OIl/J1.9.02.04 IETAJIN MAIIUH
PACYETHI
VYuebHOe mocodue

[IpuBeneHbl METOAWKKA BBIOOPA AJIEKTPOJABUTATENCH, KHHEMATHUECKOTO
pacueTa MEXaHWYECKMX TMPHUBOAOB PA3IUYHOTO HA3HAYCHHS, NaH TaOIWMUHBIN
croco0 pa3OMBKH MEPEAATOYHBIX YHUCET OCHOBHBIX THIIOB PEAYKTOPOB, 0OecIe-
YUBAIONIMKA TMOJTHOE MCIIOJIb30BAHME HATPY30UHON CIOCOOHOCTH BCEX CTYTCHEH
¥ TIO3BOJISFOIIMHN TIOJTyYMTh MUHUMAJIbHBIEC TA0APUTHI PEIYyKTOPOB.

PaccmoTpena coBpemMeHHas METOAMKA pacdyeTa MEXaHWYECKHX Tepenad,
BaJIOB, TIOIITUITHUKOB KAUCHWs, COSAMHCHUN BaJI—CTYIHIIA IITOHKAMH, TUTH-
IIaMH ¥ TTOCAJIKAMH C HATSITOM, METOHMKa BhIOOpA MpuBeIeHHBIX My(dT. Bee me-
TOJHMKH COTIPOBOKIAFOTCS IPUMEPAMH PACcUETOB.

OTtpaxxeHbl 0COOCHHOCTH pacuera 3yOuarhix mnepeaad KopoOoK CKOpOCTeH
METAIOPEKYIIIHX CTAHKOB.

B mocoOuun comepXuTcs 3HAUMTENIbHOE KOJIMUECTBO CIPABOYHOIO Mare-
puana, Mo3BOJISIOIIETO BOCTIOJTHUTh HEXBATKY YUeOHO-CIIPABOYHOM JIMTEPATYPhI
B OMOIMOTEKAX.



1. KHHEMATHYECKHNE PACUYETHI ITIPUBOJIA 11 BBIBOP
SJIEKTPOJABUI' ATEJIEN

[IpoekTrpoBaHue MPUBOHBIX YCTPONCTB HAUMHAETCS ¢ KMHEMATUUYECKO-
ro pacueTa NpUBOAA, 3a/1a4ei KOTOPOTO ABJSAETCA BBIOOP MO KaTaJlOry 3JIEKTPO-
JBUraTens, onpeaesneHre o0Iero nepeJaroyHoro yucia npuBojaa U pa3duBKa
€ro Mo OTACNbHBIM CTYTEHSAM MEpeaau COrJIaCHO KMHEMAaTHUYecKol cxeme. 3a-
KJIFOUMTEJIbHBIM 3TAllOM 3TOT0 pacueTa SBJSETCS ONPEeSICHUE OCHOBHBIX KH-
HEMATHUUECKHUX (YacTOT BPAIICHHS BAJIOB) U CHJIOBBIX (MOIIHOCTEH M Bpalao-
X MOMEHTOB Ha Bajlax ) XapaKTEPUCTUK MPUBOJA.

HexomupiMu TaHHBIMU IS pacdeTa MOTYT OBITh TaKWE MOKa3aTelu:. HO-
MHWHAJIbHBIN BpalalOMid MOMEHT 7 WM MOIIHOCTh HA BaJly MPUBOAUMON B
JIBUKCHUE MAITUHBI Ppy, €70 YIJIOBAas CKOPOCTh (WJIM 4acTOTa BPAICHUA 1),
JUIS TPAHCTIOPTEPOB HEPEIKO 33JAIOT BMECTO MOMEHTA HAa TIPUBOTHOM BTy OK-
PYXKHYIO (TATOBYIO) cHily Ha Baiy Oapabana (wmm 3Be3mouku) Fi (H), ckopocTs
JeHTHl wiu nenn J (m/c), muametp 6apabana Dg (MM), 9uciio 3yObeB Z,, W IIar
TATOBBIX 3Be3/104YeK P, (MM) - puc. 1.1. Ilo 3TUM maHHBIM ONpenenstoTcs 3Ha-
YeHWS BPAIAIOIIEr0 MOMEHTA U YaCTOTHI BPAIICHHS MPUBOAHOTO BaJjia.

1.1. Bbi0op »J1eKTpoaBUraTe sl

DNEeKTPOABUTATENb MOIOUPACTCS BO KAaTajaory mo TpeOyeMon MOIITHOCTH B
COOTBETCTBUHU C PEKUMOM HKCIUTyaraluy MamuHbl. [Ipyu BeIOOpE 37€KTPOaABH-
rateyis pasinyaloT TPU OCHOBHBIX peXUMa PabOThI: JAJIATEIbHBIN, KPaTKOBpE-
MEHHBIN U MOBTOPHO-KPATKOBPEMEHHBIN.

