplfOBHHa B G o6pucy A-G npoXOJlHTb 'lepea TOlfKY M, 
wona G CTH1<aancS1 a g, a TOAi g1 CXOJlHTbCff a M; TO.lli >K caae a TOlf-
1<01<> M CX0,11.HTbCSl H neBHa TOlfKa DOJJ.iJJKOBOro i.pyry 02 M (H~aBiM n 
.:'). mo eiJJ..a.aneHa BiJl G Ha TY caMy eio.cTaHh g g1 • 3Hait.a.eMo Ti. no­
Ai.•atcoei KpyrH 01 M i o .. M niA 'lac py.xy KOTSITbCff 0.llHH no OJJ.HiM, a Qe 
Rtta'IHTb, mo ii.oe>KHHa 11y1<y d g 1 Ha Kpyai 0 1 M MYCHTb pi8HRTHCSI JJ.08-
*MHi d g1 Ha Kpyai 02 M. A TOMy, BiJlKJl8BWH Ha OOJliJIKOBiM Kpyai 
'>,. M nyK d g1 == d g1 , JJ.icTaHeMo TOttKy g1

: 3alfep1<Hyewu a TOlfKH g1 

11ytc npoMiHeM g g1' a 3 TO'IKH 02 JIYK npoMiHeM 02 gs, 8H8HJJ.eMO Ha 
m·peTHHi UHX ny1<ie TOlfKY G. noJli6HHM cnoco6oM JJ.icTaHeMo ii yci iawi 
1 o'IKH o6pucy A - C. Uen cnoci6 JJ.38 Penbo. 

l<o>1<eH ay6 1<oneca Mas JlBa 
OJlH8KOBO o6pucoeaHi 60KH (p:uc. 
I ~H). lf acnttty ay6a, mo eacTy-
11n t1 H8JJ. noninKOBHM KpyroM, Ha­
llHKil6MO Be p w I( 0 M ay6a; 'i8CTH­
uy, mo aHaxo11HTLCS1 niJl THM 1<py­
r 11M, Ko pi He M ay6a. Kpyr, mo 
npoXOJl.HTb 'It-pea TOlfl<H U, v, w, 
' t1HKHB36MO eepWKOBHM, a 
.. pyr, mo npOXOAHTb lfepea TOlfKH 
.1. '· s, t, - 1<opiHHHM. BiJJ.-
•·• :1t'HHR Mi>I< JJ.BOMa cyciJJ.HiMH ay-
'·"·" (Mi>K ABOMCl Haif6JJH>K'IHMH 
..... o~iliHHMH o6pHCaMH). BMipSIHe 
... , nonim<0BiM Kpyai, ce6To mo= 

v rv 

(pHC. 128) 

""· see Mo no Ai n Ko IO ii ei.a.aHalfaeMo 6y1<eoro t. 
lJJ Hp H Ha Me }I{ Hay 6 y 0 p DOBHHHa 6yTH TpOXH 6iJihW8 Bill r p y­

r. M tt K ay6a no, mo6 ay6 Mae o.eS11<y eonro pyxy. fpy6aHa ay6a 6epeTbCR 
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19 21 
3BH'laHHO aae6inblllKH 8 40 t, a lllHPHHa Me>KHay6y - 8 40 t ; ue ,11.m1 

aeo6po6neaax ay6ia. 511m.~o >K ay6a MalOTb 6yTH o6po6neHi, TO npoud­
JJ OK Mi>K HHMH MO>Ke 6yTH Mt:HWHH. 

l..QO,llO BHCOTH ay6ie, TO BBH'laHHO po6m1Tb ix aaBBHlllKH 8 

h = 0,7 t, 

a qoro Ha 1<opiHb npHXO,IJ.HTbCSI 0,4 t, a Ha eeplllOK 0,3 t. 

JlyKH al - g 1 Ta a 1 - g1 no1dnKOBHX Kpyrie, IUO ei,11.noeiJJ,alOTb JllHll 
AOTHKiB a2 - g2 , Ha8HBa6MO U 0 K 0 T 0 B HM H JI y Ka M H. noKOTOBHH nyK 
DOBHHeH 6yrn lUOHaHMeHwe T3KHH aae6inblllKH, SIK noJJ,iJJKa, 60 iHaKwe 
KO>KHa napa ay6ie MHXOJJ.Hna 6 a ,IJ.OTHKY paaiwe, Hi>K .npyra, HacTynHa 
napa BBinwna 6 y ,IJ.OTHK. Bi,11. l.lbOfO KOJJeca CTyKaJIH 6. l.Qo6 L\bOrO He 
6yno, poCiJISITh 3BH'i3HHO TaK, mo6 UOKOTOBHH nyK 6ya Y.IJ.806 6inbWHif 
OA no.a.inKH, a6o u me 6inhmHii. To.11.i npHHaHMHi .o.ei napH ay6ie aHa­
xo,11.S1ThCS1 aaecirAH a .noTHKy. CniBKpaTHiCTb Mi>K nOKOTOBHM nyKoM Ta 
no.niJIKOIO a Be MO T pH Bani c TIO A 0 TH Ky. 

l<o>KHe a ,II.BOX cnapoBaHHX naJielfHHX Konic UOBHHHO M3TH 1.dnKOM 
0.IJ.H3KOBy, npHCTaHHY JiiHilO .11.0THKiB, a TaKO>K pieay 838.IJ.OB>KKH noJJ.inKy. 
Koneca, mo MalOTb He TiJlhKH npHCTaHHi niaii .noTHKiB, ane Ti niHii BKna­
Aat0ncS1 CHMeTpHlfHO o6a6iq ocepeJJ.KOBOl niHii, HaaHBa6MO a a c Ty n -
H H M " a6o a 6 i p H HM H KOnecaMH. 

3. T ll C K i C T ll p a H H H 3 y 6 i B. 

THCK Ha ayo y nOO,IJ.HHOKHX TO'iK3X a2, b2, C2 ••• Ma6 HanpqM cniJlb­
HHX CTOplfOBHH da2, db2, dc2 ... l..Qo MeHWHH KYT Mi>K CTOplfOBHHOIO Ta 
ocepeJJ.KOBOIO niHi6fO, TO 6iJJbWHH THCK npuna.11.as Ha ay6, SIKIUO 3BH­
'laHHO o6opoTOBHH MOMeHT TOH caMHH. *) A 6inbwuii THCK Ha ay6 eu­
KJIHKas ii 6inblllHH THCK H~ Bicb Ta nO>KHCbKO. TaKHM lfHHOM, Bi.11.THHOK 
d- g2, IUO ei.nnoei.nas 6inhWHM KyTaM i lfepea Te MeHWHM THCKaM, BH-

' ,, ri,11.HiWHH .um1 oci ii nOlKHCbKa, Hi>K Bill.TH-
: HOK d- 02. 

: 511< BH.IJ.KO 8 puc. 127, 60KH ay6HHX 
eepw1de d - A Ta d-g npaQIOIOTh ia 60-
KaMu KOpiHiB d-a Ta d-G. EOKH KOpi-

4 HiB aaBcif.IJ.H KOpOTWi Bi!J. OOfdB BepWKO-

(puc. 126) 

•) SIKUlO einaHa'IHTH THCK Ha ay6 'lepea P, 
TO o6opOTOBBH MOMeBT 6y.a.e p~ (pee. 126). J<o­
nu u.e CT&na ee1JD'IHH8, TO ai 3MeHweHHSIM (? 

a6inbWY6TbCSI p; a (? 8MeHWY6TbCSI pa80M 3j 
aMeHWCHHSIM KyTa Mhl< p T8 01 o •. 



BHX, i TOMY BOHH MYCRTb CKOBBTH 0,11.Hi no 0,11.HHX, a ue cnony'leHe 8 Tep­
TAM i 8HOCOM ix. ~JIR BHOCY MipoAaHHHM 'IHHHHKOM 6 pi>l<HHUR Mi>I< ,IJ.OB­
>l<HHaMH o6pHciB eepwKa ii KOpiHSI i TOMY B AaHiM paai BiATHHOK d-g 
BHXOllHTb MeHwe cnpHSITJIHBHM ,IJ.nJI por>oTH sy6ie, Hi)I( BiATHHOK d-a 
(60 dg-d G > dA-da). TaKHM 'iHHOM, eaiieari,11.HimHM 6ye 6H TOH 
o(5pHC ay6a, mo ,11.ae HaHMeHWHH ,11.06yTOK ia THCKY Ha ayes Ta ,11.oporH 
CKOBBy. 

4. B H 6 i p JI i H i i .z:t 0 T H R i B. 

JliHiSI ,11.0THKiB ,11.ae MO>l<JIHBicTb OJlpaay po6HTH BHCHOBKH mo,11.0 Ji:a­
p8KTepy THCKY Ha ay6 Ta aHocy, TOMY Ha npaKTHUi BHaHa11a10Tb coOi 
H1111epeA He o6pacu ay6ie (siK Ha pHc. 127), a niHiio ,11.oTHKiB. A mo Kp}T 
' npocTy HanneKwe pHcyeaTH, TO ix i BH6Hpal0Tb Ha niHii JlOTHKiB i .o.i­
UillOTb ei.o.noBiJlHO .o.o nepworo BHD3.0.KY UHKJIOi,D.Hi aaay6H, ei,11.no­
•IAHO AO Apyroro - e 8 0 JI b 8 e HT Hi a a a y 6 H. 

5. U HK JI 0 i .z:t H H 1:t 3 a 3 y 6. 

Konn B'RTH aa mHuo .O.OTHKiB rcpyr, 
TO 60KOBi o6pHCH ay6i B /l,icTalOTb 4Jop­
• Y llHKJIOl.O., mo DOBCTalOTb OA KO'ieH­
"" Kpyry AOTHKiB no no,11.iJIKOBOMY Kpy­
•I, aeepxy i B cepeAHHi iioro. Kpyr 
AnTMKiB BBeMO qepea Te D 0 K 0 T 0 B HM 
1tpyroM. Jliuii o6pucie pucyeMo TaK 
I ANH. pHC. 129) : 

Konu KOTHTH noKOTOBHH Kpyr I 
110 noJJ.inKoeoMy Kpyai T1 e HanpsiMi, 
••UltlR'leHiM CTpim<OIO, TO TOtfKa d aa­
·u·p1<He 6oKOBHH o6puc I KopiHR ay6a 
•OJICCR M1; KOJIH )I( KOTHTH TOH C3MHH 

. .-

•atyr no noAimcoeoMy Kpyai T2 , TO TO'I- (pac. 129) 
•• ,/ aaqepKHe 60KOBHH o6pHC 2 eepw-
"" "y6a 1<oneca M2 • SIKmo nicm1 UbOro KOTBTH noKOTOBHH Kpyr II ~ 
..... ,,. •• i, noKaaaHiM .o.pyroIO CTpiJIKOIO, cnepwy no DOKOTOBOMY Kpya1 
I, " noTiM no T 2 , TO ei.IJ. nepworo pyxy JlicTaHeMo 6oKOBHii o6pac 4 
..,.puuca ay6a 1<011eca M1, a BiA ,11.pyroro - 601<oeaii o6pac 3 1<opiH>t 
11yt\n 1eoneca M2 • 1..Qo6 BHpucyeaTH noeeHii ay6, eiAKJiaJ1at0Tb rpy6uey 
Into, BHcoTy KopiHR n eepwKa i ei,11.TaK pacyIOTb ,11.pyrai o6pac iioro, 
l ••npH'iHO a nepwHM 06a6i11 cepe,11.eboi nieiI ay6a (no,11.inKy t 0611ac­
••.-nth cnoco6oM, JJ.3HHM e ycryni 7). 
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nicnR UhOrO BHRCHIOIOTb, RKY BeJIH'IHHY Ma6 THCK Ha ayo, TpHBa­
JJiCTb aaayoy Ta CKOB8 Mi}I( ay6aMH, i B paai noTpe6u BH6Hpal0Tb iHllli 
DOKOToHi Kpyru H HaHOBO BHp~COHYIOTb OOpHCH ay6ie. ){OB}l(HHY aaay6y 
cde .11.kTatOTh, nepeTRHUIH H c 1 a e llOKOTOBi Kpyrn eepWKOBHMH Kpy­
raMH ayt'liH. p, 16o'ii HillTHHKR o6pude Ha KopiHSIX ay6ie .11.icTat0Th, nepe­
TABWH ui o6pHCH B I Ta g KpyraMH, OUHC8HHMH R TOlfOK Ml Ta M2 i 
opoeeaeHHMH 'iepea Kpai1Hi T11'11<H c i e niHii .11.0THKis. Po6o'ti lfacTi 06-
pecie no,.,aaaHo Ha pucyHKY rpyomHMH niHiRMH. CTpiJIKH P 1 Ta P2 oa­
aa11a10 rb KpaHHi HanpHMH THl'KiB Ha ay6u. 

Ma .j OOKOTOlii Kpyru ll810Tb MeHmy Jl.Opory CKOBay, l'io o6puc KO­
piHSI HHXllllHTb TOJli 6iJihllJHH, a11e p 1 Ta P2 BHD3ll3f0Th aaHaJlTO eenu­
KHMH, a KpiM Toro MO}l(e CTaTHCh, LUO H JlOB)l(HHa niHii llOTHKiB BHU8Jle 
aaMetna Tpe6a aamtMHTaTH co6i. HK npaenno, mo eci lfHHHHKH aaay6y 
BHXOJlSITb aae6iJlbUJOro TOlli H8HKraWHMH, KOJIH Kpai1Hi HanpHMH THCKiB 
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(~BC. 130) 

P1 Ta P2 TBOPHTb ia 
11iHi6K> ocepe,1ude KYT 
75°. 

6. E B o JI h B e H T n u ii 
3 a 3 :v 6. 

Konu niHiSI JJ.OTH­
Kie s npocTa, TO 06-
pHCH ay6iB MalOTb TOid 
<IJopMy esonbeeHTH. Jli­
Hita .11.0THl<iB yKna11.at0Tb 
a.11.e6i11bmoro nill KYTOM 
e 75° no niHii ocepell­
Kie. 06puc ay6a BHpH­
coeyt0Tb Tal<HM 'IHHOM: 
onucyt0Tb ia M1 Ta M2 
(puc. 130) Kpyru G1 

Ta G2• nont'IHi llO ni­
Hi"i JlOTHl<iB y TOttKax 
A i B. Ui Kpyrn Ha­
au ea6MO 0 c H 0 B H H­

M H. PorffopTalO'lH npo­
CTY AB Ha Kpyrax G1 
Ta G2, nkraHeMo 06-
pHCH edf Ta gdh. 06-
pHCH KOJ.iiHiB no- aa oc­
HOBHHMH KpyraMH MO­
)l(Ha npO,llOB>I-yea TH B 



HanpAMi npoMiHeBoMy. l<OJJH npoMiHb O,llHOrO a DO,lliJJKOBHX Kpyrie 6ea­
KOHe'iHO BeJJHKHH, te6TO KOJJH aaMiCTb OJIHOfO a KOJJiC M86MO ay 6 'la­
c TH H c T pH )I( e H b, TO o6pHCH iioro ay6ie npOCTOJJiHiHHi i CTOp'loei llO 
JJiHii .U.OTHKiB. 

7. 0 6 '1 H c JI e H HSI a y 6 i B. 

Bi.o.aHa'IMO qepea 

,. cm - npoMiHb DOAiJJKOBOro Kpyry, 
t cm - noo.inKy, 
,, cm WHpHHY ay6a, 
/1 cm -- BHCOTY ay6a = 0, 7 t, 
.r cm 
,. kg 

" N 

rpy6HHY ay6a a.o.oe>K no,idnKoeoro Kpyry, 
THCK Ha ay6, 
'IHCJIO o6opoTi B Ha MiHYTY' 
KiJJhKiCTb nepe.o.aeaeux KOHen. 

51Klll0 MaTH ea yeaai BHKJllO'IHO MiQHicT,b ay6a, TO YMOBOIO uisi 
MiUHOCTH 6y.o.e 

p =kb t, *) (61) 

ar nm• cniBlfHHHHKa k, B paai lfBBYHHHX KOJJic, MO>KHa B cepe,!J.HbOMY 
ftpa TH 21. TyT npHHMB6TbCR, lllO b < 2 t. 51Klll0 )I( 8 RKHX He6y,D.b npH­
'tH ,llOBO,llHTbCJI 6pa TH b > 2 t' TO k Tpe6a TO.D.i 06lfHCJIJITB ai eaopy 

k < 21 . ~t. (62) 

KonH, Hanp., b = 4 t, TO y eaopi (61) Tpe6a enpoea,llHTH k < 10,5. B TiM 
'"'"'· KOJIH CTHpaHHSI ay6iB MO>l<e 6yTH 8H8lfHHM, RK OT y KOJiecax poa­
' 111y>1<HHQb Ta norOHOBHX, ce6TO B TaK aeaHHX po60lfHX KOnecax, TO 

•) l..{eH Baip BHBO,llHTbCA T8K: cuna p (pee • 
• ·'I) H8M8r86TbC!il Bi.QJJ8M8TH ay6 Kono ni­
........ ,. ltoro rHy'IHM MOMeBTOM Ph. MoMeHT 

1 
.. ,.nnpHOCTH sy6a opOTH reyTTA 6yAe5bs11

• 

~ .. 110 kb s 6eaoe'iHt aaopy>KeHHSI reyTTA, 
1 

rn / ·11 == 6 b s1
1 kb . 3 ornAAY ea Te, UlO 

.... 1\1.11 .. woro h = 0,7 t, s1 = 0,55 t, aaMicT1a 
*-'« UMHl»OY piBHOCTH, M8THMeMO p • 0,7 t = 

~ ,, (0,55 t)1 kb , BBiAKB p = b t . ~: , a6o 

kb 
' - '' t k, Ae k = 14 • (pnc. 131) 
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MipoJJ,aHHHM 'IHHHHKOM JJ.nJI 0611acneHHSI ay6ie yme He MO>l<e 6yTH O,llHa 
narneub MiQHiCTb "ix. B Ta1<ax eunalJ,1<ax, ari,11.Ho a JJ.YMKOIO Baxa, 6epyTb 
Ami k eenu11atty, mo eana.11.aa ai eaopy 

(63) 

RKinO o6nJJ,ea Koneca qaeytttti. TyT n oaHatfaa tfHcno o6oporie Ha Mittyry 
BiJJ.noBiJJ.Horo Koneca. Hanp., JJ.JISI n = 196, BHXOJJ.HTh k = 6. 

SIKlUO ay6a OJJ.Horo Koneca JJ,epeestHi, a Jlpyroro tfaeytttti, TO Jlnff k 
Tpe6a 6paTH npa6na>KHO 0,4-0,5 Toro, mo Jla6 eaip (63). 

tlm1 eeonheeHTHHX aaay6ie 6epeTbCSI k, ocKiJihJ<H MO>«Ha, me MeHwe. 
Kone ay6a MalOTb 6yTH JJ.y>«e JJ.06pe o6po6neHi Ta 6y.lle einnoei.ll­

HHH JlOrnstJJ. aa 1<onecaMH i'i Hane>1<HHMH JlO Hnx JIO>KHChKaMH, TO Bax 
pa.IUITb 6pa TH 

k = 20 - __!_ v:-
2 ' 

(64) 

SIK JJ,nff tfaByHHHX, TaK i JJ,nSI JJ,epeBSIHHX ay6ie. 
SIKlUO, aaMicTb THCKY ua ay6, JJ,aHo 06opo1oeuii MOMeHT M e kgcm, 

TO t 06tfHCnl06MO ai eaopy 

3 

V
-----

2n * t= , k·M) 
1/) • z . 

(65) 

Sl1<mo >K nepeJlaqa aa.11.aHa KinbKicTIO KOHeif N Ta KinbKicTIO n 060-

poTie KOneca ua MiHYTY, TO 

3 

t = 10 v-4-5_0_. ___ N. **) 
1/Jzk n 

(66) 

*) BaxonaMo ei Hsopy P = b t k, aacTynuewu e HiM P 'lepea M. 3a-ansi 
PD 2M 

u,1>oro 6epeMo -
2
-- = M, eei,111<e P = D; 11 !> = t z, ne z oaHa'iae Kin1i1<ic11> ay-

t z 2Mn . 
Oie ea r<oneci; aeinu,e D ==-:;-; b = 1/J t, a TOMY -- = 1/J 11 k, aa1,111<u 

,~ t z 
s 

t = v-1/J-2-zn_k __ il-1. 

Pi• 
**) BeeoneMo ai eaopy P = b t k. 3a-nnsi llbOro 6epeMo eaipeu,b IOO. 

75 
= N, 

• 11Dn ztu 
ne v - o6eonoea c1eop1cT1» B cm; v = ----00- = - 00 -; b = 1/J t. Basiawa ue Ha y aary, 

3 

. N . 100. 75. 60 k i tO lf 450 ---N 
AICT&BellO = 1/J 12 

' ae ,llKH t = --k -. 
Z t 1l 1/J 6 II 
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Y eaopax (65) Ta (66) z oaaa11ae KiJibKicTb ay6ie, a 1JJ - cnieKpaTb 
b ... . . 
t , SIK ue B>l<C H DOKaaaHO B DIJJ.yBaaJ. 

ill H pH Ha b ay6ie 6epeTbCSI : 

AnJI naJie'lHHX KOJiic TSl>l<HHKIB 1 eaarani CHJIOBHX KOJlic b = 2 t, 
AJIR 8BH'l3HHHX KOJiic poaraJ1y>1<HHQb b = 2 t JJ.O 3 t, 
AJISI lly>1<e 06TS1>1<eHHX norOHOBHX KOJiic b = 3 t AO 5 t. 

I{ in b K j c T b ay6ie JJ.JISI CHJIOBHX KOJiic 6epeTbCSI He MeHwa Bill. 10 
AO 12, lJ,JISI norOHOBHX I<Onic ue MCHWa BiA 24 AO 36. J.n0 6iJibllle ay-
6i B, TO CDOKHiHiWHH XiJJ.. 

l.f H c n 0 n e p e A a 1f i DOBHHHO 6yTH, OCKiJibKH MO>l<JIHBO, uinHM: 
2 : 1, 3 : 1, 4 : 1, 5 : 1, ... )lm1 KOJiic Tst>l<HHKie ue 11ucno He 6epyTh 6inb­
IUHM Bill. 10 : 1 ; AJISI noroHOBHX KOJlic - He AaJii 5 : 1 AO 7 : 1 ; B paai 
11~nHKoro 'fHcna o6opoTiB 6epyTh He 6inbme 5: 1, 60 iHaKme yMoeu aa­
Ky6y BHXOlJ,SITb Ay>1<e HeKOpHCHHMH. l<onu TUCK ua ay6u nepioAH'IHO Mi­
HN8TbCSI, To eu6npa10Tb nepeita11y 2: 3, 2: 5, a6o 3: 4, 3: 5, a6o uanp .. 
w: 45, 23 :48. 

8. B II 6 i p JI i H i i ,lJ; 0 T HK i B. 

EeonbBeHTHHH aaay6 _npocTiWHH i neKwe i:ior<;> BHKO~yeaTH, Hi>I< 
llMICJIOl,11.HBH; OKpiM Toro, BIH npaBHJlbHO npaQI06 HaBJTb TOAJ, KOJIH niA• 
aaneHHR Mi>I< OCRMH KOnic He piBHR6TbCR ai cyMOIO npoMiHiB DOJJ.lJIKOBHX 
wpyrie. Yepea Te Qboro aaay6y Tpe6a e>1<ueaTu e napoeoaax ay6ttaCTRX 
aanlHHHQb, y BaJibQOBHSIX, B nepeMiHHHX KOJJecax TOKapoK, TO m.o. Ane 
1 1pyroro 6oKy UHKno'fAHRH aaay6 Mae TY nepeeary nepell eeonbeeHT­
"••, WO B HiM OllHHH'IHHH THCK ua ay6u BHnaJJ,a6 MeHWHH, a TOMY Ti 
1yt\M He TaK CTHpa10TbCS1 i itoeme npau1010Tb. Ta npoTe e>1<HBaum1 no­
w nolAHOrO aaay6y Bee 6in&UJe aMeHWY6TbCSI, SIKIUO nopiBHSITH a THM, RK 
f\y :10 paaime. 

9 0 C 0 6 JI II Bi <f> 0 p M JI 3 y 6 i B. 

a) C Ti >1< Ko e i Kone ca. B QHX 1<0J1ecax ay6H MalOTb He 6pycKoey 
t ,.,,MaMarHttHy}, a cnycKoea1y «j>opMy. TyT, aaMicn neox ei6en, KOTSJTbCR 
0 AMH no OJlHOMY JI.Ba CTRTi CTi>KKH I Ta II (pHC. 132), m.o ix oci OH 
"1 ( )(; nepeTHHalOTbCSI B TO'lUi o. 3y6u o6ox CTi>t<KiB BHTOH'fYIOTbCSI 
• tUlnpRMi AO Qi6i TO'IKH. 

ay6H CTi>t<KOBHX KOJiic BHPHCOBYIOTb 8BH'l8HHO TaKHM npH6JJH>KHHM 
' 11ucot50M: pncylOTb JJ.OA8T1<oei CTi>KKH EA B Ta F BC, T8K m.06 lx Teoptti 
I ,, TB F B HWJJH CTOp'I JJ.O TBOp'lOi 0 B OCHOBHHX .:Ti>KKiB ; Bi,llT3K poa-
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ropTalOTb AOAaTKOBi cri>1<KH B nJIOUJ.HHi pHcyttKy, onHCYIO'iH AnH U.bOro 
Ha,aoKoJla E Ta F KpyrH npoMiHSIMH EB Ta F B. Ui KpyrH npHiiMalOTb 

aa DOJJ,iJIKOBi Kpyru JI.BOX Bi6JIHX KOJlic. no­
AiJIKa BiJJ,KJJaJJ,36TbCSI, OlleBHJlH3 pill, Ha .11.iH­
CHHX no,1J,iJ1KOBHX Kpyrax AB Ta BC. 061JH­
CJ110BaTH )I( Ii Tpe6a ia cepeAHiX UO,IJ,iJIKOBHX 
Kpyrie QR ra RK. l{JJSI cri>KKOBHX KOJ1ic 
ymHBalOTb eBOJlbBeHTHHX i QHKJIO'iAHHX aa­
ay6ie. 

b) Bi6ni KOJJeca 3 KOCHMH Ta KY­
T 0 B HM H a y 6 a M H. 3y6H CH.D.SITb Ha OCHOB­
HiM ei6JJi KOCO, SIK Hapiah Ha rnpy6i, a B TaK 
aeaHHX c T p i JI b lj a c TH x K 0 JI e ca x CXO,llSl­
TbCSI no- cepellHHi Bi6na ni ri KYTOM, TOMY i1 

(pee. 132) HaaneaaMo ix KYTOBHMH. Koneca a TaKHMH 
ay6aMH BiA3Ha ll3IOTbCSI JlOBrOTpHP3JIHM aaay-

6oM, a &:Jepea Te if cnoKiHHHM xo.o.oM; onpi"I Qboro ix ay6H MalOTb Be­
JIHKY Mi~HicTh, nopiBHIOIOllH ai aBHtiaHHHMH ay6aMu. B crpiJJbtiacTHX 1<0-
necax neMaa aoeciM ocboeoro rncKy Bill aaay6y. 

KonH YSIBHMO co6i B TaKiM KOJleci nepepia, CTOp"IOBHH JlO uoro oci, 
TO no6atfHMO TaM 8BHtfanHy Kapnrny aaay6y Bi6JJHX KOJJiC. l(JJSI MO>KJIH­
BOCTH ii apy"IHOCTH «j>opMyBaHHSI Kocoay6HHX KOJiic, KYTH Hax1rny 'ix ay-
6iB Jl.O oci KOneca He UOBHHHi nepeXOJ(HTH aa ne1my HOpMy; ocraHHSI 
aane>KHTh on npoMipy KOJ1eca. 

c) CnHMaK i CJIHMaKOBe KOJ1eco. OchOBHH nepepia CJIHMaKa 
Mas BHr JISIJl ay6tiaCTOfO CTpH>KHSI, a cepeJJ,HiH nepepia ( CTOptfOBHW JJ.O oci) 
CJIHMaKoeoro Koneca - enr JISIA ei6J1oro KOJ1eca. llm1 Hux HaHKpawe 
B>KHBaTH eBOJlbBeHTHOfO aaay6y. 

d) r in e p 6 o JI i tI Hi Ko JI e ca (itm1 MHMo6i>KHHX oceu, mo npoxo­
ARTb onHa ni.11. Jlpyro10 nil pi>KHHMH KyTaMu). OcHOBHOIO fjlopMOIO ~Hx 
KOJ1ic 6 BHKpy>KeHHH rinep6ono'{Jt. Bapi6 'ix 06xo.rxurbcS1 AOporo; nepe­
Aatfa ein6ysa6TbCSI ai aHatfHHM repTSIM, a TOMY 1<011eca rnBHJlKO CTHpa­
(()TbCSI. Haii6iJ1hWe ocTaHHSI o6crasHHa cnpHtIHHSl~TbCSI AO roro. mo u.i 
KoJ1eca He M3IOTh WHpoKoro Bll<HTKY e MarnnHoeiM 6y.11iBHHU.TBi. Ix y>Kn­
BalOTb JIHWe JJ.JJSI nepeJlatfi pyxy. 

e) He K p yr JI H x Ko JI i c y>1<Hea10Tb JJHrnettb y cpopMi ei6irnx 1<011ic 
y THX BHUal{Kax, KOJIH rpe6a M3TH MiHJJHBY Kyroey Cl<OpiCTb. Ane ii. ui 
Koneca cJ1y>KaTb a,ae6inhrnoro rinhKH JlJJSI ·nepena"ii pyxy i TOMY TaK caMo 
MatOTb HeBeJIH'IKe 3Ha'tiHHSI 8 M3lIJHHOBiM 6yniBHHU,TBi. 

II. HarMcKoai Koneca. 

060.11.a ~ax Konic ae MalOTh >KaJJ.HHX ay6iB. Pyx OA Koneca ua K0-
11eco nepeAa8TbCSI a JJ.ODOMOfOIO TepTR Mi>K HHMH, a TepTSI u.e DOBCTa6 
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BiA o6oniJILHOro HaTHCKY Mi>K KOJiecaMH. l<ona Bi.D.aHalfHTH 'lepea Q CHny 
Qboro HaTHCKY B kg. 'lepea P o6eo.o.osy cany, mo iY Tpe6a nepe.o.aTH, 
11epea µ, - cniBl.fHHHHK TepnI, TO MaT.HMeMO : 

I - .o.mr B i 6 Ji H x HaTHCKOBHX KOnic 

p < µ, Q, (67) 

2 - llJUI c T-i )I( K 0 RH x KOnic ia KY TOM CTi>K­
ICOBoro rHia.o.a e 2 a (pac. 133) 

p < Q. . µ, *) (68) 
- sm a + µ, cos a 

B llPyriM paai no1pi6tta MeHwa cana Ha­
TMcKy ( Q), Hi>K y nepwiM. f nH6HHf e niHKH po6-
nATh He 6iJibWY Bill 10-15 cm, 60 iHaKrue Ha­
TllCKOBi noeepxHi CHnbHO CTHpalOTbCSI, a 'laCOM 
OOISCTa6 H CHJlbHHH Harpis ix. 

B cyTi petti HaTHCKOBi KOJteca 6 He mo iHWe, 
MIC H3THCKOBi ny'IHHKH, ane B KO>KHiM paai nyttHH­
ICM Ay>Ke He.D.OCKOHani. Ix y>1<uea10n xi6a TiJihKH 
TBM, ,D,e 'lepea mo He6y.llh He MO>KHa ,II.ant 8BH­
'IHAHOi nane'IHOI, nacoeoi 'IH JIHHBoeol nepe.o.a'fi, 
-~o ,Ile Tpe6a MaTH MO>KJIHBicTb y KO>KHY XBHJllO 
IUHH.llKO ff nerKO Jlf'IHTH Ta poanyqaTH BaJIH. 

B nepe.a.atti CTeeettca, mo CKJia.D.a6ThCH a ei6-
llHX H8THCKOBHX KOJiic, ,ll.36TbCSI Mi>K KOJieca KiJib­
.. , a peMiHHoro nacy; ue 1<i11hue o6iifMa6 co6010 
Ml'HUJe KOJJt'CO i Ma6 npoMip 6iJibWHH O.D. npoMipy 
toro Koneca (pHc. 134 ). 

c • (1 i .n;, K 0 JI 0 ,n; l! u; H I1 p a M e H a II a. ."1 e \{ I-I P- x 
l~OJiiC. 

06i.D. nar.elfHOro Koneca po6HThCSI 8BH'l3HHO 
•AHrpy6ruKH B 0,5 t (pac. 135). fpy6HHY KOJIOJlHUi 
• •iCL~i, ocna6neHiM KJIHHOBHM >KOn06KOM, 06'fH-
' JUOIOTb ia .ll.ODOMOrQIO eaipuR 

(pHC. 133) 

I 
I 

(puc. 134) 
•) Ueii eaip BHBOllBMO TaK: Q = 2 R sin (m+(>), Ae (> - e KYT TepTSI (tg !! = 

"); BiL160'IBBB cane R, CTOp'fOBa AO ooeepxHI CTblCKB, e R cos(>; U.R cena BB­
• ·••ne TepTR µ, R cos (!, a TOMY P = 2 µ, R cos (> = 2 R sin(>, aaiAU.B 

sin(> µ, 
p = Q ·sin (a+(>)= Q ·sin a+µ, cos a' 
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.u.e d 08Ha'lae npoMip BHTO'iHHH (JlipH) B KOJJOAMU.i, a aHa'iHlh i npoMip 
eany, a d0 Toii npoMip Bany (a JJHToro 'IH cnorpietroro aaniaa}, mo hH­

(pee. 136) 
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xo.o.HTb ai eaopy 

1 
Md= Pr= kd · 5 d0

3
• 

/(OB)f{HHa J<OJJOAHU.i 6e­
peTbCff 8 Me)f{aX 

L = 1,2 d - 1,5 d i 6inb111e, 

a6o L > b + 0,05 r. (68b) 

Tpe6a naMRTaTH, mo 
JJ.OBWa KOJJO.Q.HIJ.ff M36 nepea 
KopoTWOIO TY nepeeary, mo 
6inhrne aa6eane11ye 1<oneco 
BiJJ. KOCOl HaCaJJ.KH HOro HS 
ean niA qac 38KJIHHIOBaHHff. 

Jlosri KOJJOAHU.i JlOCHTb 
'laCTO po6JJffTb nycTOTiJJH­
MH B cepeJJ.HHi (pHC. 136). 
)lOB)f{HHa KO)f{HOY o6TO'leHOi 
'13CTH KOJJOJlffl.li DOBBHHa 6y-
TH 

(68c) 

l.JHCJJO paMeH 8 cyuiJJh­
(pHC. 135) 

HHX Konecax 6yeae aBH'laii­
HO BiA 3 .u.o 6. 3oeciM Mani KOJJeca .BHJJHBalOThCff 
noeHOKPY>KHHMH. Jlns1 0611HcneHHff KiJJ1>1<ocTH i paMeH 
KOpHCTYIOTbCff eaopoM 

(68d) 

npoMip DOAiJJKOBOrO Kpyry B mm. Jlnst 

.. 1 v-CKJJaJJ.aHBX KOJllC l = B JJ. 

WHpHHY h paMeHa o6'1HCJJJ06MO, BHXOAff'IH a rHy­
'fOro MOMeHTY Py i npHiiMalO'IM, UJ,O ueii MOMeHT 
o6Tff>Kye nHwe 'leTBep1y 'lacTHHY ecix paMeH. Bi.u.-



IJOBiaHO .11.0 no1<aaaHHX Ha pHCYHKY BiJl3HatteHb MaTHMeMO 

i h1 h2 

Py = kb· 4 · -
6
-, 

h 
a6o B8SIBWH, Sii< ue 3BHlf3HHO po6HTbCff, /i1 = S' AiCTaHeMO 

Py= kb· -
1
; 0 · h

3
, 

HBiJlKH 
J 

h = v-1.2-ko-.-P-y. 
i b 

4 
IUHpHHa paMeHa npH 060.a.i 6epeTbCSI aae6inhWKH e 5 h. 

(68c) 

n pH Kn a ]J... 06ttHCnHTH nanettHi J<Oneca JlJlff nepeJJ.a'li N = 150 
tcoHeH; qucna o6oporiB Konic - n1 = 500, n2 = 100; b = 3 t ; kh = 
· "" 450 kg/cm 2

• 

Ha-caM-nepeJJ. BH6upa6MO KinbKicTb ay6ie Anff MeHworo Koneca. 
Am• noroHoeux Konic ( ci1y>1<arb AnSI nepe]J..a'li po6oTH if o6epTaIOTbCff ai 
"Hl'IHOIO o6BOAOBOto CKOpiCTIO) KinbKicTb ay6ie He DOBHHHa 6yTH MeHwa 
llA 24. BepeMo ue ttucno. L(nsi 6inhmoro Koneca npunaAas TaKHM lfHHOM 
Z --= 120 ayflie. 

Maroqu 1CinhKicTb ay6ie, MO>l<eMo e>1<e o6qucnHTH aenHlfHHY noAiJIKH: 
3 

V-, 5-0-45-0--14 
t = 10 500 . 3.24 . 450 = ""3,97 cm = "" 12,5 n mm. 

nicnH QbOrO 06'lHCnl06MO npoMipH KOnic: 

n · d = t · z = 12,5 n · 24; d = 12,5 · 24 = 300 mm; D = 300 · 5 = 
= 1500 mm. 

WapHHa ay6a b = 3 t ="" 120 mm; BHCOTa ay6a h = 0,7 t = 
"' 28 mm. BpHHM810lfH rpy6HHY ay6a B 1<opiHi s = 0,55 t = 22 mm 

( IOH8 CT8HOBHTb 88HlfaHHO 0,55 t - 0,65 t) i 061iHCnHBWH CHJIY THCKY 
H• ay6 

N · 75 · 60 · 100 150 · 75 · 60 · 100 
p = d - 30 500 ="" 1440 kg, n · · n n · · 

nrJ>eBipHMO rnyqe Hanpy>1<eHHSI 8 I<OpiHi ay6a: 

p . h =--= _!__ . b . :.i • k aBi,llKH k = p h . 6 =--= 1440 . 2,8 . 6 
6 s b' b b s2 12 . 2,22 -

= ""420 kg/cm2 < 450 kg/cm2
• 
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III. noriH nacaMM M TRrnRMM. 

1. 3 a r a JI b Hi y Bar If. 

X1iemu nepeAaTH a AOno.Mormo naey lfH S11<oro Heoy.llh TSJrnSJ (Mo­
ryaa, JIHHBH, TOl.l\O) euny p 3 OAHOro Koneea 01 (pHe. 137) Ha llpyre 
0.1. rpe6a nonepeAy TOH nae ttH rsirenb TaK 1yro HanirHyra, mot5 Mi>K 
HHMH H o6onaMH KOnic noeeTanO noTpi6He AJISI nepena11i repu. 

s. 

SIKlllO Koneeo 0 1 o6epraaTbeR e noKaaa­
HiM e1pinKot0 HanpRMi, To "laCTHHH BD Ta AC 
naey ttH TRrJIR H38HBS6MO n 0 r 0 H 0 B 0 IO Ta no­
p y lll H 0 IO, a6o pyx 0 A a H H 0 IO Ta pyx 0 6 M­
H 0 IO, a6o Hapewri T SI ro B 0 IO Ta TR r He H 0 IQ. 

O'ieBHAHa pill, mo HaTSJr S1 e noroHoeiH 11a­
eTHHi naey UOBHHeH 6yTH 6iJibllJHH, RK HaTSlr 
S 2 e nopywuiii qacTHHi, i eaMe Ha erinbKH, mo6 

S1 -S2 = P. 

KonH TepTR Ha o6oll,ax 1<onic He AOCHTb eenu­
Ke, To naeu ii TRr ni nottHHalOTb c1<oeaTH; ue 
RBHl.l\e noeeraa UJBHAqe Ha MettwiM KOJieci 02, 
60 TYT nae o6iHMa6 MeHlllHH nyK ( «2 < «1)· 

B nepexpemeHHX naeax (tta pHe. f37 ui 
(pee. 137) naeH DOKa3aHi ypueqaeTOIO, npy>KKOBaHOIO ni-

Hi610) o6oll,oee Teprsi l!IHXOlJ.RTb 6inhwe, 60 nae 
ia TOIO eaMOIO eanoIO HaTSJry o6iHMaa TaM 6inhrni nyKH. Ane nepexpe­
tQeai naeH 11.aIOTb eiJJ.eopoTHHii aan(lRM 1<py>K6H. Ix Y>KHB3IOTb y BH· 
KJllO'lHHX BHOall,Kax. 

Cuny P Ha 060.0.i Koneca, nepell,aeaHy nacoM ia nonepeqHHM nepe­
piaoM f' MO>KHa 88SIS3TH 8 THM nepepi30M T3KHM eaopoM 

P=kf, (69) 

.11.e k oaaaqae eenH'lHHy, aaJie>1<ay BiA .uoaeoneeoro eanpy>KeHHR peMeifIO 
aa poarstr, BiJl Kyra o6xeary a2 , ei.u o6eop,oeo'i c1<opocTH i HapernTi hi.ll 
cniBlfHHHHKa TepTR Mi>K peMiHeM Ta KOJJeeoM. 

Cana HaTRry nacy 11a TRr nsr o6rsr>Kya o6BABa eanu ii BHKJJHKae 
a .aux rHyTTSI. Mo>KHa npHiiMaTH, mo e aeuttaiiaHx yMoeax npaui Ta 
cana craHOBHTb Kono 3-4 P. Konn >K naeu moiiHo HaTRrnyro, a6o 
KOJIH ix HaHOBO niATRrHyTO, TO a ornR.UY Ha eHJJhHiUJHH HaTSlr Tpe6a TY 
CMJJY OQiHIOBaTH BBute, npH6JJH>KHO Ha 4-6 P. 