JITATETBPHBIM PEKUMOM PaOOTHI ANEKTPOABUTATEIIS CAUTACTCS TAaKOU, TIPH
KOTOPOM TPOJOJDKATEIIFHOCTh €r0 padoThl 0€3 OTKIIOHCHHS MPH TOCTOSHHOMN
WA HE3HAUUTEJIbHO M3MEHAIOIICHCA HAarpy3Ke MOXKET ObITh O€CKOHEUHO OOJIb-
oM. DTOT PEKUM HATPYKEHHS SJISKTPOJBHUTATENSI BCTPEUACTCS BO MHOTHX
MEXaHWYECKUX TMPUBOJAX - K BEHTWIATOpPAM, HAcocaM, KOMIpeccopam,
KOHBeMepaM, TpaHCIIOPTEpaM, METAJUTIOPEKYIIUM CTaHKaM U TIp.



[ToBTOpHO-
KPAaTKOBPEMEHHBIM pe-
JKHUMOM CUHTACTCA Ta-
KOHM, MPU KOTOPOM pa-
Ooume mnepuoabl uepe- ' Y
IYIOTCS C Tepuogamu
OTKIIIOUEHUA, MPUUYEM Uped I
3a nepuoja paboThl JBU- T e
raTesab HE YCIEBAeT Ha- 4 E ds
rpeTbCd 10 YCTaHO-
BUBIICHCA TEMIIEpaTy-
PbI, a 32 BPEMS OTKJIIO-
YEHHS HE YCIIEBAET OC-
TBITH OO TEMIIEPATYPHI U ped U ped
OKpyXatolieut cpensl. B
3TOM pexume padoTa-

a)

x v —
10T, HAIPUMEp, BUra-
Tenu neGeqoK, TOMb- |I, Nlux 4
EMHBIX KDaHOB M T.I. 2é 36; Pib
[ToBTOpHO- Puc. 1.1 Ntwy '

KPAaTKOBPEMEHHBINA pe-
KUM XapaKTEPU3YETCS OTHOCUTEIBHON MPOJOTKUTEIBHOCTHIO BKIIFOYEHHUSA, KO-
TOpas OMPEACACTCS OTHOIIEHUEM BPEMEHU pabOThl SJICKTPOJABUTATENS K TOJI-
Homy Bpemern mukia (11B,%). Jlns paboTel B MOBTOPHO-KPATKOBPEMEHHOM pe-
YKUME U3TOTOBJISIOTCS 3JIEKTPOJBUraTEIN CIEUUAIIbHBIX CEPHid, HapUMep Kpa-
HOBBIE, B MACMOPTE KOTOPHIX YKA3bIBAIOT MOIIHOCTH ISl paziuunbix [1B. CtaH-
naptaHeiMEA 3HaueHusMH [IB npunster 15, 25, 40 u 60 %. Uem mensbie [1B, Tem
OOJIBIIYIO MOIIIHOCTh MOKET Pa3BUBATh JBUraTENb, HE IEPETPEBASCH.

KparkoBpeMEHHBIM CUMTAIOT TAaKOH PEXKHUM, MPU KOTOPOM 3a pabouuit
MEPUOJ JIBUTaTeIh HE JAOCTUTAeT YCTAHOBHWBIIEHCS TEMIIEpAaTyphl HAarpesa, a
BPEMEHHM OCTAHOBA JOCTATOYHO JUISl TIOJIHOTO OCTHIBAHUS JBUTATeld /10 TEMIIE-
patypbl okpy:xatomiei cpeabl. [Ipu 3Tux pexkumax padoTarOT ABUTATENN ILIIO-
30BBIX MEXAHW3MOB THIAPOCOOPYKEHUMN, MPUBOJIOB MOHTAKHBIX KPAHOB H JIP.
Jliig 3TOoro pexuma U3roTOBJISETCA ClelralibHas cepus asurateneil. B ux mac-
MOPTE YKA3bIBACTCS MOIIHOCTH JUIsl OTIPEACIICHHON MPOJOIKUTENHHOCTH Pabo-
o1 (10, 15, 30, 60 muH.). Takue nBUTATEIN OTIUYAIOTCS TOBBIIICHHBIMA TIEpe-
IPY30YHBIMH U Iy CKOBBIMU CBOWCTBAMM.

B npoekTax, BHIMOTHAESMbBIX IO KypCy JeTajiel MallliH, pa3padaThiBAIOTCS
B OCHOBHOM TPHUBOABI K MaIlIMHAM, PAa0OTAIONIUM TPH JJTUTEITLHOM PEXUME.
[TosTomy BBIOpaHHBINM MO KATAJOTy 3JEKTPOABUIATENIb MOXKHO HE MPOBEPATH HA
HarpeB, Tak KaK 3aBOA-U3TOTOBUTEIb FAPAHTUPYET UTMTENIbHYIO paboTy Ha HO-
MHUHAJIEHOM PEXHUME.