B nepe.11aqj pyxy peMiHHHMB nacaMH norpi6HHH JJ.JJJI Toro THeK Ha 
o()o~ax KOnic BHTBOpt06TbeR npy>KHicTIO peMeHIO, B nepellatti )I( JIHHBaMH 
(APOTSIHHMH MOTyaaMH) TOH rneK BHTBOpl06TbCR BJJaCHOIO BarOIO JIHHBH, 
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mo Mae seu'ianHo eenu1<y .n.oe>1<HHY ii aeucas Ha eaip ,,euc;1oi niHi"i". 
MO)l(Ha iue TpeTiM cnoco6oM BHKJIHKaTH 00Tpi6HHH THCK - a AOOOMO­
roJO Ha n SI JI h H H x K 0 JI i lU a T. 

noriH KOHOnnHHHMH H 6aBOBHSIHHMH MOTyaaMH MO>t<Ha 883}{ aTH aa 
lUOCh cepeJJ.H6 Mi)I( Tillbl<H lUO ara,n.aHHMH norottaMH, 60 B HHX THCK Ha 
Koneca BHTHOpl06TbCSI DOlf3CTH npy)l(HiCTIO THX MOTyaie, a 00lf3CTH ea­
fOIO ix. 

2. TI or i H 11 a ca M H. 

nacH po6JISITb 8Ae6iJihlllOfO 3 peMeHIO; piJJ.'ie a tyMH, 6aJiaTy, Bep­
~mO>t<Oi wepCTH Ta 6aBOBHH ; piAKO TaKO)I( y>t<ueatoTb oacie ai CTaneeux 
npi'IOK. 3' QHX OpH'iHH OOAaHHH Aani OOHC 6yAe opHTO'feHHH y oepwy 
ronoey AO peMiHHHX oacie. 

PeMiHHi oacH Tpe6a po6HTH a nauniowoi eonoeoi noxpe6eTHHH 
( ce6TO ai WKypH, mo DOKpHBa6 xpe6eT). KopOBSl'la WKypa 6inbW TeH­
niTHa, 6nariwa, a TOMY He Mae noTpi6Hoi Mil.\HOCTH. TaK caMo u no'le­
peeuHa Mano opH.ll3THa AJISI uis'i MeTH i Tpe6a ii yHHKaTH. 3 ornsrJJ.y Ha 
06Me>1<eHy eenH'fHHY w1<ypa ooGAHH\fHH peMiHHHH nae MO)l(e MaTH Han­
~iJiblllY WHpHHY B 400-500 mm i rpy6uHy e 4-8 mm. Mo)l(Ha OJJ.­
tta'le po6HTH nacu a.o 1200 mm aaewupwKH i HaeiTb wupwi, ane To,n.i 
Tpe6a oia.cunt0eaTu ix 6oKOBHMH niJJ,mHBKaMH. Konn rpy6uHa 006.llHH­
'' )fO nacy He BHCTap1ta6 JJ,nSI nepe.lla'fi .llaHOi CHnH, TO 8)1(H8al0Tb 00.ll­
Hi'IHHX nacie. 1..Qoa.o cnony'feHHSI oaCOBHX KiHQiB AO-KYDH, TO ninwe ix 
n<net0eaTH Ta cwueatu, Hi>K cnonyi:faTH aaniaHHMH aaMKaMn-aaminKaMH. 

Jlnsr o6'fncneHHSI BHMipie oacy, a.llaTHoro nepeJJ,aBaTH AaHy cuny P, 
H1tXO.llHMO ai eaopy (69), ane a ornsr.lly Ha Te, mo eenHlfHHa k He .Mome 
oyrH AOKna.llHO BH3Ha'feHa~ TO 6eane'IHHH o6TSl)I( peMeHIO npHTOlfYIOTb­
llC .uo 1 cm2 uonepelfHoro oepepiay, a .llO 1 cm wnpRHH nacy. rpy6u­
ua m nacy He 6epeTbCSI Ha yeary, i Haii6inhllle qepea Te, mo naca a nin-
11101 noxpe6eTHHH aaerpy6wKH e 0,5 cm (a.u.e6inhworo) nia. 'fac WBH.IJ.­
"''ro pyxy MO)l(YTb BHJJ,epmyeaTH T3KHH C3MHH o6TSl)I(, SIK MeHW 0,IJ.HO­
\' rllllHHH 60KOBHH peMiHb aaerpy6WKH 8 0,8 -0,9 cm. 

J.tns1 peMiHHHX: nacie MO>KHa KOpHCTyeaTHCb TaKOIO Ta6JIHQelO 6ea­
rte'tHHX o6THH<iB y kg Ha cm WHpHHH naca. 

1 lpoMip nacoeoro Koneca 11 C1wpicTb nacy e m/sec 
------em I :l I 10 I 20 I 30 I 40 

0,200 rT 5 6 6,5 6,5 
0,300 6 7,5 8,5 9 
0,400 7 9 10 10,5 

I I 
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OpoMip oacoeoro KOneca 

II 

C1wpicTL oacy e m/sec 
em 3 I 10 I 20 I 30 I 40 

~ 

0,5l>O 6 9 10 11 11,5 
1,000 9 11 13 14 i4.5 
2,000 11 13 14 15 

I 
15,5 

I I 

j(aHHMH uifli Ta6JIHui Tpe6a KOpHcTyeaTHCSI 8 TiM paai, l<OJIH naca: 
noe,[lHHtti, BiJlKpini, a ,1J.06poi noxpe6eTHHH, a nacoei Koneea ttaeyHHi, 
HanpRM nacie npH6mUKHO noaeMHH, Bi,IJ,CTaHb Mi>K eanaMH JlOCHTb eeJIHKa 
i eapeuJTi, 1<01Uf noroHoea ttaeTHHa nacy ibe HHBOM, a nopywHa ropoio. 

Jlm1 naciB noABiHHHX pa,llHTb Eax 6paTH TaKi 06n1>1<i: 

OpoMip oacoeoro Koneca CKopicTb oacy e m/sec 
em R I 10 I 20 I 30 I 40 

0,500 
II 

7,5 10 12,5 13 13 
1,000 9,5 13,5 17 18,5 18,5 

:1 

2,000 'i 11 16 20,5 22 22 I I 

KonH nae 06TS1>1<e110 aHalfHO cunt.Hime Bi.ll Toro, mo AaIOTb ui Ta6-
11uui, TO B HiM nOBCTaIOTb Ha,IJ.TO BHCOKi Hanpy)l{eHHSI. Qi Hanpy>KeHHSI 
BHKJIHK3IOTb cTani BH,llOB>KfHHSI, i nae npHXOJJ.HTbCSI ni,11,rnryeaTH; OKpiM 
Toro, e Mipy apocTy aanpy>KeHb ena,1J.as npy>KHicTb rnKypH, a Qe ,llonpo­
ea,11,>1<ye AO qacTOro cKoeay nacy no 060.D.i KOJieca, oeo6nueo Kom1 me 
o6TSl)I( M36 MiHJIHBHH xapaKTep. 

IJ.nSI nepexpemeeax nacie Tpe6a 00,11,aei B Ta6nuuRx lfHeJia 06TS1*Y 
8MeHwyeaTH Ha 10- 30 °/o, Bi,[lnoei,[lHO JJ.O Bi,[leTaHi Mi>K eanaMH Ta WH­
pHHH nacie. Bi,llCTaHh Mi>K eanaMH noeHHHa 6yTH npuHaHMHi e ,llB3llQSITh 
paaie 6inhwa ei,11, rnnpHHH nacy. Kona nacu rnupoKi ii nopyrnyt0ThCS1 a 
aenHKOJO cKopicTIO, TO Tpe6a yttHl'aTH nepexpemeHHSI ix. CKopicn. na­
cie 6epeTbCff SBHlfaHHO eiA 3 .110 30 m/sec, piAKO 6inhwe aa 40 m/sec. 

jlJISI eitJ.J<PHTHX nacie Tpe6a ,llep>KaTHCSI Tal<HX HOpM : npoMip noro­
HOBoro KOJieca He CJii,ll 6paTH aaHaJlTO M3JIHH, a SIKO Mora > 100 s, Jle 
s oaHalfas rpy6HHY peMeHIO. CniB'IHHHHK nepe,[la'ii He noeuHeH 6yTH 

MeHWHH OJl -}, 60 TOAi JIYK o6xeaTy nopyrnHoro KOJieca BHXO,[lHTb aa­

HaJlTO MaJIHH. Bi,11,craHb Mi>K eanaMH noeHHHa 6yTH Kono 5-10 m, i e 
>Ka.llHiM paai He 6inbwa aa 15 m. 51Kmo ei.llaaneHHSl Mi>K eanaMH Ha,Q,To 
eenHKe, TO a,[le6inbworo 6yeas eHriJJ.Hiwe (Aeweewe) B>KHBaTH, aaMicTb 
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nacosoro noroHy, nepe.a.alfi a JJ.OOOMOroto 6aBOBHRHHX lfH KOHODJJffHHX 
MOTyaia. 

3ri,11.Ho a .a.ocni.a.aMH Eaxa, nacu tyMosi, 6a11aTa Ta 6aBOBHRHi MO>t<Ha 
o6rn>t<yaaTH CHJIOIO 

P= 8 f-10 f. 
}lnR nacis ia aep6ntomoi wepcTH aasrpy6rnKH a I 0- 14 mm MO>t<Ha npuii­
Marn 6-25 kg Ha 1 cm WHpHHH. 

Konn Tpe6a MaTH peMiHHHH noriH Mi>K .a.eo­
Ma 6JIH3hKHMH aanaMH, 3 BemtKHM nepe.a.aTOlf­
ltH M lfHCJIOM i a yKna.a.oM aanis OJJ.HH Ha.a. APY-
rHM, TO B>KHBatoTh HanRnhHHX 1<onimaT. Ha puc. I 
138 DOKaaaHO CXeMaTHlfHO ueu COOCi6 noroHy: 
I - noroHose Koneco, II - nopyrnHe Koneco ~ 
i /?. HaUSIJlbHe Konima 3 HaTHCKOBHM TRrapeM. 
HammhHe 1<onima KPYTHThCSI Ha oci, npuMime-
HiA B KOpOMHCJii s, mo caMO nosepTa6TbCSI KO-
JIO oci nopywHoro Koneca II. HanS1J1bHe 1<onima 
HHalfHO a6i11hwye nyK o6xaaTy Manoro nacoao- Jl­
ro Koneca, a nae 6ysae aaecirJJ.n Maii>Ke o.1tHa-
1<0Bo HaTRrHYTHH, Heaanell<HO BiA Toro, 'lH BiH 
ni.1t 11ac po6oTH B1<opolfy6ThCS1, lfH au.a.oemyeTh- I. 
n1. Tpe6a me .11.0 Uboro JJ.OAarn, mo HaTSlr no- (pee. 138) 
pywtto"i 11acTHHH nacy BHXOAHTh TYT AY>Ke Ma-
m1ii, a TOY enacHe npHlfHHH, mo attalfHO a6iJibWY6ThCSI KYT o6xeaTy, a 
'tl'pea Te HaTSlr noroHOBOl lfaCTH nacy Mano 'lH,d, BiJJ.phKHR6TbCSI BiA 06-
ffOllOBOi nepen.aTOlfHO°i cunu. HanSIJihHi 1<011eca .a.atoTh MO>KJIHBicTh 1<opu­
nyHaTHCS1 naCOBHM norOHOM ia pill<HHMH nepe,!1.aTOlfHHMH 'lHCJl8MH, a 
toMy ix .a.o6pe emusaTH AJISI 6eanocepe.1tHboro e11e1<TpHlfHOro noroHy AO 
uc·mBHJJ.KHX MarnuH, He norpi6yfOtJH KopucTysarucSI JIJISI UhOro 1<onecaMH 
mt11elJHHMH, CJIHMaI<OBHMH, TOlUO. 

HanslJlbHHx Konimar y>t<uBatoTb He Ti11b101 TaM, .a.e rpe6a Marn ee­
:1H1<t! nepe.u.aTOlfHe 'lHCJIO. HHMH KOpHCTYIOTbCSI TaKO>K i ,llJISI Toro, moo 
1-.cHWHTH Ha.II.TO BeJIHKi Hanpy>t<eHHSI nacy Ta CHJlhHHH THCK Ha Bann. 
I t.rnRJibHi KOJiimaTa natoTb OT>Ke MO>KJIHBiCTb 3MeHrnyBaTH BHTpaTy pe­
•U"HIO. 

niA t:tac po60TH He pi.ni<O 6yeaa Il0Tpi6HO 3aCTaHOBJJSITH nacoei 110-
, """ ii aHoey nyc1<aru "ix y pyx; UbOro .nocHraFOTh ronoBHHM 'lHHOM 
.. , .1on0Morot0 TaK asattu.x sin o Bux Konic. Qi Koneca ,11.0,11.atoTbCSI a.ae­
r, •. 11.moro AO nopyrnHHX 1<onic, ce6ro Ha nopyrnHiM sa11y CHARTh nopy'i 
'"'"" 1<011eca - po 6 o 1.1 e i S1noee. Kono.1tv.uS1 srnoaoro KOJieca KPYTHTbCR 
"• HiJlbHHi sry11ui, mo npHTHHa6TbCH .a.o Ba11y cTaHOBHMH wpy6aMH. 
11 ry Jll<a Ma6 3 OltHOro l<iHUSI o6i.a.oK, mo Aep}f{HTb SIJJOBe 1<0neco B CTa-
'"' nonomeHHi Ha eany. Ha puc. 139 noKaaaHo Ta1<y BTynKy; eoHa Mome 

1 I I 



6y1H a6o u.ina qaeyHHa, a6o n0Kp1na aeepxy nnicKOIO a 6inoro MeTany. 
Ma>t<eTbCR a .11.on0Moro10 MaaHH'IKH WTaycj>epa. l<onH 'IHCJJO o6opoTiB 
eenHKe, a6o KOnH srnoee Koneco KPYTHTbCR niJl nacoM AOBWHH 'lac, TO 
B>KHBalOTb BTynoK ia KOJtoeopoTHHM MaaHBOM. B TiM paai, KOJJH nacoee 
KOJJeco M36 Mani BHMipH i npoMip eany T3KO>K HeBeJIHKHH, KOJIOJlHUIO 
RJJoeoro Koneca po6JJRTb TaK, wo eoua caMa ei,11.orpaa pomo Ma;.u-·Hui. 
Kona XOTRTb, wo6 paaoM ia BHKJIIO'leHHstM nopyw11oro eany ( np1rn11HeH­
HRM noroHy) nepecTaeae nopymyeaTHCSI ii C8MHH nae, TO llPMMilllVIOTb 
Stnoee Koneeo Ha noroHoeiM eany, nopy'I ia po6ottHM 1<0J1tCOM, mo MO>Ke 
CQ6i BiJJbHO o6epTaTHCSI .o.ani. l.Qo6 MO>t<Ha 6yno ei,11.TaK ;1er1<0 " WBM,11.KO 

r--=~,~~~ 
D-

t.~---

(pee. 139) 

nepeeecre nae a StJJoeoro Koneca Ha po6o'le, nepme a HHX HaCall>KYJOTb 
He Ha caMHH BaJJ, a Ha npHwpy6oeaP.y .[10 JIO>KHCbKa BTYJJKY; OKpiM 
U.bOrO, cyrAe>KHi BiHU.R o6ox KOJlic DOMHHHi MaTH CTi>KKOBi aaTO'IKH, mo 
BXOASITb O,IJ.Ha B OllHy. XTiBWH BKJllO'IHTH nae, BiJJ.UOBiD.HHM npHCTp06M 
nepecyBalOTb SIJJOBe KOJJeco B 6iK po6o'loro, CTi>KKOBi aaTO'IKH CTMKa­
IOTbCR, BiJJ. H3THCKY DOBCT36 Mi>K HHMH TepTSI i a LlODOMOfOIO UbOfO 
TepTst po6oqe Kor.eco aaxonJJI06 aa co6010 srnoae, a paaoM ia UHM no­
qaHaa nopywyeaTHCR i caMHii nae, nicm1 qoro iioro ner1<0 nepeeo,11.RTb 
ea po6o'le Koneco. 

Anff Ha,11.To wupoKHX nacie y>1<HBaHHR SIJIOBMx Konic He MO>KHa eea­
>KaTH aa JJ.OU.iJlbHe, 60 BiJJ. nepecyeaHHSJ nae .ay>1<e HiBe'IHTbCSI i THM Cl<O­
pO"IY6TbCSI "lac itoro eny>1<6u. B u.iM paai cTalOTb y np1ffO.lli HaTHCKoei 
JJY'IHHKH, cnony'leHi a naCOBHMH KOJJecaMH, a6o HaTHCKOBHH JJY"IHHK y 
cnonyqeHHi a nycToTinHM eanoM. 

n pH K JI a ,II.. 06'1HCJIHTH nepe.lla'ly peMiHHHM naCOM N = 20 KOHeH 
nia roHKa_, wo aae n1 = 900 o6opoTie, ua ean, wo oo6urb n2 = 300 
o6opoTiB Ha MiHYTY. 

f1p1tHM36MO CKOpicTb nacy v = 10 m/sec; M810'IH U.IO CKOpicTb, o6-
'IHCJll06MO nepe,11.aTO'IHY CHJIY 
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p = N · 75 = 20 · 75 = 150 k 
v 10 g, 

a TaKO>K npoMip MeHworo Koneca 

D n n v · 60 10 · 60 
v = 60' D = nn = ;t: QOO = ~ 0,2 m = 200 mm. 

3 Ta6nHni Ha CTOp. l 09 6epeMO JlRff npoMipy D ~ 200 mm Ta CKOpo­
CTH V .:...__ 10 m/sec CDiBlfHHHHK k = 5. nicnff l.lhOrO 8H8XOJJ,HMO WHpHHY 
peMeHtO 

P= bk; 150 = b · 5; b = 30cm = 300mm. 

lllapuHa nacy e 300 mm e aaeenHKa ARR Koneca a npoMipoM y 
200 mm, a TOMY 6epeMO 6iJlbWY CKOpicTb v = 15 m/sec. 

Bi,llDOBi,llHa uiii HOBiii CKOpOCTi nepeJJ.aTO'IHa CHJla 6yJle 

p = 20 . 75 = 100 kg, 
15 

11poMip 

D=~· 60 =~320 mm. 
n · 900 

R TB6nHui He M86MO aHi T8KOi CKOpOCTH, aHi T8KOro npoMipy, TOMY 
IM~Hp36MO JlJlff k cepeJJ.H8 8H81fiHHff Mi>K 'IHCnaMH 6, 7, 7.5 Ta 9, mo 
11l4noeiAat0Tb cyciJJ.HiM npoMipaM i cKopocTRM. BepeMo k = 7, nicm1 
•eoro wupHHa nacy eniiAe 

100 = 7 · b, b = ~ 145 mm, 6epeMo b = 150 mm. 

3. II o r i H JI H H Ba M n. 

Ko>1<Ha nHHBa cKnaAa6TbCff ai cKinhKOX c Tan o K (>K1tJ1), mo 06e11-
11K>Th Ha-eaip noeiHKH cniJihHHH JlJIR ecix ocepeAKOBHH KOHODJIRHHii 
' T p M >K, a KO>KHa CTaJIKa TaK ca11 0 CKna,D.36TbCff 8 OKpeMHX llPOTiB, mo 
IM>ThCR H3,llOKOJJa ceoro oci6aoro KOHOOJUIHOrO crp11>1<y. laMHii .n.piT B0-
10'lftTh 8Ae6iJJbWOrO ai WBellCbKOro ,llepeBRHO-ByriJlbHOro aaniaa, a6o 
I nMTO"i CTani (l.\HHKOBaHoi ii HeUHHKOB3HO"i). 

>Kono6KH lfH piB'IHKH B KOJiecax OOBHHHi MaTH nincTiJJl<H a MRKWOro 
••H'piRny, 11K OT ,llepeeo, WKypa, TOWO. HeBHCTeJJeHi piB'IHl<H rpe6a 
'.IUIJUCO OCiTOlfyBaTB, Bi,llDOBillHO AO npoMipy JIHHBH, TaK wo6 BOHa npH­
·••flnB JlO piB'IHKiB npHH3HMHi OllHOIO TpeTHHOIO ceoro o6BOJly. 

JIHHBffHOro noroHy B>l<H83IOTb T3M, .o.e Bi,llCT3Hb Mi)I( eanaMH aaee­
·••kR. nepeJlalfa Bi.D.Ciyea6TbCR 8,lle6iJJbWOrO a JJ.ODOMOrolO OAHOi 06BMTl<ll 
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JIHHBH. l<OJIH BiJJ.JJ.aJleHHSI Mi}f( BaJiaM~ nepeBHLUY6 ~00-1~0 m, TO H~ 
BiACTaHi KO>KHHX 100 'Hf MeHwe MerptB yKnaAalOTb m.a;nopHl nepeJlaTO'IHI 
KOJieca, TaK lUO QimtH noriH p03!'.iHBa6TbCSI Ha CKinbJ<a OKpeMHX poa.a;i­
JiiB-CTaQiii. Tpe6a aaysa>KHTH, mo B ocraHHi qacH nepecrat0Th Kopucry­
eaTHCSI ndHBSIHHMH noroHaMH Ha Bt!JIHKi ei.a;cTaHi, aacrynalO'IH Ix 6i11hw 
AOQinhHHM a rocnonapchKoro 6oKy eneKrpH'IHHM noroHOM. 

npocronaAHHH a6o H 6nHabKHH JlO QbOro YKJiaA JIHHBSIHOro noroHy 
He AOnycKa6rhCSI, 60 e QiM paai HeMaa norpi6Horo aeucy nHHBH. TaKoro 
yKna.a;y MO>«Ha B>KHBaTH xi6a a JlOAaTKOM HanRnbHHX i ttanpRMHHX KO­
JJilllaT. 

06lfHCntOIOlfH JIHHBy, rpe6a 6pa TH Ha ysary He TiJibKH p03TSl>Ktti, 
a•u rHylfi ttanpy>KeHHSI. 

lfoJJH BiA3Ha lfHTH tt:epea 

d rpy6ntty Apory B cm, 
d npoMip JIHHBH 8 cm, 
' KiJJbKicTb ll.POTiB y nonepett:HiM nepepiai JIHHBH, 
D npoMip Koneca e cm, 

i Kona npHHHSITH, mo sJIO}l{ette ttanpy}f(eHHSI e npori (ia aaniaa) He no­
BHHHO 6yTH 6im_,we aa 1050 kg/cm2

, TO, SIK OO,IJ;a6 oax, 

1050 = 6z + O'b = _S_!_ + ~ · _!_ · !__, *) (70) 
. n ..t'> 8 cc D 
i-u~ 

4 

*) .sl 6 Hd rAr oorOHOl:IOl tfaCTH JUIHBH; p03TSl~<He HaopyM<eHHSI B RO>KHiM 

. SI 
llPOTI 6 <Tz = -;;---. 

. . ,~! 

-t. 

(puc. 140) 
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IJ.J.06 BHBeCTB npyry 'laCTRHY 

(: _!_ · ~) eaopy, poaeaM<aaMo 
a D 

TBIC 

YARIM co6i, lllO tfepea KOneco 
(pHC. 140) oepe1rnHyTO ii B8TSlfHVTO 
rHy'IKHH CTpr.t>KeHb aaerpy6wKH e s. SIK­
IQtl DpHHH'olTH, lllO cepeaHSI niHiSI 'la­
CTHHH AB U.bOro crpu\KHSI (opy>KKOea­
Ha niHiSI) M86 B alrHyTiM CT&Hi TBiiY 
CaMy l'OHM<HHy, AK i y eenpocraHiM, TO 
O'leannHo 1<0>1<He 1:10:1ol(HO tfaCTHHH AB 

MllnO AO rHyTTSI AOBM<HHY w ( R + ~ ). 
B alrHyTiM CTaHi KO>KHe Kpanea aHan­
e1pHa eonOKHO crano AOHWe, BHAOB-

M<HBWHCb Haw (R + s) - "' ( R+ ~) = 



3 [\bOro eaipQSI BH,llKO, mo Hanpy>KeHHSI 6b, JIK i Tpe6a 6y110 CDOAiBa­
THCb, apocTae e Mipy aMettweHHSI vpoMipy Koneca. I TOMY ea npaKTHl.\i 

~ d 1 
cTapalOTbCSI He po6HTH D < 2500 '1. 51KLUO easiTH: D = 

2000
, « = 

t 
= 2~000.000 Ta 

.n n 
~ - o2 - 0 42 - d2 *) • 4 - , 4 ' 

To eaip (70) nepereopHTbCSI e 

S1 = 223 d2
• 

(71) 

(72) 

}tnH o6BOAOBOi CKOpOCTH v = 25 m/sec **) AicTaHeMO, 6epyttH cepe.u.Hi 
YMOBH, 

(73) 

Ansi MeHwux Konic, MeHwoi ei.Qcratti Mi>K eanaMH Ta eeeacTeneeux pie­
'IHKiB rpe6a 6paru P ei.u.noei.u.eo MeHwe. 

w s . {J) s 
~ 2· 3BIAU.H OAUHH'IHe BHJlORH<eHHff (BiATffr) TBKOro eonOKBa E = = 

2"' (R + ~) 
s s s . 1 s 

~ 2 R +s =""' 2R = D' TBKOMY Bl.llTSlrOBi BiADOBiA86 HBopy)l(eBHR O'b =a . 75. 
XTiBWB opHTO'IHTH ueii BHCJii,ll AO llPOTiB nMHBB, Tpe6a BBMiCTL s BBSITB rpy­

t\•Hy llPOTY o. OKpiM Toro, Tpe6a we TyY BBSITH Ha veary I Te, mo KO>KHBii llPiT 
•8TbCSI H&.llOKOna H<HnH, 8 p880M is RelO HBJlOl<Ona CTpB)l(Y fi, Ce6TO SHB'IHO Bi,ll­
phl<HSl0TbCH ei.a Tinbl<B llJ.O poarmiHporo c1p11~HS1. ToMy oooeptµeiii euniA 1pe("a 

I I t o . llllDOB ,llHO BM HBTB 1 8 u,e ,llOCSlrBeTl>CH THM 1 llJ.O eenH'IBRf a · D MRO)l(aTb BB COIB-

-t•HHBK {J, .Qo6yTHii WJIAXOM llOCnilly. IJ,ee cniB'IHHRBK Mae, O'le&eµea pi'I, Jl:IUI ICOH<­
MOrn oKpeMoro eeoaAKY ceoe 01<peMe BHl:l'liHHR. AicTaeMo OTH<e eaipeu1. O'b = 

t 0 3 
.... /l · a · D. llnR ABHoro eeoaAKY {J = S' TOMY 

3 1 0 
ab=s·-a·n· 

•> none oooepe1.1eoro nepepiay ecix APOTie CTBROBBTb 0,45-0,37 oonR none­

pe'tHoro oepepiay nHHBH, ce6TO i : o2 = BiA 0,37 ~ d1 AO 0,45 ~ d1
, OT)l(e MOH<HB 

I cepeAH .. OMY DpHHH~TB 

• 
11 ~1 - 0 4° 11: d1 1417 - I °"4 ' 

••) B nBHBSIHHX ooroeax CKOpicTb piAKO KOnB 6yeae 6im.wa BiA 25 m/sec. 
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Konn D.aHo ue o6eoD.oey CHny, ·a 1<iJ1hKicT1> 1<0Heif N, TO D.nR D = 
= 150 d (aeHttaifHo D = 125 d - 175 d) ai eaopy (73) BHXOD.HTh 

a a 

d=V3o-.N =2,12VN. 
n n n 

(74) 

n pH Kn a lJ.. 06'1HCJIHTH nepeD.aqy JIHHROIO N = 60 KOHeii. 
flpHiiMa6MO Ha npo6y CKopicTh nHHBH v = 20 m/sec. Bia.noeiJlHa 

uiii cKopocTi nepeD.aTOttHa cuna 6yD.e 

P = N · 75 = 60 · 75 = 225 kg. 
v 20 

Hexaii naaea cKnaD.a6TbCff a s = 48 11p0Tie no 1,4 mm KO)l(HHii 
(TaKi 'IHCJla He piD.KO aycTpi'la6MO Ha npaKTHQi). 3eiD.QH npoMip JIHHBB 

. n <J2 0 42 n z d lf i . tJ2 v48 . 0, 142 5 
i. 4 = ' . 4 d ' = 0,42 = 0,42 = 1,5 cm = 1- mm. 

npoMip KOneca D-=-: 150 d = 2250 mm. 
Hanpy>KeHHR 

kb=~._!_.~=~. 2000000. 1,4 = "-l 465 kg/cm2 
8 a D 8 2250 . 

S1 · Hanpy>1<eHHff k,.. = --. HaTffr aaaxOAHMO TaK: SIK eiAOMO, S1 - S2 = 
. n s2 

'4 u 

= P; a Jlpyroro 6oKy S1 + S2 pieHS16ThCS1 aeH11aiiao 3 P- 4 P; 6epeMo 
3,5 P, BHKJJIO'l8IO'IH S2 , aHaHD.eMo S1 = 2,25 P = 2,25 · 225 = 506 kg. 
nicnsr QbOfO Hanpy>KeHHSI 

k 
_ 506 _ 506 _ 

685 
I 2 ,..- -074- kg cm. 

48 . !!__ . 0 142 , 4 , 

I.line eanpy>1<eHH'1 6yJle kb+ k. = 465 + 685 = 1150 kg/cm2 > 1050. 
BuxOAHTb OT>1<e 6inhwe, Hi>K MO>KHa D.onycTHTH, a TOMY aMiHHMO Tpoxa 
JJHHBY, easrewe 48 APOTie no 1,6 mm KO>l<HHH. Beme noKaaaHHM cnoco-
6oa aeaiiAeMo npoMip nueeH d = 18 mm. flpoMip Koneca 6yD.e 

D = 150 d = 2700 mm. 

Hanpy>r<eeHR 

k 3 2000000 . 1,6 = 445 k I 2 
b = B · 2700 "-l g cm · 

116 



Hanpy>KeHHSI 

kz = 506 = 5~6 = ~ 522 kg/crn2. 
48. ~ . 0,162 0,97 

UiJse Ha11pymeHHS1 

kb+ kz = 445 + 522 = 967 kg/cm2
• 

Ue aanpy>1CeHHS1 Meawe BiJl ,11,oaeoneaoro, ane npoMip KOJ1eca HaATO 
1enH1<HH i eara caMol nHHBH, HK 6yne no,llaao HH>IC'le, aaeemu<a. ToMy 
cnpo6yeMo me eastTH cKopicTb v = 25 m/sec, a naaey e 42 npoTH no 
1,4 mm KO)l(HHH. TaKa JJHHBa M36 npoMip d = 14 mm. npoMip KOJJeca 
ftyAe 

D = 150 · 14= 2100 mm. 

I lepeJ1aT011aa cana 

p = 
5~·;5 = 180 kg. 

Hanpy>KeHHR 
_ 3 2000000. 1.4 _ 

500 
I 2 

kb--8-· 2100 - kg cm. 

Hanpy>KeHHR 
2,25. p 

Rz = = ~ 625 kg/cm 2
• 

42. ~ . 0,142 

IU.ne aanpy>1<eHHS1 

kb+ ka = 1125 kg/cm2
• 

Cnpo6yeMo me naaey e 48 APOTie no 1,4 mm KO>KHHH. npoMip 
adel nHHBH 6y.11.e d = 15 mm. 

npoMip KOneca 

tlanpy>1<eaasr 

Hanpy>1<eHHS1 

D = 150 · d = 2250 mm. 

k = ~ . _2000000 . 1,4 = 465 k I 2 
b 8 2250 ~ g cm · 

_ 2,25 . t80 _ 
5 0 

I 2 kz -
0174 

- ~ 5 kg cm . 
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Qine Hanpy>KeHHSI 

kb+ kz = 465 + 550 = 1015 kg/cm 2
• 

Qine Hanpy>KeHHSI 
Bara 500 m JIHHBH *) 
0pOMip KOJieCa . . . 

IIopiBHHHHH: 

I 
1150 

. 350 

. 2250 

2 
967 
455 

2700 

3 
1125 

305 
2100 

4 
1015 kg/cm 2 

350 kg 
2250 mm 

SIK y>Ke euine roeopunoch, eucniJJ.H Apyroi npo6H He MO>KHa eea­
)l(aTu aa ,no6pe poaeRaaHHH aaAalfi, 60 f..\iH010 Henorpi6Horo aMeHrneHHR 
Hanpy>KeHHSI MH ,nicTana ,ny>Ke Tff>KKY JIHHBY H: eenHKHH npoMip Koneca. 
BucniJJ. nepwol npo6u ninwuit, ane eiH, SIK 6alfnMo, ripwun OA BHCJii­
,niB TpeTboY H: lfeTBepTo"f npo6u, TOMY iioro TaKO>K Bi.ll.KHA36MO i cnHHR-
6MOCb Ha nHTaHHi: ino ninwe - BHCJiiAH TpeTbOi lfH 'leTeepTO'i npo6a? 
Sl1<11.J,O 6a)l(aHO MaTH JleKwy JIHHBY i MeHwe KOJieco, Heaane>KHO Bi,[l Ha­
npy>KeHHSI, TO Tpe6a B3S1TH TpeTfO cnpo6y; SIKJ.nO )I( ea>KHO Ma TH MeHwe 
Hanpy)f(eHHR, TO - lfeTBepTy. 

4. Iloriu KOHOIIJIHHHMH H 6aBoBHHHHMH MoTyaa.MIL 

KoHonnRHi u 6aeoeHHHi MoTyaa, npuaHalfeHi AJIR noroHy, noeuHHi 
6yTH 3H3lfHO MffKWi BiA 8BHlfaHHHX TRrapouux MOTyaie, a f..\e TOMY, ino 
iM Il0Tpi6Ha 6iJJbWa rHylfKicTb. y >KHBaHHff MOTf3SIHOro norouy Ay>Ke 
nowapeHe. Konn AOBOAHTbCff nepeitaBaTH 6i11hwi cunH, TO He MO>KHa 
o6iHTHCS1 OJ.1,HHM MOTf30M, 60 rpy6uHa noro Mycina 6 TOAi 6yTH aaH3lJ.TO 
eenuKa, a BO Ha He noeuuHa nepeXOJlHTH no-aa 50 - 55 mm. B TaKHX 
eunaAKax yKna.nat0TL ni.n pRA cKiJihKa MOTyaie (s norouu, ino cK11a.na­
t0TbCS1 a 25 i 6inbrne MoTyais). Poarottoee Koneco MaWHHH noBHHHO 
e uiM paai MaTu ei,nnoei~He lfacno piBtfHKiB Ha ceoiM o6oAi. BaraTo-Mo­
TyaHHH noriu Mae TY nepeeary tta,n nacoBHM, ino eiH He nepecTaa npa­
IJ.IOBaTu, KOJIH OAHH MOTya ypeeTbCSI, 60 TOJli CHJia nepe,U.36TbCff peWTOIO 
MOTyaiB. ~pyra eem11<a nepeeara IlOJISlrae B TiM, ino OOOJlRHOKHMH MO­
TyaaMH MO)f(Ha nepe,naeaTu cuny 6eanocepeJJ.HbO e pi)l(Hi MicUR, He no­
Tpi6yt0lfH JJ.JISI IJ,boro oKpeMHX nepenMalfiB. Ane uen cuoci6 nepeaaqi Mas 
TY xu6y, ino B paai 6iJibWOrO 'IHCJia MOTyaiB He Bci piB'IHKH MO)f(YTb 
6yTH 0JlH3KOBO, piBHO p03TOlfeHi, a IJ,e BHKJIHK86 ph1<Hi CKOpOCTH no­
OJlHHOKHX MOTyaie, a aHalfHTb i CKOB8 JJ.eRKHX ia HHX. 0KpiM f..\.bOro B MO­
TYBRHiM noroHi BHTpalfa6TbCff 6iJibWe CHJIH Ha repTSI. 

*) ¢>a6pH11Hi ABHi. 
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PiB'fRKH po6mnh KJIHHlfacrnMH, LQ06 MOTyau MOrJIH aaTuc1<arncR 
H HHX. 

J(ocaiJJ. UOKaaya, 11.\0 JJ.JISI CKOpOCTeu 15- 20 m/sec B HOpManhHHX 
YMOHHHaX npau;i (ll.OCHTb Bemma BiJJ.CTaHb Mi}f( OCSIMH, U03eMe aoo TpOXH 
flOlCHJie no11omet1HSI MOTY3iB, CTaJiicTb nepe,((aaattoY CHJHf, TOLQO) MO}l(Ha 
m·peJlaBaHy CHJIY npHuMaTH RaB6iJlbWKH Jl 

P = 3 d2 
- 4 d2

, KOJIH D > 30 d Ta a!! > 2,5 

P = 5 d2 
- 6 d 2

, KOJIH D > 50 d Ta o::! ~ 3, 
SIKLQO B3SITH d B cm. 

} (75) 

I li 11opMH ro]l.SIThCR m1we TOJJ.i, Konn caMi MOTY3H ao6pi u no6pe c'1en­
.r11·tti. "~ a KYT ooXBary nopywttoro Koneca (pHc. 137), aMipRHHH a pa­
iahrnax. 

Jlm1 OaBOBHSIHHX MOTyaiB MicTKOBHX >KypaBJJiB ilOilYCK3IOTbCSI, SH<O 
"•tttATOK, 6inhwi aHalfiHHR P, a caMe: 

Pmax = 9 d2 AJIR D > 30 d. 

SIKLQO .u;atto 1<iJJb1<icrb KOHeii i npoMip Koneca n = 60 d, TO JJ.JIR 
I' 6 d2 nicraGMO KiJibKicTh z MOTyaiB ai eaopy 

N 
z = ~ 400 . ---d-2· 

n 

;->. II o r i H c T a .~r P, B 11 M tt rr a c a M II. 

(75) 

3aMiCTh peMiHHHX nacia a6o JIHHB 'IH Motyaia ymuBalOTb LQe lfaCOM 
toHKHX MeTaneeHx CTSl>KOK ia rapTOBaHoi cneu;isiJihHO'i cTaJ1i. B U.iM J~aai 
"' ICOJieCa ,((alOThCSI, AJIR BHKJllOlfeHHR CKOBay, ni.D.KJ13JlKH 3 KOpKy, 300 
• IUtOrOCb iHworo Bi,ll.nOBi,ll.HOrO MaTephrny. 

L.leii cnoci6 nepe.11.a11i Mae TaKi A06pi anacTHBOcTi: 1 - aHalfHe 
111\c·~}f(eHHR CHJIH, 60 Mano BHTpalfa6TbCSI i'i Ha CKOBa; 2 - HeUOTJ>i6-
"""11> ni,11.n1ryeaHHR nacy; 3 - tteattalfHa rnHpHHa CTpilfKH ii Koneca; 
• MeHwi ei,11..a;aneHHR Mi>K ocHMH; 5 - MO>KJIHBicTh ymueaTH eenHKKX 
'•rnpocTeif (JJ.O 100 m/sec); 6 - MeHWHH o,6Tff)I{ JIO>KHCbK i T. iH. 

Ta UOKH 11.\0 He MO>l<Ha LQe apOOHTH OCTaTOlfHOrO BHpOKY lllO-JlO 
•Mf'iitHOCTH Qboro norotty. Cna6HM MicQeM CTaneaoro nacy a Ma6yTh 
lorn ClfiOJJeHHSI, I.IN O'feBH,11.HO He Bi.llnOBi,((36 LUe BciM BHMOraM MiQHOCTH 
f A rHy'IKOCTH. 
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IV. naH410rM M nepeAa'ta HMMM. 

1. 3araJihHi yBarn. 

JlepeAa'ly CHn ia AODO~OfOIO naautoriB aycTpitta6MO B DiAHOCHHK8X 
i DOAi6HHX AO HHX cnopyAax. Tenep KOpHcrytoTbCR naHut0raMH ronoe­
HH.M 'IHHOlll, HK 3HapHAARMH TRrapeeHMH, i MeHme, SIK aaapH.llAHMH llJISI 
nepeAa'li pyxy; B uiH OCTaHHHi poni BHCTynalOTb BOHH xi6a B T3KHX 
aawaHax, RK or caM01<aTKH Ta caMoXOAH. JlaHutorosa nepe,o.atta Mae TY 
A06py BJiaCTHBicTh, ~o B HiH, B npOTHJieH<HicTb AO nepe,o.alfi nacaMH Ta 
JIHHB3MH, Ui11KOM BHKJJJO'leHa MOH<J1HBicTb CKOBay. 

2. JI a Hu; ID r H. 

Ha pHc. 141 -143 noKaaaHo rpa piH<Hi eiaMiHH naaut0rie : KO­
POTKO-KiJibttacTi (pHc. 141), ~o BH<HBalOTbCR nepeea>KHO B niAHOCHHKax, 

(pee. 141, 142, 143) 

,flOBrO-KiJib'laCTi (pee. 142), ~o B>KHB3IOTbCR Ha npHDOHH, npBBSlaH ii T. 
iH. norpe6a, i Hapem ri poanipHO-KiJib'13CTi (pHC. 143); OCT3HHi BiA3H3-

·~ -~- - - ~ - -I -- -

I I I 

'13IOTbCR AOCHTh BHCOKOIO MiQHicTIO 
t npaCinHlKHo Ha 12 ° / 0 Miuttimi eiA 
nepwHx), a roMy ix yH<ueaJOTb AJJH 
naponnaBHHX KiTBHUb; 11epea Te 'la­
coM HaaHB3IOTb "ix KiTBH'IHHMH Jia H­
utoraMH. l--1--r--1 -, 

I . 

~:i£1=rc¥e~·~:Sir-f=I~E~~ i. Ha 1<inbUR HJle rnri1ucre, MSlfKe 
t cnorpieae aai1i3o. Ix o6ttHCJIJOIOTb 

(pHC. 144) 

120 

Ha poaTRr, o6MHH310'IH rHy'fi Hanpy­
>KeHHSI. t(11R MeHwe o6TR>KeHHX naH­
LllOfiB .o.onycKalOTb 6eanettai Hanpy­
H<eHHR AO BHCOTH kz = 600 kg/cm2
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THM ttaCOM SIK AJUI CHJlbHO Hanpy>KeHHX 6epyTb kz = 300 kg/cm2 

(i MeHwe). 
Ha pHc. 144 noKaaaHo cyrno6HHH naH1uor, mo cny>KHTb AJJSI nepe­

U'li pyxy. Bci qacTi TaKoro i1aHU,10ra po6JJS1TbCS1 MaH>Ke BHKJJIO"IHO ai 
CTani. l.facoM JIJISI cnonyttoK (60KOBi Kanuui, HaKJ13AKH) B>KHBalOTh Ta­
ICO)I( Tsrrnucroro cnorpieHoro aaniaa. CKopicrb naHutora 4 - 6 m/sec. 