[ToTpebuyro MomHOCTs (KBT) mpruBoga (MOIMHOCTh Ha BBIXOE) OMpPEIc-
JSOT 10 (popmyiie



P,.=F-V-0°wm P, =Tn,, /9550 (1.1)

8blX 8blX 8bIX

[Tocne 3Toro onpeaensatoT TpeOyeMyr0 MOIIHOCTD 3JIEKTPOABUTATENS
Psdmp = P@blx /770 > (1 2)
rae n, =n,-n, n,... - oomui KII/| mpuBoga, yduThIBaeT MOCIICIOBATEIb-

HOE€ YMEHBIIICHUE MOITHOCTH MPH Mepeaue €€ OT AIEKTPOABUTATENS K MPUBO/I-
HOMY Baly, n,,7,,7,,... - KI1Jl oTaensHbIX map KuHEMaTH4YeCKOW Ienu (3yOua-

TOU, U4EepBAYHOM, PEMEHHOW M APYTHX MNepenay, MOAIIMIHUKOB), OPUEHTHUPO-
BOYHBIE 3HAUEHUS KOTOPBIX MpUHUMarOTcs no tads. 1.1 [1].
Jlanee ompenensifoT OPUEHTHPOBOYHOE 3HAUCHHWE TPEOyeMON dYacTOTHI

BPAILEHUA Baja JJIEKTPOABUraTeNs n,, . 1ak Kak B MPUBOAAX, pPa3padaThiBac-

MBIX B KYPCOBBIX IIPOCKTAX, HCIOJB3YIOTCA IMOHHKAKOIMUC IICPCAAYH, TO 3TY
-1
YaCTOTY BBIYUCIIAIOT 110 cbopMyne, MHH

Moy = e Uy -1y (1.3)
Tabmuma 1.1
Tun nepenaun KIIJ n
3y0uaras 3aKphITas:
HWINHIPUYECKAST 0,96...0,98
KOHHAYECKAs PsiMO3y 0ast 0,95...0,97
3y0Ouaras OTKpbITas:
HUAJIMHAPUYECKAst 0,93...0,95
KOHMYECKas mpsMo3y0as 0,92...0,94
Yepssiuras (3aKpbiTasi) MPH MEPEAATOTHOM YUCIIE:
cB. 30 0,7...0,8
cB. 14 mo 30 0,75...0,85
cB. 8 mo 14 0,8...09
Pemennas (Bce TUTIBI) 0,94...0,96
Ilennas 0,92...0,95
Mydra coequauTE I HAS 0,98
[ToamumnmHanky KadueHwus (0/1HA mapa) 0,99

[Mpumeuanne. Ecnu Ha nanHOM 3TaHe paboThl HaJ MPOEKTOM 3aTPYIHUTENIBHO OINpese-
JINThb NEPEeNATOYHOE YMCIIO YEPBAYHOW Nepenadyu, NPeABapUTEIbHO CleAyeT NMPUHUMATh
N, = 0,8.

TJI€ My - YACTOTA BPAILIEHUS MPUBOAHOTO Bajia MamuHbl (cM. puc. 1.1),

MHH
e 60000V W 60000V ; (1_4)
7D, 7D,
Pss b o
- JAaMCTp ACTUTCIbHOM OKPYIKHOCTH TATOBOM 3BC3-

* sin(180°/z,,)
JOYKH, MM, u{,u%— npeaABApPUTECIbHBIC 3HAYCHUSA MCPCAATOUYHBIX YHUCCIT BCEX KH-
HEMATUUYCCKUX IMap HOpHBOAA, PCKOMCHAYCMBIC 3HAUYCHUA HUX MNPHUHHUMAIOT IIO




tabn. 1.2.

[Tocne 3toro mo Ta6n. 1.3 moaAOMPArOT JAEKTPOABHUIATENh C MOITHOCTHIO
P,y ¥ 4aCTOTOM BpAILEHHA BAJIA Moy, OMIU3KUMU K NOJTYYECHHBIM Py M Aoyrp. 1IpH
3TOM P,; A0/KHA ObITh paBHA WK Oonblie TpeOyemol. MoxHO BeIOpaTh 3yek-
TPOJABUTATEIb MEHBIIEH MOIIHOCTH.

Tabnmma 1.2
Bun nepenaumn Teepaocts 3yObeB | [lepenaTounblie uncna
Upex Unpen
3yOuaras HUJIUHAPUYECKAA:
THXOXOJIHAS CTYTICHb BO <HB 350 2,5...5 6,3
BCEX PeayKTOpax (uy) HRC, 40...56 25...5 6.3
HRC, 56...63 2.4 5,6
OBICTPOXO/IHAS CTYIICHD B <HB 350 3,15...5 8
peaykropax ¢ paseepHyToi | HRC, 40...56 3,15...5 7,1
cxeMoit (ug) HRC, 56...63 25...4 6,3
OBICTPOXO/HAA CTYIIEHb B <HB 350 4...6,3 10
COOCHOM PeayKTope (1) HRC, 40...56 4...63 9
HRC, 56...63 3,15...5 8
KopoOku ckopocteil cTal- | po6as 1,0...2,5 4,0
KOB
Konunueckas 3yOuaras <HB 350 1,0...4 6,3
>HRC, 40 1,0...4 5
UepssuHas - 16...50 80
I{ennas - 1,5...4 10
Pemennas - 2.4 8

B »stoM ciyuae on Oymer paboTaTh ¢ TEperpy3kod, BEIMUHHY KOTOPOH

OTPEACIISIIOT 110 (hopMyIIe
AP:MJOO%S[AP], (1.5)
Pao

rae [AP]- nonmyckaemas neperpyska asuratens: [AP]=5...8% npu nocto-
AHHOM Harpyske, [AP] = 10...12% mnpu nepeMeHHOM.