3. JI a H :a; IO r 0 B i K 0 .TJ i III i, H a B 0 1, K 0 JI e ca. 

3euttaiiHi naHQIOroei Koniwi Ta Haeoi nmntHHi MaTH npoMip D 2: 20 d. 
JlaHU,IOrOBi KOJJeca AJJSI KaJ1i6poeaHHX JJaHU,JOrie i T3KHX caMHX cyrno6-
HMX J1aHutorie MO>KYTh M3TM MeHrni npoMipu. Koi1eca AJISI cyrno6HHX 
!llHUIOrie, lllO CJ1y>1<aTh AJJSI nepe,11a1:1i pyxy j po6JJRTbCSI 3Ae6iJJhWOrO 
" nHTOi CTaJJi, He nOBHHHi MaTK MeHme, SIK :..--: = 7 ay6ie; Hauqacrirne 
.• -~ 10-30. 
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P03.QIJ1 WOCTHH. 

To.~1nhTI. T( >> I0 1 I II.' lhH1\ IWB8AHlU ii 3AlllI.JbHIUm. 

I. 3aranbHi yearn ll.\OAO eirpRHM~Horo noroHy. 

BiTpsrnwmuii noriH CKna,lla6TbCSI a Koeaattu,R G, noroHa'la S ii eiTpsi­
HHU.i R a eanoM (p~c. 145). Qeii noriH cny>1<HTh JlJJSI nepeTBopeHHSI npocrn­
niHiiittoro HaeopoTHoro pyxy TonoKa o pyx KonoeopoTHHH, a6o ttaena­
KH - KOnOBOpOTHOfO pyxy 8 npOCTOJJiHiHHHH HaBOpOTHHH. l.Jepe3 Te, 
mo o6TSl)I( BiTpSIHHUi TOnOKOBOi MaWHHH MiHSl6ThCSI Ha npOTR3i OJlHOfO 
o6opory B Me)l(aX OJl HYJISI .llO SIKOlCh Haii6inbrno"i Benn"IHHH, TO ,llml BH­
piBHSIHHSI KOnOBOpOTHOrO pyxy, AnSI piBHOMipHOCTH iioro Tpe6a JJ.OJJ,aBaTH 
AO MaWHHH poarOHOBe KOJJeco (p03f0HH9). 3aiiBHHa )l(UBO'i cunu, mo 
a6ipa6TbCSI B Koneci aa TY 'tacrntty o6opory, Konn Marnutta JJ.06yBa6 
Ciinbrne po6oTH, Hi)I( i"i B~tTpa'tas, iiJJ.e ua TY 'tacnrny o6opoTy, 1<onu 
npou,ec Ma6 BiJJ.BOpOTHHH xapa1<rep. TaKUM 9HHOM BHpiBHf06TbCSI CKO­
picTb niA qac uinoro o6opoTy. Qe BHpiBHfOBaHHSI 6 TUM 3Ha'IHiw~, 'UiM 

6inbWHH i TSl)l(9UH AO.ll3HHH AO MaWHHH poarOHH9. 
~ TonoK (puc. 145, 6y1<Ba K) cny-

1 -~R )l(HTh a6o ,DJJSI npHHMaHHSI po6ont, ffK 
-~tF~{,v'_l'_r-~I ~~ .. ~~~- -:. ~)- OT y napOBHX M3WHH3X i taaOBHX roH-

J.J- u Kax, a6o HaenaKH ,11.JISI nepe.aa'li po6oTH 
Te'IHBY 9H taaoBi, SIK ue 6attHMO B CMO-

(puc. 145> Kax Ta KOMnpecopax. Heaane)l(HO Bi.II. 
Toro, 'IH TOJIOK CJJY)l(HTb JJ.JJSI npHHMaHHSI 9H nepe,llatti poCfoTH, Tpe6a 
aaecir.llH n6aTu npo Te, mo6 eiH miJibHO xo,11.ue y ei6ni, 60 iHaKUie Te­
'IHBO "IH taa MO)l(YTb yriKaTH, npOCOllYiO"IHCb Mi)I( TOJIOKOM Ta CTiHKaMH 
ei611a. B aa11e)l(HocTi Bill Toro, 9H aaminbHeHHSI apo6netto Ha To11oui, "IH 
y Hi6ni, poapi)l(HSl6MO JI.Bi BiAMiHi TOnOKiB: K p y )I( K 0 Bi TOJIOKH Ta 
enipHa'li. 

Kpy>KKOBHH TOJJOK Ma6 aeuqai'fHo HepyxoMe, rnyxe cnonyl:feHHR *) 

*) B ~anex i cepeAHix taaoeax roHKax TOJJOK caony<taeTbC!il 6eanocepeAHt.O 
a noroHa~eM, 6ea Tono~HnbHB 8 KoeaaH~R. 
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a T 0 JI 0 lf H JI b H 0 M u, mo nepe.nae CHJlY ei.u. TOJIOJ<a AO K 0 Ba a H IUI G, 
a6o ttaenaKH eiA KOBaaHIJ,R AO TonoKa. TonoK, TOJIOlfHJibHO u KOBaaHeQb 
craHOBJISITb OAHY uinicTh, mo BiA6yeaa noCTynHHH pyx ynepeA i Baa.it -
HaeopoTaMH. TonolfHJihHO aHaxoJJ.HTbCR nolfaCTH e cepeJJ.HHi po6ottoro 
ei611a, nolfaCTH 3H8JJ.BOpy itoro i TOMY BOHO DOBHHHO npOXOAHTH ttepea 
TaK aeaHHH aa m i.1! h H HK T. 

II. Pyx eirpAHMl.fHoro noroHy. 

a) Aopora TOJIOKa. 

Pyx TOJIOKa lfH KOBHaHIJ,SI Bi.II. A AO B (puc. 146a) HaaueaeMo n e­
peJJ.HiM xo.itoM, eiABOporHHH BiA G AO H (pHc. 146b) aa.itHiM xo­
AO M. 

lfoJIH BiTpffHHIJ,SI noeep­
HeTbCff Ha KYT 'P Bi.it cBoro 
aall,HbOro KpaHHbOro nono­
>KeHHff, TO KoaaHel.J,h npoit,1.1,e 
eia CBoro Kpaiftthoro nono­
>KeHHR ,11,opory x = AB = 
=CF; npH IJ,bOMY BF= 
= BD= l - ,11,oe>1<utta no­
roHalfa. A mo CF= CE+ 
+EF, TO 

x=CE+EF=r(l­
- cos 'P) + z ( t - cos r ). 

Konn >K BiTpSIHHl.J.ff no-
eepHeThCff Ha KYT rp Bil.I. ceo- (puc. J 46) 
ro nepe,11.Hboro KpaHHboro 
nono>KeHHff (puc. 146 b ), TO KOBaaHeIJ,b npou.11.e eiJJ. cBoro nepe,11.HhOro 
KpaHHhOro no;1o)l{eHHR nopory x = G H = KL= KM = LM. l{mi 1.1,horo 
xo.u.y ,11,icTaHeMo .11.opory 

x = r ( 1 - cos 'P) - l ( 1 - cos r ). 

ToMy eaarani x = r (1 - cos rp) + l (1 - cosy). 

DE= r sin 'P = l sin r; . r 
Stn r = - Stn '/J; 

l 

lr r 2 
• 2 r 2 sin2 rp r• sin• rp 

COS ~' = } - f SI n 'P = l - 2 l~ - ---sr- • · · 

123 



r 1 r2 sin2 <p 
)VIR Mamlia, mo e HHx T < 5 . M0>1<Ha eaRTH cos I' = 1 -

2 
,2 

r 2 sin2 <p 
T OAi x = r ( 1 - cos «p) + 

2 
l . (77) 

3 UbOro eaopy BHXOAHTb, mo AnR KO>KHOrO A3HOrO KyTa 'P AOpora 
nepeAHboro XOAY aaecirllH C5ini.wa aa AOpory eiABopoTHboro XOAY· Kona 
• = 90°, UR pi>KHHUSI CT86 Haii6inbWOIO. 

(pac. 147) 

Maio11H pyx eiTpRHRQi, ner­
KO aaaHTH n AOpory TonoKa a 
AODOMOrOIO pacyHKy. 3a-AnJI 
Qboro onucyaMo npoMiHeM l 
ABa nyKH, llOTH'IHi AO BiTpR­
HH'IHOro Kpyry (pHc. 147). Bi.11-
THHKH X 1, x 2 , x 3 • • • A810Tb 
BiADOBillHi AaHHM KyTaM JlOPO­
rH TOnOKa. 

r 
51K 611 T = o, ce6To l = 

= QC) ' TO ui nyKH 6y na 6 npOCTHMH, 
i BBip (77) Ha6pae 6H BHr JJRAY 

CTOp'lOBHMH AO JiiHiY pyxy TOnOKa, 

x = r ( 1 - cos cp). (78) 

H . "' u r 1 a npaKTHUI uepyn, _aBB'laHHO T = 5· 
b) c KO piCTb TO n OK a. 

51KOMY He6yAh KYTOBi cp BiTpJIHHui BiADOBiAH CKOpiCTb TOnoKa 

11 = ~~ = v (sin cp + ~ · T sin 2 <p), *) l79) 

Ae aHaK "+ .. BiJ.lOOBiA86 IHOBY )I< TaKH nepeAHbOMY XOAOBi. B KpaiiHix 
DOJJO>KeHHJIX TOnOK Mae CKOpicTb· u = o, THM TO A HUHB3IOTb ui nono­
)l(eHHSI MeptBHMH. Kona 1<pyroea cKopicth v eitpRHHUi e eenH'IHHa 
CTana, TO Haii6iJJbWa CKOpiCTb TOJJOKa BHD8,ll88 B uiM paei, SIKfnO 

-[- = ~, npa6nH>KHO Ha um.ax= 1,02 v, ce6To aa 2'/0 6inbme aa Kpy­

roey CKOpiCTb eiTpRHH'IHOrO ()iryHa. HaA6iJJbW3 CKOpicTb TOJJOKa npB­
OaAa6 Ha KYT 'P = ca 79° nepe,llHboro XOllY, a6o Ha KYT <p = ca 10 I 0 

BaJlHhoro xo,qy. 

•) TyT v = r dd~ e 1<pyroaa CKOpicn eiTpRR•'IHoro 61ryHa. 
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B naposax MamHHax niA cnoeaMH ,,cKopicTb TonoKa" poayMit0r1> 
2sn 

8BH'taHHO cepeAHIO BeJIH'IHHy, mo BHXOAHTb ai eaopy Um= tj(J , JJ.e s-

JJ.OB)l(RH!l OJJ.HOro XOJJ.Y TOJIOKa. 

B ocTaHHi qaca ctana JJ.OBOD.RTH cKopicTb TonoKa llO ana'IHO 6in11-
wax eeml'IHH, Hi>K Qe 6yno paaiwe. CKopicTb um= 4 m/sec B>KHBa6TbCR 
Tenep RKO npaeano. B 6iJibW riHKHX Mawanax JJ.OXOJJ.SITb JlO 4,5 m/sec 
i aaeiTb nepectynaIOTb aa Qe 'IHcno. 

PucyHoK 148 noKasya aane>KHicTb Mi>K 
cKopicTIO To.1101<a i4 Aoporoio itoro. Han-
6inhwa c1<opicTb Umax nepeeumye cepe.O.HIO 
um npa6JIH>KHO Ha 60 ° I 0 "ii. KonH l = oo, 
KPHBa CKOpocrei nepeXOJl.HTb y Kpyr. 

c) flpHCKClpeHHSI TOJIOKa. 

I 

- - -c - - - - - - - - - - -
I ~7"U 
~I 

0 . t * 
Fig. 99 

CKopicTb Tono1<a MiHR6TbCSI BiD. HY Jiff (pee. 148) 
JJ.O ffKOicb Haii6iJibWOi BeJIH'lllHH, OT>Ke 
pyx iforo 8 KO>KHY XBHJllO 6 a6o npHCKOplOBaHKH, a6o npHnis~IOBaHltti. 
npHCKOpeHHSI TOnOKa, ei.11.noei,11He SIKOMY He6yllb KYTOBI cp, JUCTaHeMO 
a nonepeJIHbOro eaopy i nicnsr .11.eSIKoro nepeTeopeHHR MaTHMeMo 

k = ~; = (~;r r (cos cp + f- cos 2 cp). *) (80) 

Haif6inhwo'f eenH'lHHH :i,ocs1rae k, 1<0J1H cp = o0 a6o cp = 180°, ce610 
B MepTBHX nono>KeHHSIX. 

flepeJJ.Hiif pyx 

IJO'IHH36TbCR a npHCKOpeHHSIM ( ;~ r r ( 1 + 1-), 
1CiH1fa6ThCR 3 npMniaHeHHffM (n n} 2 

( r ) 
30 r 1 -- T · 

3a.o.Hin pyx 

nOt.tHH~6TbCR 3 npHCKOpeHHffM (jij r r ( I - ; ). 

KiH'la6ThCSI 3 npwniaHeHHSIM (
n n):! ( r ) 
30 r I +--y-. 

Y>t<r.rnaHi Tenep 1mco1d t.tnciia o6oporie BHKnu1<a10Tb .11.ocHn aaa'lHi 
npHCKOpeHHSI. 

( TT 11)1 
(./ <p)' *) TyT -- - = u> 2 = -- . 

. 30 d,/ 
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Am• BHTBopeHHSI ,11.aHoro npHc1<opeHHS1 k rpe6a, mo6 Ha 1 cm2 nomr 
TOJIOJ<a THCHyna CHna: 

G 1 ( n )
2 

n
2 

G ( r ) p = k · -- · - = - · --· · ~ r cos cp + - cos 2 cp = 
g F 30 ~,81 I· - l 

( 
n )

2 
G ( r ) = - · - · r cos cp + - cos 2 cp 

30 F - l ' 
(81) 

.11.e G oaHa'fae cy1<.ynHy eary rono1<a, TOJIO'fHJlbHa, 1<oeaaHUff ii noroHatta 
e kg, F - nonepettttHit nepepia Tono1<a e cm2 i r - npoMiHb eiTpH-

HHU.i e cm ( T, - rone 'fHCJio ), 
9
;

2

1 
'"' I. 

III. TonoKH. 

Ha puc. 149 i 150 no1<aaatto ttaH6inbrne e>1rneaHi JI.JUI enipHattiH aa-
minbHeHHSI. 511< y neprniM, TaK e JJ.pyriM cnoco6i aaminbHeHHR .11ocsna-

~Ha. 
,1'43 
Ti.tel\' aoh1-1 

(puc. 149) (pnc. 150) 

6ThCS1 a JJ.ODOMOfOIO "I 0 x n H ll. h, lllKY­
pRHHX lfH tyMOBHX. Ileprnoro CDOC06y 
Haii6inhrne B)l(HB3IOTb JlnSI BHTSl>KHHX i 
HarttiTHHX CMOKiB, .11pyroro - JI.ml riJl­
paenilfHHX qae (naeHn). 

Ha pac. 149 6a"IHMO nei "IOXnH­
ui - m1 Ta m2; eepxmr (m1) aaTHKae 
ei.a attaJleipHboro THCKY ( nin 11ac ycMo-
KTyeaHHR ), cniJJ.HSI (m11 ) - ein cepeJlo-
aoro THCKy. 3aminhHeHHff AOCRra6TbCSI 
HaTHCKOM 008.llOB)l(HbOi 'f3CTHHH 1.fOXnH­
ui Ha TOnOI<. Ha pHC. 150 6a'fHMO JIH· 
meHh o.rny ttoxnHu·o ni, 60 TYT no~ 

Tpi6Ha TinhKH OJI.Ha aaTHlf1<a - ej.a. cepenoeoro THCKY. Bona, THCHY"IH 
ai-cnoJJ.y, poaTHCKa6 0611,11.ei nonH 1.fOXJIHUi T3K, mo OJlHY npHTHCKa6 ,110 
TOROKa, a ,11,pyry ,11.0 CTiHH )1(0JJ06a, i UHM caMe it aamiJibHI06TbCSI enip­
Half. nepeMiHa OJJ.HO'i lfOXmiUi Ha Jlpyry Bi.1J.6yea6TbCff TYT He T8K npo­
CTO, HK y neprniM cnoco6i, 60 npexo.a.HTbCSI BHHMaTH ,11.m1 UhOro eecb 
snipttalf. 

lfoxnHUb y)l(HB3IOTb .llnR THCKie .110 1000 atm KonH BOJl3 He1.fHCTa 
ii c1<opicTb Tono1<a senu1<a, TO qoxnHui rnBHJlKO ay)l(HBHIOTbCff. B paai 
Jly)l(e BHCOKoro THCKY (Jlo 6000 atm), HK ue 6yeae R 'fat:tax fy6epa, 
aaminhHIOIOTb T8K0)1( lllKYPRHHMH lfOXJIHUffMll, ane npHMilllYIOTb ix 6ea­
nocepe,11.HbO Ha enipttaqax. 

lfoxnaui po6nS1Th aaarpy6rnKH e 4- 6 mm, JJ.alOttH iM po6oqy eacory 
h siA 12 JJ.O 20 mm. 
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B Kpy>KKOBRX TOJIOKax CMOKiB Ami 'IHCTOT BOJJ.H, KOJIH BOHH npa­
QIOIOTb Ha 060,11,ea XO.IJ.H, ,11,aIOTbCSI TaKO>K lllKYPSIHi 'IOXJIHUi, a TaKOIO ca­
MOIO BHCOTOIO po6oqoi, aaminbHOi noeepxHi H rpy6HHOIO, SIK InOHHO no­
AaBaJIOCb BHJ.Ue. 

B cMoKax .11.m1 rapSl'IO"i eo,11,H npn napoeux MarneHax ia xoJIOAHHKaMH 
(arycTHlfaMH) .11.06pe npaQIOIOTb TOJIOKH ·a ,llepeBSIHHMH aamiJIKaMH. 

3euqaatto e Kpy>KKoeux TonoKax y>1<nea10Tb MeTa-
neeHx aaminoK. Ha pee. 15 l noKaaauo aenqauuau on- ~ k 
KpHTHH TOJIOK (TaK aeaHHH UJBe,llCbKHH) 3 .llBOMa aa­
utiJibHHMH KiJibUSIMH. OcraHni po6mtTbCSI a,11,e6inbrnoro 
a Tffr nncToro, a.11e He ,11,y>1<e MSlrKoro qaeyua. 3a-,llnff 
Kpamoro ymiJibHeHHSI, TOJIOKOBi KiJibUSI DORHHHi npHJISI- -
raTH .11.0 criH ei6na a neenHM naTHCKOM i TOMY ix poa­
piayIOTb ye 0,11,HiM Micui, ,11,alO'IH "iM MO>l<JIHBicTb CTHCKa­
THCSI u poaTHCKaTHCR. 6 .11.ei ei,11,Mini TOJIOKOBHX KiJibUiB: 
c a M 0 n p y )I( H i KiJibUSI i TaKi, mo uaTHCKalOTb ia .11.0-
DOMOrOIO einnoei,11,HHX p 0 an p y >K H HK i B, .o.yme pi>KHO- (pllC. 151) 
ManiTno"i «t>opMH u 6y,11,oeu. 

CaMonpy>1<ni KiJibUSI 6a'IHMO Ha pee. 152. Ix BCTaBJISl-

IOTb y >KOJI~6KH TOJIOKa a 'IOJia. fpy6uuy KiJibUiB 6epyrb: ;·f. ~' ~~ 
s < 30 D, SIKll(O rpy6nHa BCfO.llH OAH3KOBa, l ~ ·~ 

n : 
1 (82) ~ .. ~ 

s < 
25 

D, SIKll(O rpy6uHa He 0,11,HaKoea. I 
(pHC. 152) 

D oaHa'laa npoMip TOJIOKa. 
B ocTaHHix rpy6nHa cna,a;a6 R HanpSIMi .11.0 einbHHX KiHQiB, Ae cxo­

AHTb .11.0 0,7 s. BncoTy h 6epyTb e 2 s. 
B aaKpnrux TOJIOKax, .11e KiJibUSI HaLvtralOTbCSI nicnSI ei,11,KpHTTSI o,a;­

Horo oiKa (noKp.HlllKH ei611a), M0>1<na 6parn rpy6uuy 

D ·- 07 s = 20' aMeH31YfOlfH II .llO ' s. (83) 

CaMonpy>1<Hi KiJibUSI noBHHHi MaTH 6iJiblllMH npoMip i poapiay10TbCS1, 
SIK DOKaaaHO Ha pHC. 152, ,lle lfaCTHHa 

a= 0, 1 D, (84) 

nicnsr qoro KiJibUSI o6rottyJOTb, npanacoey10ttH AO npoMipy D ei6na. 
KinbQSI Tpe6a Ta1< yKna.a.aTH, mo6 npopi31<u 01<peMux Kinhuie ue npaxo­
.llHJIHCb onHa nporn npyro'i. 

TonoK Haca.a.>1<y10rb ua 1onolfHJibHO a6o e rapRlfiM CTBHi, a6o npu­
THHaJOTb £ioro 3 llODOMOfOIO cri>l<KOBaroro cnycKy Ha l<iHui TOJIOlfHJibHa 
i CTSlryIOTb rnpy6oIO, a6o Hapernri npHTSlryIOTb KJIHHOM. 
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IV. Tono'IMnbHa. 

Tono':IHJJbHa npaUIOIOTb Haii6inhwe niJJ. rHy':IHM CTHCKOM. ToMy 06-
':IHCJJIOIOTb °ix a JlODOMOrOIO eaopy 

n 2 E <?J 
P=-­

<e> r~ , (85) 

JJ.e l 08H3':1a6 JJ.OB>KHHY TOJIO':IHJlbH3 8 cm, aMipRHY Bill cepeJJ.HbOi nno­
l.l.\HHH TOJIOKa JlO cepeJJ.HHH KOB83HU.H, @) - MOMeHT iHepuii nonepe'IHOrO 
nepepiay TOJJO':IHJJbHa e cm•, e - aanac MiUHOCTH, E - cniB'IHHHHK 
npy)l(HOCTH. 

JtnSI CTOSl':IHX M3UJHH aanac @) 6epeTbCSI : 

ei.a. 8 no 10, KOJIH o6TH)I( MiHR6TbCSI BiJl 0 JlO P, 
BiJl 15 JlO 22, KOJIH 06TSDI< MiHSl8TbCSI BiJl - p JlO + P. 

51Klll0 MO>KHa CDOJliBaTHCff ynapie Dill ':lac CHJl03MiHH, TO @) Tpe6a 6paTH 
we 6inhwe. 

B noaeMHX MarnaHax TOJJO':IHJJbHO npau10s He TiJibKH niJl ruy'IHM 
CTHCKOM, ane H DiA nonepe':IHHM rHyTTSIM OJl earH TO.ROKa. npoTe 00Jl8Hi 
BHllle aHa':liHHSI e rOLJ.SITbCSI H llJIR noaeMHX, ane Manax MaWHH. B 6inh­
wax noaeMHX MaWHHax y>1<HB810Tb .!iaCKpiaHHX TOJIO':IHJJhH, ce6ro TaKHX, 
mo npoXOJlSITb ':lepea o6HJJ.Ba eiKa. Ix 06':IHCJ110t0Tb TaK, mo6 eau6inbwe 
erHyTTSI ni.o. earoJO To .. ioKa He nepecTynaJJo aa 1-2 mm. npoMip TO­
no1<a DOBHHeH 6yru MeHUJHH OJl npoMipy ei6na, BiJlDOBiJlHO JlO JlOnyme­
~oro erttyTTR. 

Y. Koa3aH4i. 

l{oeaaHui CJJY>KaTb JI.Jiff aa6eane'leHHSI KiHU.SIM TOJIO':lftJJbH npoCTOJJi­
HiHHOrO pyxy. BoHH po6nS1TbCS1 aaii6in1>we a qaeyHa i nuwe E riHKRX 
M8WHHax -- ia neKrnoro MaTephrny - cuneeoro neea, mo6 aMeHUJHTH 
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ennue Mac.n. Po6ottHM noeepxHSIM 
KOB83HUSI H3Jlal0Tb 3Jle6iJihUJOrO 
ei6ny cpopMy (p.nc. 153 Ta 154), 
BiJl.DOBi,IJ.HO AO poarn'iyBaHHX Ha­
ei6no CKoeay Jib. l<oeaaHeUh ny­
':IHThCff a noroHa1:1eM ia JlODOMO­
rOIO 6iryHa. Qeii 6iryH a6o ca­
JlHTh HepyxoMO B TiJJi KOBH3Hl.\ff, 
a6o KOJIHB36TbCff B HiM. y nep~· 
llliM paai BiH M86 CTi>KKOBaTO 06-
TO':leHi 1duui i npnraHSl6TbCSI JlO 

(pee. 153, 154) K0833HUSI TaK, mo ui KiHui CH-



IJ.S1Tb TicHO B poaTO'leHHX TaK caMO .aipax l<OBaaHI,lff, j aa6eane11y8TbCJI 
ei11.noei.11HHMH aaco6aMn ei.11 euna.aaHHff. B Hoeirni 11acn 11acTo po6nRT1t 
1<oeaaHLli TaK, mo BOHH cny>KaTb aa no>KHChKa .anR 6iryHie; e uiM pasi 
OiryHn CH.llSITb ttepyxoMo e poacoweHnx KiHUSIX nor0Ha11ie. 

JI H )I( B H G HaC31J.>KYIOThCSI aBH'laHHO OKpeMO (puc. 153); ix MO>KHa 
nepecTaHOBnRTH a .llODOMOrolO npOMi>KHHX nnaCKHX Kinbuie m Ta n. 
Tpe6a OJJ.Ha11e crapaTHCb, mo6 Ta1<a nepecTaHoea 6yna S1KHaiipi.o.11e no­
Tpi6Ha, 60 .ao6pe ypetymoeaTH SIKY He6y.llh 'laCTHHY M3WHHH, esarani 
Ka>Ky11u, AOCHTb TPY.llHO, ue aa6Hpa6 'lHMano 11acy fi npaui: THM TO 
Tpe6a CTapaTHCh, mo6 THCK Mi>K KOBBY'lHMH noeepxHRMH He 6ye een11-
KHH, He 6inbwv.u aa 2-- 3 kg/cm2 nnsr c1<opoc1eii 2-2,5 m/sec. I CKOB­
ayni llOBHHHi 6yTH AUCHTh MiUHi, mo6 He BrHHaTHCSI nin THCKOM o6TR)l(­
HOi CHmf KOB88HQSI. 

VJ. 3all,\inbHMKM. 

floKaaaHHH Ha pHC. 155 a a lll i n h H H K CKnaD,a6ThCJI a TaKHX rOJIOBHi­
WHX lfaCTHH : BT y n K H B, a a Ty n K H 8 rHia,[J,i c, r 0 p JI 0 8 H H H H Ta 
a aw p y 6 Ki B E ,llnfl CTHCKBHHSI, npnTy>KyeaHHR aa-
TYJIKH. Ha aaTyllKY B>1<HBa10Tb pi>KHHX MaTepbrnie : 6a­
BOBHH, 1<0Honm1Horo npS1.o.nea, tyMu, wKypa aa6ecTy, 
MeTaneeoro nneTHBa, 11aeyHaux a6o 6iJ10Me1aneeY.x 
Kinbuie, TOW,O. 1 lepeea>KHO I<OpHCTYIOThCSI KOHODJISIHHMH 
a6o 6aBOBHSIHHMH wHypaMH, npOCO'leHHMH caJIOM (D.JISI 
xono,[J,Horo Te'lnea), a6o nocnnaHHMH TanbKOM (.llJISI ra­
PH'loro re11uea). 3aTyJ11<a aaKna,lla6ThCSI e rnia11.o BIO'l­
KOIO HaJJ,OKOJia TOnO":IHnbHa i TicHO npHTOBK36TbCJI 
MOnOTKOM i KYCHHKOM nepeea 6pycKOBO°i cj>opMH. ~06 
niA HaTHCKOM BTyn1<H aaTyJIKa He CTHCKaJiaCSI O,[J,H0-
6i":IHO, Tpe6a BKna,llaTR iJ T3K, lll06 BOHa M8J13 Ha­
,llOKOna piBHY BHCOTy. Q1:ioro neKwe ,llOCSlrHYTH, B>KH-
8810lfH, aaMicTb O,[J,HOrO 11.oeroro UIHypa, WHypoBHX 
KiJihUiB. 

I 

(pee. 155) 

niJl 11ac pyxy TOJIO'lHnhHa aaTynKa ay>KneaGTbCR ei,[J, TepTR it TOMJ 
Tpe6a eiJJ. ":lacy 11.0 'lacy npuTy>KyeaTH ii, npu1<py11y1011H Ha aarnpy6Kax 
eTynKy. TaK caMo Tpe6a JlO,llaearn 11.0 He"i TanhKy. 

Bu611pa10":IH BHMipu aaminhHHI<a, MYCHMO naMSITaTH, mo 6inbwe 
rHia11.o 11.JJSI aaTynKH enMarae 6inhwoi Ta 11.opo>Klfo'i 6y.11.oeu uinoro aa­
WiJibHHKa, ane aa Te eiH lJ.OBllle cny>KHTh. To pi11 6yniBHH'loro poasa­
>KHTH e 1<0>1<HiM or<peMiM paai, HK caMe rpe6a MOMY apo6HTH, mo6 CSy­
.11osa aaminbHHKa euiimna Haii6inhm ei,[J,noei.11Ho10 11.0 n.aHHX yMOBHH. 

J{nSI aBH'laHHHX, cepe11.Hix yMoBHH MO>l<Ha 6paTH 

s = o,65 V"d 11.0 o,s fd, (86) 
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ta1< mo 
D= d + 2s. (87) 

Tyr s, d Ta J) noAaHo B cm. 
Kona aaminbHHK npuaHa'la&TbCR 11.nR napH, nosirpSI 'IH raaie, To 

BHMip s Tpe6a 6paTH 6iJibWHii, Hi>K ,llJISI TetfHBa. SIKll.\O npoMip TOJI0-
1.fHJlbHa aaH8ATO MaJIHH, TO AJIR apy'IHOCTH aaTHK3HHR BHMip s DOBHHeH 
6yru nopiBHIOIO'IH 6iJibWHH, Hi>K KOJIH TOJIO'IHJlbHO rpy6e. 3 l\HX npH'IHH 
y eaopi (86) aanaweHo AJISI ea6opy s neeHy ceo6011.y. 

Buco1y h aa1yn1<H Tpe6a 6para aas6inbWKH e 

h=D. (88) 

Ane e >KaJJ.HiM paai h He cMia 6yra 6inbwe aa 6 s - 8 s. 
BHCOTa aary.nKH npOTH napu ii: raay DOBHHHa 6yTH 6inbwa, Hi>K 

npOTH Te'IHBa. 
Konu BiAaHatfHTH 'lepea i KiJibKicTb aawpy61<iB y aaminbHHKy, 11epea 

a -- ix npoMip y cm, 11epea p - THCK nape 'IH raay e kg/cm 2
, ro 

MO>KH8 npHiiHRTH, mo 

~ (D2 
- d2

) 3 p = 120 i o2 AO 135 i 02
, (89) 

]l,e p DOBHHHO 6yTH He MeHwe BiA 3. 3BiAQH AJIR 11.auoro i o6'1HCJll06TbCR 
1 II 

npoMip 0 wpy6H. SIKmo d' BHXOAHTb Meuwe BiA. 2 ' TO rpe6a 6paTH 

1 " 
TSKH d' = 2 , 60 wpy6u MeHworo npoMipy eaarani Mano B>KHBalOTbCR 

B M8WHHOBiM 6y11.iBHHL\TBi. 3 no,o.auoro BHme eaopy (89) d BHXO,llHTb aa­
eeJIHKe, ane a ornSID.Y Ha Te, mo aawpy6KH npHXOAHTbCR '18CTO niATRry­
BaTH, a6iJlbWeHHH aanac MiQHOCTH ix He 8 aanBHM. 

lloB>KHHa h1 cniAHbo'i erynKH 6eperhCSI e noaeMux napoeux M8WH­
Hax aae6iJlbWKH B 

(90) 

Cni,o.Hi erynKH po6nRTbCR a rHiAOMi.llHQi a6o craneeoro nuea. l'py6uHy 
CTiHKll cniD.HbOi erynKH po6mtTb aae6inhWI<H BiA 4 .o.o 12 mm, e aa­
ne>KHOCTi BiA npoMipy TOJIO'IHJlbHa. 

B Hoeiwi 11acu cranu ace 6inbwe ii 6inbwe BXO.llHTH e y>KHTOI< aa­
uUJibHHKH a MeTaneBOIO aaTynKOIO, OC06JIHBO B DJpOBHX M3WHHax, mo 
npaQIOIOTb niA BHCOKHM THCKOM i a neperpiBOM, Ta 8 raaoeux M3WHH8X 
ia o6a6i'IHHM THCJ<OM. Qi aaminLHHKH norpi6yt0Tb 6eaycraHHOrO ii DBJlb­
Horo MaaaHHR. 
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Poa.i:un CbOMHA. 

BITPJIHI1UI. BI,ll;OCEPE,Il;Hlll\ll, rroroHA q1. 

I. BiTpAHM4i. 

BiTpS1HHue10 ttaaHBaGMo ttaca,ll>KeHy Ha ea11 1<op6y (ei,llaHatieHa Ha 
pac. 145 6y1<eot0 R), mo cny>KHTh .llJIR nepeTBopeHHR npocTOJiiHiiiHoro 
pyxy TOJIOl<8 M l<OJIOBOpOTHHH pyx eany, a6o Haena1<H - KOJIOBOpOT­
HOrO pyxy ea11y B npocTOJiiHiHHHH pyx TOJIOKa. BiTpRHHui po6nHThCR 
aBH'laHHO a 1<0By•mro aaniaa i M8JOTb «j>opMy, no-
1<aaaHy Ha pHc. 156. Pi.llKO ii :>,lle6nbworo TinbKH 
B M8JIHX MaWHHax eiTpSIHHui po6nRTb ia qaeyHa 
i Ha,llaJOTb YM «j>opMy KPY>KKa. 

(p"c. 156) 

0611HCJJIOJOllH BHMipu eiTpRHHQi, HBKHllBIOTb 
nonepeAy Ha-01<0 npH6JIH)l{HHH HapHC 1i T3 ni.upa­
XOBYIOTb, Rl<i HaH6iJibWi BHCJlillHi (ano>KeHi) Ha­
npy>KeHHff noecTalOTh y nepepiaax I -I Ta I 1-1 I 
aa npoTRai o.11Horo o6opoTy. SIKwo ui Hanpy>KeH­
HR BHXO,llRTb 6iJihWi aa 600 kg/cm2

, TO atiinhWHB­
WH y ei.11noei.llHiii Mipi BHMipu BirpSIHHQi, o6'1HCJllOIOTb iY H8HOBO. Haii-
6inhwi 8JIO>KeHi Hanpy>KeHHR IlOBCT8IOTb npH6JIM>l<HO B TOllK3X m i n 
nonepe11Horo nepepiay, a TOMY ,llOCHTb nepeeipHTH n11weub ui MiCIUI. 
SIKHM nono>KeHHSIM eirpSIHHui eiJJ.noei,llaG Haif6inhw HecnpMSITnHBHH .llJIR 
Hei o6TSt>K, aane)l(HTh HaH6iJibWe Bill aMiHH THCI<Y p Ha t>iryH BilpRHHui. 
Sl1<mo HeMa6 MO>KJIHBOCTH BH3H8tfHTH a neeHiCTIO ue Haii6inhW uecnpH­
RTJIHBe DOJIOlf<eHHSI, TO He JIHUJ36TbCR uiqoro iHWOro, HK nepeeeCTH 06-
lfHC.rieHHSI ,llnSI CfdJibKOX OOJIO>KeHL. 

Ko1rn P oaHattae CHJIY THCI<Y Ha eiTpRHH'IHHH 6irytt, a N Ta T TI 
BiA60'IHHH - B npoMiHeBiM Ta o6eol(nBiM HanpRMi, TO nepepia /-/, mo 
aHaXOAHTbCR Ha ei.11craHi x Bi.ll oci 6irytta, HaMaraioncR : cHna N po­
sipBarn, MOMei-lr Na airnyTH, cana T apiaaTH. MOMeHT Tx airHyTH, i 
MOMeHT Ta CKpyTHTH. 06lfHCJIRBWH 3Bi.llUH Hanpy>tceHHR 8 TOtfK8X m in, 
CKJl3,ll86MO Yx BiJJ.OMHM ia Teopil MiUHOCTH MatepiRniB cnoco6oM i ,llicTa-
6MO noTpi6He HaM BJIO>KeHe Hanpy)l(eHHR. 
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3ae6i11bworo 6yeaa TaK, mo Mepree aono>1<eHHR eiTpRHHQi ei,11,noei­
Aaa Haii6iJibW HecnpHRTJIHBOMY 06TJ1>1<eei; i TOMY B uiM paai npnxo­
AHTbCSI o6'1HCJJJITH Ti TiJibKH Ha pOBTJlr qa CTHCK, B aaJie>KHOCTi BiA Ha­
npJIMY CHJIH THCKY P Ha 6iryH, Ta Ha rHyTTSI MOMeHTOM Pa. 

BiTpSIHHQi Haca,11,>1<y10TbCSI Ha ean aeaqaifHo e rapst'iiM craHi, a TOMY 
"ix oTeip ( d1) poaro'iyt0Th Ha 5 ° / 0 ey>K"le, Hi>K npoMip eanoeoro yaei­
cKy. SlKmo BiTpRHHQIO HaCaJJ.>KYIOTb a JJ.ODOMOrOIO riJJ.paeni'iHHX qae, TO 
yaeiCOK eany 06TO"IY6TbCJI Ha CTi>KOK ia HaXHJIOM 1 : 100. 

flpoMip D aiTpRHHlfHoi KOJIOJJ.Hui po6nRTh aa86iJihUJKH e 2 d1 , a«:So 
ii MeHwe, a Yi JJ.OB>KHHY l > D. flpoMip d2 Tpe6a po6HTH aae6iJihWKll 
B 2 d i JJ,OB>l<HHY l1 = 1,5 d .-

8eJIHKi BiTpffHHQi MalOTb aJJ.e6iJibWOro npOTHBarH )I.Jiff apiBHOBa>KeHHR 
caMO°l eiTpRHH~i ii lf8CTHHH TOJIO'iHJibHa. 

II. BiAocepeAHHKH. 

BiJJ.ocepell.HHK a enacHe He mo iHwe, RK Ta caMa eiTpRHHUR, TiJJbKH 
npoMip i1 6iryHa d 6inbWHH, Hi>K 2 R. flpoMiHh eiTpffHHI.\i HaaaeaeMo 

(puc. 157) 

TYT Me >K H e i cc ff M Ta eiiumaqaaMo 6yKeoio 
(! (pac. 157); BiH 88Hlf3HHO ll.y>1<e Manaii. 
BiJJ.ocepe11HHK Mae TY nepeeary Hall ehpsiaa­
ue10, IUO Biff MO>l<e 6yTH H3C3Jl>KeHHH He TiJib-

n KH Ha yaeiclly, ce6To Ha KiHui eany, SIK ei­
TPffHHUSI, ane if JJ.e He6y.a.h no-cepeJJ.HHi iforo. 
3a Te Maa eiH TY xa6y, mo e HiM poaeHea-
6ThCff eenaKe TepTff B 3Bff8KY a eeJIHKHM 
npoMipoM 6iryHa. 

BiJJ.ocepeAHHK MO>KHa 0T>1<e apunMarn aa 
6iryu ia apoMipoM d Ta ,11,oe>1<HHOIO b. ToMy 
UIO JJ.OB>KHHY o6'iHCJII06MO a ao,11,aHoro B>l<e 
pattiwe eaopy 

b>~~. 
==- w (91) 

Kona ei,11,ocepellHHK tfaeyHHHH, a XOMYT ( o6iHMHUR) aaniaHHH a6o cTa­
neeaii, ro 6epeMe w = 10000; KOJIH >K xoMyr 83JJHTO t5i11HM Meranoa, 
a BiJJ.OCepeJlHHK 3HOB >1<e T3KH tfaHyHHHH, TO 6epyTb w = 20000.' 

I.J..to6 BiAocepe,llHHK He Mir eucyttyTHCb ia- ni.ll xoMyra, ocraHHiH ao­
BHHeH Marn a o6ox 6oKie ttanymetti Ha eenHlfHHY y tiiHUR. LU eiHQSI 
,u.o6pi me i.t THM, mo n0Mara10rh Maai ,11,ep>1<aTHCh Mi>1< xoMyroM ra 1:1iA­
ocepe,11,HHKOM. 
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III. noroHa~i. 

I. 3 a r a .11 b Hi y Bar H. 

noroHalf CJIY>KHTb BBHttaHHO ,llJISI CDOJiytteHHR ,llBOX CiiryHiB (.llllB. 
pHc. 145): O.llHoro, mo nopywyeTbcR npocTOnieiHeo snepeA i eaa,ll (6i­
ryH KOB88HI.V1), i .llpyroro, mo eiil6yeae KOJIOBOpOTHHH pyx (6iryH Bi­
TpRHHQi). Bi.11.noei.llHO AO Qboro KiHu;i normiatta, TaK aeaHi r on o e Ka, 
DOBHHHi M3TH 6yAOBY JIO>KHCbK. 51KUJ.O )I( O,llHa ronoeKa, a caMe Ta, lll.O 
cnonytta6TbCSI a KOeaaHueM, poacoweHa A eece e coCii 6iryH, TO eiADO­
ei,a.He iioMy JIO>KHCbKO CH.llHTh y KoeaaHui. 

Ha p0c. 158 - 161 no­
KaaaHo norottatt y ABOx Me­
Tax: noaeMiM i ttonoeiM; tte­
pea s BiAaHa'leHo ronoeKy, 
UJ.O Hane>KHTb ,llO BiTpSIHH'l­
HOro CiiryHa ; lfepea Ii: - ro­
noe1<y, mo ei.a.noei,llae KOB­
aaHQeBoMy 6iryHoei. 3a­
MicTb ronoeoK s Ta k, y>1<H­
eat0Tb me rOJIOBOK Si Ta ki· 

fOJIOBKY s HaaHBalOTb o ,ll­
K pH T 0 IO; TaKa 6y llOBa ,llO -
a~OJIR6 B>KHBaTH ii TaKO>K i 
AJISI KOJiiHlf3CTHX eaniB. fo~ 

-e --1 ~-
'-<- - -------····'-·- ·-· - - . _____ J 

-cl:o- - - - --- ~--

-~- -~-
(pee. 158-161) 

JIOBKY Si H8BHB8IOTb a a K pH T 0 IO. B Mipy BHOCy JIO>KHCbKOBHX MaTO'IHH 
y ronOBK8X nepwoi 6yAOBH, ix CTRfYIOTb ia ,llODOMOfOIO nporOHHlfiB, y 
ronoe1<ax itpyroi <tJopMH UR crn>1<1<a po6HTbCR a ,llonoMoroIO KJIHHa. A 
CTaHOBOi wpy6H. nporOHHtti fOJIOBOK Tpe6a po6HTH .llOCHTb rpy6HMH 
if MiUHHMH, mo6 BOHM He eu,11.oe>1<yeanHcb ni.ll 'lac npaQi. ronoeKy k 
ni,llTSlfYIOTb ia ,llODOMOfOIO CT8HOBOi wpy6H, mo npOX0,11.HTb ttepea~pyxo­
MHH KJIHH b, i niJJ.KJIHHHHKa a; e ronoeu;i )f( ki Qboro caMoro AOCSiraIOTb 
HaTHCKOBOfO wpy6mo g. 