B tabnwie 1.3 npeacTaBieHbl THIBI (YACTATEH) H AaCHHXPOHHAS YacTOTa
BpallleHUs Bajla (3HAMEHATEb) SJIEKTPOABUTATENECH 3aKPBITHIX 00 TyBAEMbIX
enuHoM cepun 4A.

OcHoBHBIE pa3MepHl dieKkTpoasurareneii (puc. 1.2) ykaszansr B Tadmn. 1.4.




Tabmuma 1.3

MoI1HOoCTh CI/IHXpOHHaH 4acTOTa, MUH
Py, kBT 3000 1500 1000 750
0,5 5 4A4AM 63B2Y3 4AMT144V3 4AMT1B6Y3 4AMR0B8Y3
2710 1390 900 700
0,7 5 4AMT1A2V3 4AMT1B4YV3 4AMB0A6Y3 4AMO01.A8YV3
2840 1390 915 700
1,1 4AMT1B2V3 4AM80A4Y3 4AMBOB6Y 3 4AMO0LBSY3
2810 1420 920 700
1 , 5 4AM80A42V3 4AM80B4Y3 4AMO0L6Y 3 4AM100L8V3
2850 1415 935 700
22 4AMS0B2Y3 4AM90LAY3 4AM100L6Y3 4AM112MA8Y 3
2850 1425 950 700
3,0 4AMO0L2YV3 44AM10054Y3 4AMI112MA6Y3 | 4AM112MB8Y 3
2840 1435 955 700
4)0 4AM100S52V3 44AM100L4Y3 AAMIT12MB6Y3 | 4AM13258V3
2880 1430 950 720
5,5 4AM100L2V3 | 4AM112M4Y3 | 4AM13256V3 4AM132M8YV3
2880 1445 965 720
7,5 A4AMIN12M2V3 | 44AM13254YV3 4AM132M 6YV3 4AM16058Y3
2900 1455 970 730
11,0 AAM132M2V3 | 4AM132M4V3 | 44AM16056YV3 4AM160M8Y 3
2900 1460 975 730
1 5,0 4AM16052V3 44AM16054Y3 4AM160M 6V 3 4AM180M 8V 3
2940 1465 975 730
18,5 4AM160M2V3 | 4AM160M4Y3 | 4AM180M6Y3 B
2940 1465 975
22)0 4AM18052V3 44AM18054Y3 B B
2945 1470
30,0 44AM180M2V3 | 44AM180M4V3 B B
2945 1470
b Ble 3= .
l{ . i ) e ~3
] SpS
;A: Ol | lw b ~—du
2 b A-A
b 81, S
b= lut 4o bo=big+ 5o

Puc. 1.2

diké




Tabmuma 1.4

Tun | Yucno ["aGaputHbie Y CTaHOBOUYHO-NIPUCOEAUHUTEITBHBIE PA3MEPHI,
I MOJKOCOB | Pa3MEPBL, MM | MM 8“
JIB. 8
Lo |hsy [ dso | ho [l |di |dio|by b |h | | hio 2 g
1 2 3 4 5 6 7 8 |9 101112 |13 [14]|15]| 16
63B |2 216|162 {13030 |80 |40 |14|7 |5 [100|63 |5 [8 [6,3
71A, |2,4,6 2851203 (170140 |90 (45 |19|7 |6 [112|71 |6 |9 |15,
B
80A 2,4,6 300 1218|186 |50 |[100|50 |22(10 |6 [125|80 |6 |10 |174
80B [2,4,6,8 |320 (218|186 |50 [100|50 [22]10 |6 |125{80 |6 |10 |204
90L [2,4,6,8 |350({243 208 |50 [125|56 [24]10 |8 |140({90 |7 |11 |28)7
100S |2, 4 3621263 1235|600 [112(63 [28(12 (8 [160]100]7 |12 36,0
100L |2,4,6,8 [3921263[235|60 {14063 28|12 |8 [160]|100|7 |12 420
112M [ 2,4,6,8 45213101260 |80 |[140 |70 [32]12 |[10][190]|112|8 |12 [56,0
132S [4,6,8 48035030280 |140 |89 |38|12]10]216|132|8 |13 |770
132M |2,4,6,8 | 530|350 (302 |80 [178 |89 38|12 [10[216]132|8 |13 93,0
160S |2 624 1430|358 | 110|178 [ 108 |42 |15 [ 12254160 |8 |18 | 130
4,6, 8 624 1430|358 | 110|178 [ 108 |48 |15 [ 14 [254]160|9 |18 | 135
160M | 2 667 | 430 [ 358 | 110|210 [ 108 |42 |15 (12254160 |8 |18 | 145
4,6,8 667 430|358 [ 110210108 |48 |15 ]14]254]160|9 |18 | 160
180S |2 662 1470 [ 410 | 110|203 [ 121 [48 |15 [14[279]180[9 |20 | 165
4 662|470 [ 410 | 110|203 [ 121 |55 |15 (16279180 (10|20 | 175
180M | 2 702 1470 | 410110241121 |48 |15 ]14]279]180|9 |20 | 185
4,6,8 702 1470 {410 | 110 {241 | 121 |55|15 |16 (279|180 |10 20 | 195

1.2. OnpeneJieHne nepeAaTOYHBIX YHCeI PHUBO/IA

[Tocrie OKOHYATETFHOTO BBIOOPA 11, OMPEACIIAIOT 00IIIee MEPEAATOUHOS
YHCIJIO IPUBOJA
n

— (1.6)

[lonyuyenHnoe pacueTom oOIiee NepeaaTrouHOe YUCIO PACIPEAEIIAIOT MEX-
Ny CTyTNeHsAMH nepenad. Ecim B KWHEMaTHYECKOM CXeMe MPUBOA KPOME PEeayK-
TOpa UMEIOTCS IPyTHE Mepenaun (peMeHHas, [emHas ¥ mp.), TO CHavaja Ha3Ha-
YAIOT NIEPEAATOUHBIC YUCIIA JJIA HUX, UCIIONIb3Ys peKoMeHanuu Tabm. 1.2; npu
3TOM 00IIee MepenaTOuHOe YUCIO MPHUBOAA BBIPAXKAETCS TakK (I CXEMBI Ha
puc. 1.1,a);

u =

ooy

u =u

u (1.7)

peo My
HepeHaTOque YUCJIO pCAYKTOpa
uaﬁm

u,

obuy

(1.8)

Uy =



Ecnu B cxeme OTCYTCTBYIOT Apyrue mepefaud (puc. 1.1,B 1), TO wupe; =

u06H_[.

[TepenarouHoe YUCIIO PeAyKTOpa CIEAYET PACIPEACITUTh MEXKIY €ro CTy-
nenssMu. Be10op cioco0a pacnpeneneHus 3aBUCUT OT KOHKPETHBIX

Tabmua 1.5

[Iepenarounoe
YUCIIO PEeAyK-

JIByXCTyneH4YaTblii  pEeayKTOp
IO Pa3BEPHYTOU CXEME

JIByXCTyne€HYaThlil COOCHBIN
PEAYKTOD

TOpa EI ) Lj ? s
1 | x ]
w | OFEl | (&L
U5 = W peo /uT; " _0788\/? Ug =, 1y, u, =0,95fu
ME ><uT uE ><uT
8 3,15%x2.5 3,15%x2.5
9 3,55%x2.5 3,15x2.8
10 4,0x2.5 3,55x2.8
11,2 4,0x2.8 3,55%3.15
12,5 4,5x2.8 4,0x3,15
14 4,5x3,15 4,0x3,55
16 4,5%3,55 4,5%x3,55
18 5,0x3,55 4,5x4.0
20 5,0x4,0 5,0x4.0
224 5,6x4,0 5,0x4.5
25 5,6x4.5 5,0x5.0
28 5,6x5,0 5,6x5.0
31,5 6,3x5.0 5,6x5.6
35,5 6,3x5.6 6,3x5.,6
40 7,1x5.6 6,3x6.3
45 8,0x5,6 7,1x6.3
50 8,0x6,3 7,1x7.1
IIponomxkenue Tada. 1.5
[Tepenarounoe | JIByxcTtyneHuarbiii  coocHbIl | KoHMUECKO - yumHapHIe-

YUCJIO PeayK-
TOpa

Upen

PELYKTOp ¢ BHYTPEHHHUM 3alie-
IJICHUEM

1
ur
s I O
—
Ug =23y, 5 Uy :upez)/uE

CKUHU PEILyKTOP




Ug XU, Uy XU,
8 4,020 2,5%3,15
9 4.,0x2,24 2.8x3,15
10 4,0x2.5 2.8x3,55
11,2 4.5x2.5 3,15%3,55
12,5 4.5x2 .8 3,15%x4,0
14 5,0x2.8 3,55%x4.,0
16 5,0x3,15 3,55%x4.5
18 5,6x3,15 4.0x4,5
20 5,6x3,55 4.,0x5,0
22.4 5,6x4.0 4.5x5,0
25 5,6x4.5 4,5%5.,6
28 6,3x4.5 5,0x5,6
31,5 6,3x5.0 5,0x6,3
35,5 6,3x5.6 5,6x63
40 7,1x5.6 -

45 7,1x6.3 =

50 7,1x7.1 -

TpeOOBaHMM, KOTOPBIM JIOJKHA OTBEUYaTh KOHCTPYKIHSA. OOECIeUeHUs
MUHUMAJIbHBIX Ta0apUTOB PEAYKTOPAa U MUHUMAIBHOW MAaCCHl, TIOJyUEHHUS OJTH-
HAKOBOTO TMOTPYKECHHS 3y0OuaThiX KOJEC BCEX CTYNCHEH B MacC/ISIHYIO BaHHY.
[Ipu 5TOM DOMKHO BBIMOJHATHCS OCHOBHOE TPeOOBaHME - MOJIHOE MCIIONB30Ba-
HUE Harpy30YHOW CITIOCOOHOCTH BCEX CTYTCHEH pPeayKTopa.