JlerKo apoayMiTH, mo ei,11. niATRryeaHHR ea,ll6iryHoeoi, aHa.11.eipeboi 
M3TOlfHHH BKOpoqyeTbCR ,llOB>KHHa l noroHalfa, a Bill niA_TRryBaHHJ.I niA­
CiiryHoeoi, ei.llcepe,llHbOi M8TOlfHHH a6iJibWY6TLCR JJ.OB>KHHa l. 3 or JI RAY )I( 

Ha Te, UJ.O ,llOB>KHHa noroea'la DOBHHHa aanuwaTHCb aaecirAH O,llH3KOBa, 
Heaa11e>1<Ho eiA aeocy MaTOlfHH, Tpe6a, mo6 O,llHa Aoro ronoeKa niATR­
ryeanacb OAHHM cnoco6oM, a Apyra - .llpyrHM. *) EalfHMO, eanp., mo 
ni.llTRryeaHHR ronoBKH s aMeewya .11.oe>1<HHY noroea'la, a ronoeKH k -
a6iJibWY6 ii, THM lfaCOM, RK y ronoBKaX S1 Ta kl Qeii npoQeC i.11.e HaB­
naKH. 

*) QinKOBBTo HnpieHATD u,i ni.1nsiryeaHHA HiKona ee BAB&TbCR, CSo IUlTO'fBHB 
8 o6ox ronOBKSX: ay}l(BB8IOThCR He 8 O,llHBKOBiii Mlpl. 
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noroea11i, ino BHKoeyioT&CH u1m paaoM ai ceoiMH ronoeKaMH 'IH 
nonoBHHKaMH ix, Tpe6a po6HTH a eaiininworo TRrnucTOro neToro aa­
niaa, 6o poanaM ix npoea.D.HTb AO Ay>Ke TSDKKHX eacniAKie. QieKa noro­
ea'la npau10e aaii6inbwe niA rey11HM CTHCKOM. Ha11py>1<eHHS1, ino Yx BH­
KnHKaa aea11aiiee reyTTsr niA ennHBOM· can: enacttoi earH, Teprsr Ha 
6iryei eiTpsreHui Ta ieepuii - a.tte6inhworo He 6epyTb ea yeary, aa-
6eane'lyro'IHcb OJI. Hboro .11.oeinbHHM eH6opoM eenaKoro aanacy Miuno­
CTH @). 

2. fl 0 r 0 Ha l.f i Ma. JI 0 'i ii: Ce p e ,[I; H h 0 l CK 0 p 0 CT H. 

a) lloroea'li a KpyrnHM nonepe'i'IHM; none cepeAHhoro 
n d 2 

n one p e "I H o r o n e pep i a y f m = ----f-· 

51Kmo 'lepea P ei.D.aHa'IHTH eaii6inhwy cHny, ino ,11.is e Hanp,rMi 
DOBJJ.OB>KHbOl oci noroHa'la, TO 

n 2 E® 
P= ~T· (92) 

.11.e @ oaeaqaa MOMeHT ieepui"f nonepe'l'ISI noroea'la e cm', l - AOB>KHHY 
noroeaqa B cm, a @5 - aanac MiUHOCTH, F, - CiiiB'IHHHHK npy>KHOCTK. 

l<onH eaHTH E = 2.000.000, ® = 25, @ = ~ din 4 = ~ ~0
4

, To eaip 

(92) nepeMiHHTbCSI 8 

p = 40000 d~'. 
L-

(93) 

a. eanpsMi AO ronoeoK npoMip norotta'ia MO>KHa aey>1<yeaTH; ane 
88H'l8HHO aey>1<y10Th iioro nHwe B eanpHMi .IJ.0 rOJJOBKH KOBaaHu,eeol, 
THM '13COM RR AO Apyroi ronOBKH eaeiTh a6iJJbWYIOTb, rOJJOBHHM 'IHHOM 
JJ.nSI OCRrHeHHSI Kpainoro BHrnRAy, 60 eiTpSIHH'IHi rOJJOBKH M8f0Th a,IJ.e­
tHnbWOro 6inhmi BHMipH. 

Ansr MaWHH a .1J.y>1<e noeinhHHM XOJJ.OM rpe6a 6parH e = 33; .1te ni.D. 
qac aMiHH XOAY 6yBaIOTb y.D.apH, SIK Hano.. e CMOKax, TBM 6epeTbCR 
@5 = 40-60 i eaeiTb 6inhwe. 

b) noroea'li ai cTop'iopaMeHHHM nonepe'i'ISIM. 

(llJHpHHa b i BHcora h = 1,75 b JtO 2 /, e rm no-cepe.D.HHi noro-
1,• h 

ea-ta). 51Kmo BBRTH E = 2.000.000, e = 15, e = 13 ' " = 1,8 b, TO 
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BHXOJl,HTh 
b .. 

p = ~ 200000 p· (94) 

BHMip b e a,o.e6inhworo cTana, HeaMiHHa eenHlfHHa a.11.oe>1< noroHa­
lfa, h - aMeRwyeTbCSI u BiJJ.noei,11,Ho a6inhWY6TbCSI B HanpRMi JJ.O ro­
noeoK. 

3. II o r o H a 1.I i B e JI M Ro I c Ko p o c TH. 

Ao TaKHX noroHalfiB uane>1<aTh llHWJii napoeoaie. l.fepea aHalfHY 
WBHJJ.KicTL "ix pyxy, cana P 06TS1>1<ya noroHalf nuweHb Ha KOpOTKY 
XBHnlO, TaK lllO HeMa6 lfaCy ,11,nSI TOfO, UJ.06 8MiHOilOCTaTh HOfO p08BH·· 
uynacb y noeHiH Mipi, ce6To Ka>t<yttH iua1<we, He6eane1<a poanaMy MeH-

rna. ToMy @5 MO>t<Ha TYT 6paTH MeHwe, npH6nu>KHO aae6iJJhllJKH ei,11, ~~ 
10 

.llO 3 . KonH eaSITH J: = 2.000.000 Ta h = 2 h, TO JJ.iCTaHeMu 

b4 b4 

P = 1.000.000 f no 500.0CO 12. (95) 

3 OrnS1,11.y Ha Te, lllO qepea WBHJl.KHH Xi.ll DOBCT8IOTb y U.HX noro­
Halfax eeneKi CHnH iHepQi"i (i'Hylfi), iM 'IaCTO H8}lal0Tb <tJopMy I ' BH6H­
patolfH a 601<iB MaTepislJI, mo6 U.HM aMeHWHTH Macy, a paaOM ia THM 
i CHnH iHepuil 

n p H K JI a ,II.. HaH6inbwa cirna THCKY Ha TOnOK p = 25.000 kg. 06-
lfHCnHTH npoMip noroHalfa aaB.QOB>t<KH e 3000 mm, eaJJBWH aanae MiQ­
HOCTH @5 = 25. KinbKicTb o6opoTie eiTpSIHHQi n = l 00, npoMiHb i'i 
I< = 600 mm. ni,11,paxyeaTH TaKO>K ruylfi if poaTs1>1<Hi Hanpy>1<eHHS1 a no­
roHatfi. 

3 ,11,0DOMOfOIO eaopy (93) 3H3XO,ll.HMO npoMip noroHa'la : 

40 000 
d4 

• 4 25.000. 3002 

p = : . l2 , 881,11.KH d = 40.000 = 56.000; 

d = 15,4 cm=~ 155 mm. 

PoaTS1>1<He -Hanpy>1<eHHS1 6y,11.e 

- p . 4 - 25.000 . 4 - 2 
kr. - n di - ~5,52 - ~ 130 kg/cm . 

ruylfi uanpy>t<eHHSI B noroHalfi BHKJIHK810TbCSI CHJI3MH iuepu.ii itoro. 
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Poar m1HeMo JIHUJeHh ei.o.ocope.o.Hi CHJIH. 1..Qo6 ni.o.paxyeaTH Yx, poaeama­
THMeMo T8K: 

2 

BiAocepeAH6 npucKopeHHR eiTpRHHllHoro 6iryHa a u = ~, .o.e v, 06-

2 n Rn 
BOAOBa CKOpicTb ocepe,11,Ky 6iryHa, piBHSl6TbCSI 60 . BnpoeaAHBUJH 

aaMicTb v QIO eeJIH'IHHY' Jl.icTaHeMO 

( 
2 n · 0,6 · 100 ) 2 1 

n = ---60___ . o,6 = 66 m/sec2
• 

l...\e caMe npncKopeHHR Mae u eirpRHH'IHa ronoeKa noroHaqa; u Mipy >K 
Ha6JIH)l(eHHSI Jl.0 KOBaaHQeeoi rOJIOBKH ei,o.ocepe,11,Hi npHCKOpeHHSI Mac no­
roHalla ctyntteeo .MaJiitoTb i Ha u.iH ronoeQi cna.o.atoTb .o.o aynff. TaKHM 
'IHHOM MO>KHa paxyeaTH, mo cepeJl.H6 npHcKopeHHR Qinoro nor0Ha11a 
6y,o.e 

- u - 33 I 2 Um - 2 -- m sec . 

30 · 1 552 
· n 

Bara Qinoro noroHa'la 6y,o.e G = -·---T--. 7,8=~450kg(TYT 
7,8 - nHTOMa 'IH O.llHHHllHa eara MaTepisiny) Paxyio'IH, mo eirpHHH'IHa 
rOJIOBKa ea>KHTb TpeTHHY U,bOro, MantMeMO CHJJY ittep1d'i u,inoro noro­
Hallfa 

c = ~_1_~~ . 1t = 450. 1113. 33 = ~ 2000 kg 
g · m 9,81 . 

SIKUlO aa-AJIR npocToru npHHHRTH, mo Qeu o6TR>K poa6nea6TbCR 
piBHOMipHO no QiJIUt AOB>l<HHi noroHa'la (B AiHCHOCTi Qe He Tai<), TO 
Hait5inbrnttn rtty'IHH MOMeHr (no-cepeJl.HHi 11or0Ha11a) 6yAe 

Mb= fJ. = 2000. 300 = '"'-' 75000 kgcm. 
8 8 

MoMeHr Bi.llnopnocru nor0Ha11a 

1 
H'= 

10 
· 15,53 = ~ 372 cm3

• 

Or>1<e 

k = 1\!Jb = 75000 = 1""' 200 kg,'cm2. 
b w 372 

CyKynHe Hanpy>KeHHR 6y.o.e 

kz +kb = 130 + 200 = 330 kg/cm2
• 
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P03Al11 BOCbMH~. 

BIBJIA, 'I'PYBM, X.IIIUil\11. 

I. Bi6na. 

Bi6na po6mtrb ia qaeytta, piD,'le ai craJ1.eeoro nuea. fpy6uHy ei6-
JIOBoi CTiHKH e116upa6MO B aane>KHOCTi Bi,ll npHaHa'leHHR Bi6na. t.faeyHHi 
eiCSna ,llJIR CMOKie po6JIRTbCR eaerpy6lllKH B 

I 
s = 

50 
D + 1,0 cm, Konn Yx ei.o.nuearn CTOp'IMa; 

I 
s = 

40 
D + 1,2 cm, Konn "ix eiD.nneaTH ne>KMa. l (96) 

B .ll&HiM paai MipoAaHHHMH 'IHHHHKaMH a yMOBH euroToeneHHff, nepeeoay 
ii ycTaHOBKH. D oattaqaa cepeJlOBHH npoMip ei6na. 

SIKmo ei6no nicm1 ei,llnHTTJI poaroqyerbcR Ta oKpiM Toro e Mipy 
aaocy Mae 11.te noTiM paa 'IH D.Ba poaTOtffB3THCff, TO D.O euwe no,llattoi 
rpy6aeu rpe6a D.OD.aru me 0,3-0,5 cm. 

,llnR Bi6en riD,paenilfHHX qae, mo npaQIOIOTb ni,o; cepe,llOBHM THCKOM 
p kg/cm2

, KOpHCTflOTbCR ,llOCHTb AOKJla,llHHM eaipQeM 

(97) 

11K~O eaarani rpy6uHa CTiHKH HeBeJIHKa nopiBHIOIO'IH a npoMipoM Bi611a. 
B l(iM eaipQi r 1 oaHa'la6 cepe,lloeaii npoMiHh ei6na, k. 6eaneqHe poa­
TJDKHe Hanpy>KeHHff. t(m1 qaeyHa Qe Hanpy>KeHHff MO>KHa 6paTH y BHCOTi 
300-600, .11.nR craneeoro nuwa 1000-2000 kg/cm2

• 

Konu r.epeD,oeuii THCK eucoKnii, a rpy6atta cTiHKH nopiBHIOIO'IH 
a npoMipoM ai6na eenHKa, TO rpe6a KopucryearucJI eaipQeM : 

. . .. . 2 2 v k. + 0,4 p aHaABlpHtH npOMlp r. = r 1 k _ 
1 3 

. 
Z I p 

(98) 
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CTiHKH napoeHx ei6en M0>1<Ha po6HTH aaerpy6rnKH e 

s = 5
1
0 D + 1,3 cm, KORH ei6na BiAnHBaJOThCSI c10p1-1Ma; f 

s = 4~ D + 1,5 cm, Konn ei6na BiAJJHBaJOThCR ne>1<Ma, 
(99) 

,11.e D attoey oaaa1-1ae cepe,11.oeun npoMip ei6na e cm. 

IT. Tpy6H. 

CepeAOBHH npoMip JJ Tpy6u noe1rnett MaTH TaKY eenHtfHHy, mo6 
cKopicTb Te'IHBa 'IH taay, mo npoxo,11.HTh qepea Tpy6y, He nepeeHmyeana 
neeaoi MipH. B ,11.oerux eo,11.onpoeonax HaneHri,11.HirnnM npoMipoM s TOH, 
mo BHMaraa HanMeHrnHx enitaTKiB ( nocepe,11.ttix i 6eanocepen.Hix). B Ta­
KHX Tpy6onpoeo,11.ax IlOBHHHi 6y1u ei,11.noei,11.Hi BHpiBHJOBalfi JJ.OB>l<HHH; 
B HHX Tpe6a T8J<O)I( ei,11.noei,Q.HHMH cnoco6aMH 8HHll.lYB8TH noa,11.0B>l<Hi, 
OChOBi CHnH, mo npORBmllOThCSI B MicQSIX aMiHH HanpSl~Ky. 

Tpy6H po6nRThCR a 1-1aeytta (,11.nR eo,11.u, taay, TOD.lo) Ta a 1<0By'foro 
aaniaa (,11.nSI napH, TOll.lO ). YaeyHHi Tpy6H M8IOTh Ha KiHQSIX a6o ropno­
BHHH (poaTpy6a), a6o KpHca. 51Kmo Ha neprniM MicQi CTOSITh YMOBH BH­
fOTOBJieHHff, nepeeoay Ta yKnan.1<H, TO M0>1<Ha npnuMaTn 

s = 
6
1
0 

D -1- 0,7 cm, 1<onu e1rnuea10Th croplfMa; 

1 
s = 

50 
D + 0,9 cm, Konn ennHBaJOTh ne>1<Ma, 

f (100) 

ffI<ll.lO TiJJhKH po60'fHH THCK He nepeXO,IJ.HT'L aa 10 atm, a icmnoBHH 
THCK - 20 atm. B pewri BHMipiB Tpe6a paxyeaTHCSI a eupo6neHHMH 
HOpM8MH. J(nR po6o'loro THCI<Y no-Ha,11. 10 atm rpyCiuHy CTiHl<H Tpy6H 
Tpe6a o6'fHCnroearu ai eaopy (98). 

3aniaHi Tpy6H MO>l<YTh 6yTH KnenaHi (,11.nR BeJJHKHX npoMipie), cno­
IOBaHi, cnorpieaai a6o H Qin1<0M 6ea rnea (MaHecMaHiBChKi Tpy6u). 

JIJ. XnHnHH. 

Poapi>1<Hff6MO TpH eiAMiHH xnHnKiB: enacruei x n H n 1< H, a6o iHaI<rne 
x n H n a I< H tfH x n H n a BK H ( OlJ.HOci,IJ.JIOBi, MHOrOCiAJJOBi i aCiipHi), Jl,8Jli 
I< n SI n H i aapemTi a a c ye K H. OcraHHi nopyrnyrorhcR aenqanHo ei,11. PYI<H 
a ,11.0ilOMOfOIO wpy6e, THM 'f8COM RI< XJIHDl<H ii KRR DH MO)f(YTh npaQIO-
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BaTH caMopyuIHO, aBTOMaTH'IHO, a6o npHBO,[J.HTHCSI B pyx Bi,[J.nOBiAHHMH 
KepltaMH, XJIHOKH 6yeal0Tb Ay>Ke pi>KHOMaHiTHi. noKa>KeMO, SIK 06'iHC­
JISJTH npoMip Ta XiA 8BH'lai'fHoro 0,[J.HOCi,[J.JIOBOro XJIHDKa (puc. '162). 

BiJJ.nOBiJJ.HO .o.o Toro, 'IH noeepxHSI ci.o.na Mae 
nnacKy 'IH CTi>KKOBY <IJopMy, poapi>KHSl6MO n n a c Ki 
ii c Ti >K Ko a i xmmKH. CiAnoea noeepxesi noenHHa 
6yTH SIKHaHMeHma, O]l.Ha'le AOCHTb BeJIHKa ]l.JISI Toro, 
mo6 0]1.HHH'IHHH THCK He nepeXOAHB no-Hall, 80 kg 
]I.Jiff 'laByHa Ta 150-200 ]I.JUI rHiJJ.OMiJJ.HI,d. npHHMa­
IOlfH, mo CKOpiCTb y BiJibHiM nonepeqqj ni]l.XJIHDKO• 

(pee. 162) 

eoro OTBOpy DOBHHHa piBHSITH.CSI ai CKOpicTIO niA ci,llJIOM, y KiJJbQeBiM 
BHXOJJ.i, M3THMeMO ]1.JISI nnaCKHX XJIHDKiB : 

d 
11.e h = 4 BHCOTa XOAY XJIHOKa. 3 OrJISIJlY Ha ri]lpaeni'IHi onopu, eapTO 

ti( 6' d ,11.nR xo.o.y xnun1<a vpaTH eaco1y Tpoxa IJibllJY aa 4 . 
B npocTiM CTi>KKOBiM xmmKy (puc. 163) mupuHa 

x npoxo11.y CT3HOBHTb X' = h cos a = 0, 7 h, SIKll.lO 
ex.= 45°. Sl1<mo mapuHa npoxo11.y noBHHHa 6y1u ~-~~1!llJJI 

d ~~--~~~ 
.t" = 4' TO XiA XJIHOI<a Tpe6a 88SITH aae6iJihllJKH B ~ 

d 
h = 2,8 = 0,357 d. (pHC. 163) 

B TonoKOBHX cM01<ax xnanKH noeuaai aaKpHBaTHcsi SIK pas y TOH 
MOMeHT, KOJIH TOJIOK aHaXO]l.HTbCSI B MepTBiM DOJIO>KeHHi, 60 iHaKme no­
BCTaeanu 6 y.11.apa niA qac pyxy. I..Qo6 11.ocS1rHyTu Ta1<oro aaKpHTTR, 
Tpe6a XJIHOKaM .o.aBaTH TUM MeHllJHH xi.11., 'iHM CKOpicTb TOJIOKa 6iJJbllJa. 
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BiryH-Ha. *) Zapfen. HapOAHR Moea cnoeoM ,,6iryH" HaaHsae Mi>I< 
iHWHM KiHel.lb oci {,,sepe'i") JJ.Bepeu, eopiT, Tor.no; ue e TOH ttin (a OJJ.­
Noro ii JJ.pyroro KiHU.R oci), mo KPYTHTbCR e ,,KaraHu.i", ,,nRTHHKY" -
110>1CHCbKy. SIK 6a11nMo, ueii 11in u.iJIKOBHTO eiJJ.nosiAae ToMy aHattiHHto, 
IQO iioro Mae 6iryH. B Moei niTepaTypHiH cnoey "6iryH" HaJJ.a6TbCR me 
anattiHHSI ,, nontoca" a yeara Ha Te, mo KiHu.i eepei cny>1<aTh aapaaoM 
Hi6H ii nontocaMH i'i. 