Pacnipenenenre mepemaTouHBIX YHCENT JBYXCTYNEHUATHIX PEIyKTOPOB
npeacTaBieHo B Tabnm. 1.5, TpexcTynmeHuarsiX MUIMHAPUYECKHX - B Tabm. 1.6
(MpeamosyiaraeTcs, YT0 MEXaHMUECKUE XaPaKTEPUCTUKU MATEPHANIOB KOJIEC pas-
HBIX CTYTICHEH TIPUMEPHO OTUHAKOBHI).

Tabmuma 1.6
u, ~13u,; Us Ur s T
, % 3t ; gt ki Cﬁx:' )
up ~u, /13" = = t%m
Un Us Un Uy
Upen UK UnXUT Upen UK UnXUT
40 4,0x3,55%x2.8 125 6,3%x5,0x4.,0
45 4,5%x3,55x2.8 140 7,1x5,0x4,0
50 5,0x3,55%2.8 160 7,1x5,6%x4,0
56 5,0x4,0x2 8 180 7.1x5,6x4.5
63 5,0x4,0x3,15 200 8,0x5,6x4.5




71 5,6x4,0x3,15 224 8,0x6,3x4,5
80 5,6x4,5x3,15 250 8,0x6,3x5,0
90 5,6x4,5%x3,55 280 8,0x7,1x5,0
100 6,3x4 5x3.55 315 9,0x7,1x5,0
112 6,3x5,0x3,55 400 9,0x8,0x5,6

B 3y6uaro-uepBAUHBIX PEAYKTOPAX MePeIaTOUHOE YHCIO 3y6UaToil mapsl
ONPENeNsIOT KAK s =3ifu,, , TPH 5TOM JOKHO COONIONATBCA —YCIIOBHE
2,6<u, <315,

B uepBAYHO-3y6UATHIX PEAYKTOPAX PEKOMEHIYETCs CIIeAyIolnee pacipe-

ACICHUC NCPCAATOUYHOIO YHUCJIa.

ecnu u,, <50, TO u, =63, u;=u,,/8 (mpuHuUMaeTcs OKaiiliee CTaH-

naptHoe 3Hauenue w3 psga: 1,0; 1,12; 1,25; 1,4; 1,6; 1,8; 2,0; 2,24; 2.5; 2.8;
3,15;3,55;4;4,5,5,0,5,6;,6,3;7,1,8,0,90ur. n);,
ecnu u,,, >50, TO u; =63, u, =u,,/63 (OKpyrasgerca nubo IO LEJIOro

gucia, Mo 0 uuciia ¢ ApoOHoi uacTeio 0,5).

OkoHUYATENBHO pacIpenenuB o0IIee MepeaaTOuHOe YKCIO0 MPHBOJA IO
CTYNEHAM, ONpPENENAIOT €r0 PACUETHOE 3HAYEHUE Uy, I1IpH 3TOM OTKIOHEHHE
€ro oT TpeOdyeMoro He JOJKHO npeBbimath 4%.

u u
Au =22 21.100% < 4% (1.9)

uob’m

[Tocne 3TOro OMpPEnemnsAOTCs YacTOTHl BPAIIEHUS KAaXIOTO Bajia MPUBOJIA
(n,=n,,/ug;, n,=n/u,;, ...), BpallAlOIIi€ MOMEHTHl HA Bajax W JUAMETPHI Ba-
708 (cum. 1. 1.4).

1.3. KunemaTH4yeckuii pacyer KOpoOOK CKOPOCTeil MeTaJLJI0PEXy IUX
CTAHKOB.

KopoOku ckopocteit ciyxaT Ajia nepenayd Bpalaroliero MOMEHTA OT
AJIEKTPOJBUATATENS K IMUHACITIO U JUIS PETYJIUPOBKH CKOPOCTH TJIABHOTO JBH-
KEHUS TIyTeM M3MEHCHHS YaCTOTHl BPAIICHUS IIMMHH/ACIA B 3aJaHHOM JIHaIa3o-
HE.

Kopobxu ckopocTel coOCTOAT U3 TOCIEI0BATEIFHO PACTIONIOKEHHBIX 3JIe-
MEHTApHBIX JABYXBAJIOBBIX MEpeaad, KOTOPbIE MOTYT COOOIUTh BEIOMOMY Bally
HECKOJIBKO CKOPOCTEH.

CymecTByer 6ecCTyneHYaTOe M CTYTIEHYATOE PErYJIUPOBAHNE CKOPOCTEH.

beccrynenuaroe peryimpoBaHHE OCYIIECTBIISAETCSA C MOMOIIBIO BapHaTO-
poB ToM WM wHON KoHCTpykimu (puc. 1.3, a). [Ipu mocrosHHOM YacToTe Bpa-
IICHAS BEAYIIETO BaJIa BAPUATOP TO3BOJIAET MOYIHUThH JTFOOYIO0 YacTOTy Bpaile-
HUS BEIOMOTO Bajla B HEKOTOPOM JIHaIla30He.

CryneHyaToe peryjaupoBaHHe OOSCIIEUMBACTCS IMOCIIECIOBATEILHO BKITIO-
YCHHBIMM TPYIIIIAMHA 3yOUaThIX Mepeaad B BHAC NEPEABHIKHBIX JBOWHBIX (pPHC.
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1.3, 6) wam TpOHHBIX OJOKOB, a TAaK)Ke KOJIECAMH TOCTOSHHOTO 3aIleTICHHUS C
mydramu (puc. 1.3, B). Ob1ee 4nucao 9acToT BpaleHrs BEAOMOTO Bajia (IImrH-
JeTIA CTaHKA) TMOJIydaeTcs MyTeM TMEPEeMHOXECHHs YUCENl OTICIbHBIX 3y0uaThix
nepeay B KayKJ10M rpymrie.

Z3

x

Puc. 1.3

Tak, s KOPOOKH CKOPOCTEH, COCTOSIINEH M3 JIBYX 3JIEMEHTAPHBIX JBYX-
BaJIOBBIX mepenau (puc. 1.4, a), uncio ckopoctedt Basia 4 (MIMUAHACIA) ONpee-
JAeTCA Kak z = 1x3%2 =6,

Ban  Hban jiban IVban

lo [

4

VY Bcex KOpOOOK CKOPOCTEH €O CTYNEHYATHIM PEryJMPOBAHUEM YAaCTOTHI
BpAIICHUS IIMUHJEISA TOCTPOCHBI MO TEOMETPHUUECKOMY Py, a UX 3HAUCHHS U
3HAMEHATEIh MPOTPECCHU ¢ CTaHAAPTH30BaHBI. 1lo3TOMY, €clim MHHHUMAaIbHAS
yacTOTa BpaAIICHWS Bajla My, TO JAPYrH€ YacTOThl BpalICHUA. n, =mQ,
ny = Q= ”1(02; ny =n,Q= n1(03 nT. I

B o6miem Bume

no=n_-p=n-p" (1.10)

Cranpaptaeic 3HaueHus ¢: 1,06; 1,12; 1,26;1,41; 1,58;1,78; 2.

Llenpro KMHEMATHYECKOTO pacueTa KOPOOOK CKOPOCTEH ABISETCA Onpeae-
JICHUE TIEPEIAaTOYHBIX OTHOIMICHUH BCEX 3yOUaThix mepenad B KaXIOH TPyNIe H
gucen 3yObeB KOJIEC STHX Tepeaad Uil TOJYyYeHHS 3aJaHHOTO psAAa 4acToT
BpaIllCHHUs BEIOMOT'0 Bajla.

B craHkocTpoeHHH Iepe1aTOYHBIM OTHOIIICHUEM i HA3bIBAIOT OTHOIICHHE
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YaCTOT BPAIEHUS BEIOMOTO M BEAYIIETO BaJIOB, T.€.
=l _ Tk (1.11)
ng  Zpy

Ecnu i >1, 10 nepenaya Oy1eT MOBBIIAOIICH, €CJTH 7 < 1 - TOHUKAIOIICH.

[Ipy KHHEMATHYECKOM pacdeTe OOBIYHO IMPHMEHsSETCs rpadoaHaIMTHYC-
CKHM METOJI, KOTOPBIH 3aKiTiouaeTcs B rpaduueckoM W300pakeHHH 9acTOT Bpa-
IIICHUS | IePEIAaTOUYHBIX OTHOIICHHH B BHC TaK Ha3bIBAEMBIX CTPYKTYPHBIX Ce-
TOK W Tpaduko uactor BpameHus. Ha puc. (1.4,0) moka3an rpaduk 9acTtoT
BpaIlieHUsl i1 KOPOOKH CKOpOCTeH, mokazaHHoi Ha puc. (1.4, a). I'papukm
CTPOSIT B JIOTapU(PMUYECKUX KOOPAMHATAX ¢ OJMHAKOBBIM PACCTOSTHUEM (HHTEP-
BaJIOM ) MEX/Iy COCETHUMHU TOPH3OHTAISIMH, PAaBHBIM

Ign,,, —1gn, =1gp.

Kakmast ropr30HTaIb COOTBETCTBYET OIPEICICHHOMY 3HAUSHHIO YaCTOTHI
BpAITCHHS T€OMETPHIECKOTO PsJIa.