B aane>ICHOCTi BiJJ. MicU.SI, JJ.e aHaXOJlHTbCR 6iryH, Tpe6a pm~pi>KHRTH 
.ui BiJJ.MiHi uoro: KOJIH 6iryH aHaXO,IJ,HTLCR Ha KiHQi eany lfH oci, TO Ha-
8HBa&MO HOro y 8 Bi CK 0 M, DO,D.i6HO ,11.0 T3KHX CJiiB, SIK ya6epe>l<>KR, ya-
6i'l'lff, yanicoK, yaMi>1<01<, TOWO. I<onu >K 6iryu auaxOAHTbCJI no-cepe,11,HHi 
eany, TO uaaueaeMo tioro mu ii Ko to. 06u.11.ei Haaeu ro,11,RTbCR ,11,nR Toro 
JIHUieHb BHUaAKy, KOJIH o6TR>KHa CHJia ,11,ie 8 uanpstMi nonepettHiM /J,O oci 
6iryHa. SIKwo >K Ta cana ttanpaeneHa a.11.oem oci 6iryua, TO ocraeHiH 
H38HB36MO n RT o·fO, KOJIH BiH auaX0,11.HTbCSI Ha 1duu.i eany, a6o 06i11. lf a­
K 0 M, SIKWO BiH 3HaXOJJ.HTbCR ,11,e ue6y.Qb no-cepeAHHi eany i TOMY CKJia­
JJ.88TbCSI ai c1d11bKOX 060.11.1<ie. Haaey "nRra" 6epeMo ToMy, wo BiAno­
BiJJ.He 'iii JIO)l(HCbKO uaaueae Hapo,11, II DRTHHKOM .. : " ... y ix TaM i xara 
T&Ka - JJ.Bepi Ha DRTHHI<y". Cnoe. rpiHtt. 

BepmKOBHH 1<pyr. Kopfkreis. 
BepmoK ay6a. Zahnkopf. 
BuKpy>1<eHe Tino. Rotationskorper. 
Bunpi6-po6y. EKcnepuMeHT. Versuch. 
BapieHtoBa'l-lfa. Ausgl,ichvorrichtung. 
Bupnat.v1-ui. Turbine. OpHaHa'leHHR ryp6HHH (BOAHO.i) - nepeTeo­

ptoearu npOCTOU3,IJ,HHH pyx 80.11.H B KOlfOBOpOTHHH. flonap;atolfH Ha JIO­
naTKH noroeoeoro Koneca ryp6HHH, eo.11.a aa1<py11yeTbCR, e Hp ye. B ua­
POAi KOJIOBOpOTHHH pyx BOJJ.H aeeTbCR B Hp 0 M. I TOMY ryp6HHY MO>KHa 
HaaeaTH CJIOBOM B Hp n HI.I. R' lfH B H p y H, lfH no,!J.i6HHM JlO Toro. 

Bucne no>KHCbKO. Hangelager. Bucnuii - cnoeo Hapo,!1.H6: ,,eHcna 
KOJIOAKa ---;- BHCRlfHH aaMOK". Cnoe. rpiHlf. 

*) Haronoc opeoaAa& Ha rpy6we ea6paey ronocie1<y. 
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Bi6nHii. BanbueBHH. Zylindrisch. B cnoe. rpiH'I. ':IHTaeMo: ,,Bi6naii. 
KpyrnblH, uHJIHHJJ.pH'lecKHH". Bi6JIHH o6pytt - o6pyq ia uinoro, Hepo­
apiaaHoro uaeni11 J(epeesrnoro npyra. Bi6na xara - xara a Kpyrnax 
uieoK Aepeea. Bi6m1K, ei6enb - Kpyrna uieKa (,,6peeH0 11

) .11.epeea. 
Bi6110-na. Baneuh, Zylinder. 
Bi6noeuit. Banbueeuit, Zylindrisch. 
BiJJ.60'IHHa CHnH. Seitenkraft. 
Bi.11.mapyeaTH. Ausgliihen. 
Bi.11.ocepeJJ.HHK-Ka. EKcuenrpHK, Exzcnter. 
BiKo-Ka. Deckel. Uiei Haaeu B>KHeaeMo naweHh y TiM euna.11.Ky, KOJJK 

aaKpH838TbCSI SIKHHCb OTBip (BiKHO). ,llm1 iHWHX BHna.11.KiB 6epeMO CJIO~O 
H clKpHB Ka. 

BirpSIHHUR-ui. Kurbel. TepMiH Hapo.11.Hiit. B cnoe. fpiH'f. croiTb: 
BiTpSIHHQSI - MOTbJJlb (e M3WHHax). ,,SIK weperyJOTb, TO BiTpSIHHUSI y 
'TODlfaKy ry.11.e". l...\R Haaea DOXOJJ.HTb otteBWJJ.HO Bi.II. Toro, ~o ni.11. 'lac 
pyxy BiTpSIHHUff a6HB36 eirep. 

BittKO-Ka. Oreip, Lochelchen, Offnung. 
Bo.11.ouieKoeuu Koren-ma. Wasserrohrkessel. 
BnipHatt-'fa. Plunger. 
BTSllKHHH CMOK-Ky. noMna, Saugpumpe. 

ranhMYBBTH. Bremsen. 
fiHKHH. Schnellaufer. B Hapo.IJ.Hiii Moei ue cnoeo Mae rpoxa iHwe 

aHa'liHHSI: riHKHM HaaHea10rh ece re, mo pocre UJBHJlKO it eRpocrae 
TOHKe u eucoKe. A11e Hanea)l.HiwuM MOMeHTOM y aMicri Qhoro cnoea s 
r i H - WBHJlKHH pyx. 

rHiJJ.OMi.IJ.HQSl-Ui. EpoHaa, Rotguss. 6 ue CTOOJIHBO Mi.IJ.i H QHHH, M36 
l.fepeoHSIBHH Konip i TOMY OlfeBHJJ.HO aeetbCff y HiMuie Rotguss. B yKpa­
iHChKiH niTeparypi Hepi.IJ.KO aycrpi'lalOTbCSI CJIOBa "CDH>K"' ,,Cipouaa". 
BfaKHJJ.alOttH OJI.HO u .upyre, RK cnoea 'IY>Ki, yreoplOIO cnoeo r H i Ao • i­
ll.Hu SI, 60 ue CTODJIHBO Ma6 rtti.IJ.y 6apey, a Mi.IJ.b CT3HOBHTh y HiM ro­
JIOBHY ttaCTHHY. 

fHia.IJ.Hme no>KHCbKa. Lagergehause. 
foHOK-HKa. Morop, Motor. MoropaMH HaaHeaeMo a.11.e6inhworo Ti 

pywii, mo Jl3IOTh rnBHAKHH pyx, ce6ro riHKi pywiY. Ha ui.H ni.a.crnei i 
H38HRafO ix r 0 H Ka M H. 

fopnume aamiJJhHHKa. Packungsraum. 
ropJJOBHH3-HH rpy6H. Rohrmuffe. 
ryaup-pSI CKJienaKa. Setzkopf. 

t(aeuno-na. npec, Presse. 
t(earap-psr. EanKa, Trager. Yreop1010 ueii repMiH O.ll cnoea ,,JlBH­

raru", mo 8 yKpaiHChI<iH MOBi 08Ha'la6 mocb B8>KKe HOCHTH, ni.D,iHMaTH: 
rpy.IJ.HO a!l,BHrHYTH - TPY.IJ.HO ni.IJ.HeCTH, 60 ea>1<Ke; no,11,eHraTHCh - ni-
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JJ,OpBaTHCb, niJJ,HOCSJllH Bary; JJ.BHriT - KOJIR IUOCh 88)1(Ke, M8CHBHe XH­
Ta&TbCff: a.a.ear - M3COBHH H3TOBn JltoJJ,eii. 

Eam<a, Trager, Mae npHaHa'leHHff HeCTH Ha co6i, JJ,ep>1<aTH RKYCb 
eary, ffKHHCh TRrap i TOMY, ua MOto AYMI<y, Haaea JJ.BHrap JJ,o6pe BiJJ.­
noeiJJ,ae cyti pe'li. 

Konn JJ.BHrap niJJ..11.ep>1<ye cTento, TO HaaueaeTbCff c Bono Ko M. 
3 ornR,11.y ea <IJopMy nonepe'IHoro nepepiay JJ.BHrapi MO>KHa Haau­

eaTH: Ky T 0 8 HM H, K 0 pH T 'I a c TH M H, 0 c T pi w ff HK a M H (raBpOBHMH), 
AB 0 c T pi Ill H H Ka M H (JJ.BOTaepOBHMH ), a e T 0 B HM H. 

t(eorno6HHH KJIHH. Knoff a no,11.eiHHHM HarsrroM. Gleichschenkliger 
Keil. Ueii TepMiH yreoptoto ei.a. cnoea ,,rno6un1" - aaKpinnRTH KnH­
HOM. MaeMo me Ta11i cnoea: ,,rno6a" - aaniaHHH KJIHH, ,,rnoriOK" 
KJIHH, mo ff HM aaKJIHHIOfHbCSI KOCa; ff38HB3eTbCff iffaKwe n a c K JI H H. 

t(eocrpirnHHK-Ka. I -Eisen. 
LloeroKiJil>'l&CTHH nauutor-ra. Langgliedrige Kette. 
t(yruif. Hohl. ,,JlaffUto>l<OK ia nyroro aonorn". EnuabKe .o.o Uboro 

cnoeo .,nyrenL" - nycTHH ropix. 3 Toro caMoro 1<opiesr ,,,lly'la" -
RMKa. ~JUI CJIOB3 ,,DOJIOCTb" TepMiHOJIOri"IHa KOMiciff rocnOJlapCbKOi 3K8-
,ll.eMii B no.o.eopa.o.ax npOilOl:fye CJIOBO JJ. y TH ff a. Y 'leXiB T8KO)I( du tin a. 

}KoeToMiJJ.HU.R-Ui. Gelbguss. 
}Kypaee11b-BJ1ff, MiCTKOBHii. Laufkran. 

3aeo11i"IKa-l(H. Splint. 
3araproeattuif. Gehartet. 
3areia,11.01<-,11.Ka. Stift. 
3aay6-6y. Verzahnung. 
3a1<11en-ny. Nietung, Nieten. 
3aKpyTHHH MOMeffT-Ty. Drehungsmoment. 
3aninoK-m<a. lfacTHHa 6m1xH eiJJ. Kpaifttboro pRAY wea JJ.O Kpato 

6nRXH (e). 
3anni'IOK-'1Ka. Absatz. 
3annimKa-KH. Flachkeil. 
3acye1<a-KH. Absperrventil. 
3aryi11<a- KH. Packung. 
3arnpy60K-61<a. Stehbolzen. 
3amin1<a-1<H. Packung. 
3ami11bHe Kinhue. Liderungsring. 
3aminhHHK-Ka. Stopfbiichse. 
3rycTH'l-"la. KoH,IJ.effcaTOp. Kondensator. 
3y6"1&CTHH crpH>1<eHh->t<HR. Zahnstange. 

KaaaH- Ha. UuM TepMiHoM HaaueaeMo e napoeiM KOTJii ocHOBHY 11a:­
CTHHY iforo, ce6To caMe ai6no (uui1itta.ep), 6ea ycix iHWHX D.OJJ.aT1de: 
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Oe'li, >1<apOBHX Tpy6, 80,IVIHHX KaMep, TOUJ.O. OapOBHH KOTen MO>l<e CKna­
A8THCR ai CKinhKOX KaaaHiB: Be p x Hi ii Ka a a H - Oberkessel; c n i D.­
H iii Kaaau - Unterkessel; KHniJihHHK - Sieder, TOUJ.O. 

KanHQSl-Ui. Lasche. 
KepMa-MH. Steuer. 
KhBHL\R-1.\i. 51Kop, Anker. 
KnlO':IKOB&THH. Haken form ig. 
Knsrna-na. Klappenventil. 
KoeaaueQh-Hl\R. Kreuzkopf. 
KoBI<HH. Schmiedbar. 
KoeylfHH. Schmiedbar~ 
KoniH':lacrau ean-ny. Gekropfte W ellc. 
l<OJIOJJ.Hl\R-1.\i. N abe. 
KopiHHHH Kpyr-ra. Fusskreis. 
KopiHb ay6a. Zahnwurzel. 
KopoK-p1<a. Kork. 
KopOTKOKinhlf&CTHH ;1aHQIOr. Kurzgl1ed rige Kette. 
KoTOK-TKa. Rolle. 
Kpuca, I<pHc. Flansche 
Kpy>1<KOBHH TonoK- Ka. Scheibenkolben. 
KynR-ni. Kugel. 
KynSICTHH. Kugelformig. 

JlaHQIOr-ra. Kette. 
Jlueo craneee. Stahlguss. 
Jlu>Kea-ea. Gleitschuh. 
JIHHBa-BH. Drahtseil. 
JIHTa CTaJib-ni. Flusstahl. 
JluTe aaniao-aa. Flusseisen. 
JliHKa-I<H. Trichter. 
JliHiR ]lOTHKiB. Eingriffslinie. 
Jlo>KHChKO-Ka. Lager. 
JlyK-Ka. Bogen. 
JlylfHH1<-·1<a. Kupplung. 

Maaueo-ea. Schmierung. 
MaaHUL\R-o.i. Olkanne. 
MauiHKa-KH. Mennige. 
MacTHBO-ea. Schmierung. 
Me>1<usiccR-Cff. Exzentrizitat. 
Me>1<uay6· 6y. Zahnliicke. 
MeT-Ty. Projektion. 
MHorociD.JIOBHH. Mehrsitzig. 
Mory a- aa. Sei I. 
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HaeopoTH'l-'la. Kluppe. 
HaeopO'IKa-KH. Schraubenmutter. 
HarHiTHHH CMOK-Ky. Druckpumpe. 
HaKpHeKa-KH. Deckel. 
HanpRMHe Konima-maTK. Leitrolle. 
HanpRMHHUSl-Ui Fiihrung. 
HamrnbHe Konima- maTu. Spannrolle. 
Hapiab-ai. Gewinde. · 
Ha"IHHHSl-HSI. Werkzeug. 

06H'l&HKa-KH, (KoTna). Schuss. 
06iA'l&K-Ka. Kamrnzapfen. 
06i,lllf&CTe no>KHCbKO. Kammlager. 
06MHCRSITH. Versorgen, versehen. ,,MH Te6e i xniOoa, i OAeHCOIO 

06MHcnuM0 11
• Kyniw, t.IopHa Pana. ,,Ha nona aa ue 1eosauTeo eapiKano ... 

PoKOBUlHHOIO iioro He 06MHcm1no". Kyniw, Map. Borycn. 
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06TA>1<->1<y. Belastung. 
0AHOci.ltnOBHii. Einsitzig. 

nanelfHe J<Oneco. Zahnrad. 
nae-ca. Riemen. 
nacKnHH Ha. Hohlkeil. 
nepeKpHTHH rnee-wea. Dherlappungsnietung. 
niJlKn&JlK3-KH. Unterlage. 
lliJJ.1CnHHHHK-1<a. Keilformige Beilage. 
niJlMOCHHK-Ka. Hebezeug. 
niJlnpy>KHHa-HH. Pecopa. Feder. 
niJlnpy>t<Ha cTanb. Federstahl. 
macy6iHHe no>KHCbKO. Wandlager. 
mmea-BH. Lasche. 
n11icKa-KH. Schale. 
n11imKa- KH. Flachkei I. 
norin-roHy. Betrieh. 
noroHa'l-"la. Kurbelstange. 
floroHOBHH. Treihend. 
noainKa-KH. Teilung. 
nonim<OBHH Kpyr. Teilkreis. 
noKOTOBHH Kpyr. Rollkreis. 
nonepe'IHHH 6iryH- Ha. Tragzapfen. 
nonepe'l 1Ul-lfSI. Querschnitt. 
nopyrnHHH. ( ietriehen. 
nocTynHHH pyx-xy. Translationsbewegung. 
llocxiJl-XOJly. Stelgung. 
nomHTHH rnee- mea. Laschennietung. 



IlpHC&,[l>K)'BaTH. Stauchen. 
IlpHC&AKa-KH. Stauchen. 
nporOHH'l-'13. Bolzen. 
IlpoMiHb-HR. Halbmesser. 
IlpominoK-nKy. Spielraum. 
IlpRM·M)'. Senkrechte, Lot. 
IlRTB-TH. Spurzapfen. 
nnHHK-Ka. Spurlager. 

PaMeHo-ea. Arm, Speiche. 
Pietto60KHH TpllK)'THHK. Gleichschenkliges Dreieck. 
PieHOKp&THHH. Proportional. 
PoaraJJ)')l(HHUR-ui. Transmission. EeepriR, mo A06yeae M8WBH8-

pywiii, CK)'D'IY6TbCR ea norOHOBiM eany n i 8BiJJ,T8M nepeJJ,a8TbCR Ha 
po6o'li MawuHH. Ane He 6eanocepeAHbO. SeanocepeAHR nepeJJ,a'la eeapyqaa 
a TeXHi'IHoro 6oKy. Ans• Uboro e>1<aeat0Tb cneniRJJbHOro npaCTpot0, fAO 
aeeTbCR TpaHcMiciet0. 6 ue aan, 6inbw-Meew JJ,oerHf, ~o neeaail cno­
co«SoM nepe6ipae Ha ce«Se eHeprilO BiJJ. noroHoeoro aany i B>Ke ai,u. ceCSe 
nepeAae YY Ha potfo11i MawHHH, poarany>KylOtfH ii Ha OKpeMi rimca. 8 uiJ& 
p 0 a r a JI y )I( y Ba H H i H DOJJRrae RJJ8CHe OCHOBHe 8&BJJ,8HHR I CJTh TB­
KOro npecrpoJO. CeoiM earJJRJJ.OM paaoM ia uinolO CHCTeMOIO nada "el 
aan noJ106ae Ha uieKy Jlepeea, poarany>1<eaoro a yci 6oKH. Ta• TO Qel 
npHCTpiii i HaaueaJO CJIOBOM p 0 a r a JI y )I( H II u SI. 

10 

PoaroHHtf-'18. Sch wungrad. 
PoanopHo-KiJJb'l&CTHH JJ8HQIOr. Stegkette. 
Poanpy>1<HHK-Ka (npH TOJJOKOBHX KiJJbUJIX). Spannvorrichtung. 
Poacoweeeii. Gegabelt. 
Poa'linHHK-Ka. Ausriickvorrichtung. 

CaMonpy>1<He TOJJOKOBe Kinbue. Selbstspannender Kolbenring. 
CaMOCTBBHe JJO>l<HCbKO. Lager mit Kugelbewegung. 
CaMoxiA-AY· Automobil. 
CeepnnHpKa-KH. Bohrmaschine. 
CK~'IB.llaHe JJO>KHChKO. Geteiltes Lager. 
CKnenaK-Ka. Niete. 
CKninKa-KH. Schliesskopf. 
CKoeaynR-JJi. Schlitten. 
CKpyT-Ty. Gewindegang. 
DIHM&K-Ka. Schnecke 
CnHMaKoee Koneco. Schneckenrad 
CMOK-Ky. Pumpe 
Cnu-.11y. Neigung. 
CnieKpaTHicTh-HOCTH. Verhaltnis. 
Cniha-KH. Schliesskopf. 
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CniBlfHHHHK-Ka. Koeffizient. 
CnorpieaHHSl•HSJ. Schweissen. 
CnorpiBHe aaniao. Schweisseisen. 
Cnot0BaHHff- HR. Lo ten. 
CnpaeHicTb·HOCTH. Leistung. 
CT&JJKa-KH. Litr:e. 
CTaHoee 1dnbue. Stellring. 
CTHlfHe aanpy)f(eHHR. Tangentiale Spannung. 
CThKOK-)f(Ka. Kegel. 
CTOpo>KOK->KKa. Federkeil. 
CTop11aK-Ka. Senkrechte. 
CTOpqoee Hanpy>KeHRR. N ormale Spannung. 
CTOpqoeuila-HH. HopMaJJSJ, N ormale. 
CTopqopaMeHHHH lfOTHpoKyTHHK. Rechteck. 
CTOSlKOee no>KHCbKO. Bocklager. 
CTpinb'i&CTe nane11He Koneco .. Pfeilrad. 
Cyrno6Heii .RY'iHHK. Gelenkkupplung. 

Teopqa-1101 Enzeugende. 
ToKapKa-KH. Drehbank. 
TonoK- Jta. Kolbeo. 
Tono'IHJlbHO-Ha. Ko1benstange. 
TpHeanicTb AOTHKf. Eingriffsdauer. 
Tsrronb-rJJR. Zugorgang. 
TR>KHHK-Ka. Wintle. 

YudnbHHK-Ka. Stemmeisen. 
YaeicoK-CKa. Stirnzapfen. 

Xna n- ny. Klappen ven til. 
XnunaeKa, XJJHDBK, xnunoK-nKa. Ventil. 
XoMyT-Ta. Biigel. 
XpemaTHH. Gekreuzt. 

QleKa-KH. Rohr, Rohrchen, Stromung. 
QieKa >Kapoea. Heizrohre. 

l.faeH, 11ae. Presse. 
l.faeye- Ha. Gusseisen. 
9in, 11ona. Zapfen. 
lfono-na. Stirnflache. 
'fonoeuu 6irye. Spurzapfen, 
'IOXJIHUR- ui. .Stulp, Manschette. 



Wee, wea. N aht. 
lliHiiKa-KH. Halszapfen 
Wpyeia-6H. Schraube. 

LUenena-nu. Backen. 

SlnoeHii. Leer, los. 
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