[TocnenoBarenbHO PACHONOKEHHBIE BAJIbI KOPOOKH CKOPOCTEH YCIOBHO
M300pakaloT BEPTUKAIIbHBIMU JIMHUAMH, JIYYH, COSAMHSIONTNE TOUKH Tepecede-
HUS HA BEPTHUKAJIAX, COOTBETCTBYIOT IIEPEIATOYHBIM OTHOIICHUSM OTAEIIbHBIX
nepeaad rpymnmnsl MEXay COCETHUMHU BajaMH; YHC/I0 JydeH, BBIXOMSIIUAX U3 O
HOM TOYKH, COOTBETCTBYET YHCIIy OTICIBHBIX Mepeaad MEXIy BaJaMH, a YUCIIO
TOYEK Ha JIMHUH Bajia - YHCIy PA3IMIHBIX YaCTOT BpaIeHHs ero. TouKH, pacro-
JIO’)KCHHBIE BBIIIE, COOTBETCTBYIOT 00Jiee BBICOKMM dYacToTaM BparieHus. [la-
payIeIbHBIE JIYYH MEXKJIY COCEIHHMH BajlaMU H300pakaroT MepeJaTOuHOE OT-
HOLIEHUE OAHOM W TOM K€ MePEeaauH.

[TepenaTounoe OTHOIIEHHWE OTACIBHON Mepeaaun ONPEASIASTCs BhIpaKe-
HHEM i=¢@", Iie k - YMCJIO WHTEPBAIOB ME)KIY FOPH3OHTAISMHU, EPEKPHITHIX
Jy4OM, COSTHHSIOITAM OTMETKH YacTOT BPAIlEHHs Ha COCeTHMX Banax. Jljis mo-
BBIIIAKOIIECH mepenaun 4 >0, Ui MOHWXKAIIEH & <0, g mepenadm ¢ i =1
k=0.

Takum oGpazom, mo rpaduky vactoT BparieHus (cM. puc. 1.4,6) MOXHO
OIPEJICIIUTh MEePEIATOUHBIC OTHOIICHHUS:

=0 ii=9" =L, =0 i, =0 i, =g, =@

[Tpu mocTpoeHuu rpadukoB YacTOT BpalICHUs HEOOXOIUMO YUHUTHIBATH
OrpaHUYEHHMS 10 MPEACTHPHO JOMYCTHMBIM 3HAUCHHSIM IEPEIaTOYHBIX OTHOIIE-
HUH U1 3yO0UaThiX Tiepeaay:

-2

<2- A npsAMOo3yObIX Tiepenay;

min — max

: 1.
1. =>—1
4

L I 2,5- 19 KOCO3YOBIX.

min > "max

Jlna monyuenus TpeOyeMoro reOMETPUUYECKOTO PsAaa 4acTOT BPAIECHUS
BEIOMOTO Bajia (IIMUHAEIS) OJHONW U TOW e KOPOOKH CKOpPOCTEH MOTYT OBITh
MOCTPOCHBI Pa3HbIE BAPWAHTHI TPA(UKOB C PA3IMYHBIMU TMEPEIATOUYHBIMH OT-
HOILICHUSIMU TMPOMEXKYTOUHBIX Tepeaad. KoHCTpyKTop AOMKEH BbIOpaTh Jiyd-
IUHA BapUaHT, KOTOPBIM obOecreunsi Obl MOJTYUYEHHE MEHBIIUX radapuToB U 00-
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Jee OJIaronpUATHBIX KWHEMATHUECKAX M JMHAMHYECKUX XapaKTEPUCTHK MPUBO-
na. llenecooOpa3Ho, HampuMep, MUHUMAJIbHOE MEPEAATOYHOE OTHOIICHHE B
rpynmax 3y04arbiX KOJIeC yMEHBINATh MO MepPe MPUOTHKECHHAS K BEIOMOMY BaJTy
(MAHAENIO), AOCTUTAsA B TMOCIAEAHEH TPyMIMe MpeaeabHOro 3HaueHus. B satom
cllyyae mepBbi€ Bajibl pabOTAlOT MpU O0JIE€ BBICOKUX CKOPOCTSX, C MEHBIIUMU
Harpy3kamu; 3y0uarbie kKojieca OyayT UMETh MEHbIIINE TabapuThl, T.K. MPU JaH-
HOM MOIIHOCTH OHM OyyT MepeaaBaTh MEHbBIIINE BPAIAIOIIAEC MOMEHTHI.

IIpu onpeaeneHny uncen 3yObeB Koec KOPOOOK CKOpOCTel HEOOX0AUMO

. n V4
HE TOJIbKO TIOJYUYWUTh JAHHOE MEPEAATOYHOE OTHOIICHHE i=-—+Ll=—f HO H

n, Zrn

o0eCneunTh MMOCTOSHHYIO CyMMY 3yObeB B MpejeiaX JaHHON JBYXBAJIOBOH Tie-
penauu (cMm. puc. 1.3,0, B):

Y z=z+z,=1z,+z,=const. (1.12)
Pemas cucremy ypaBHeHui
z,+z,=> z
RERS) (1.13)
z,/z, =1,
1) z z
MOJYyYUM z, = Z Uz,= Z :
i+1 i+1

ITo sTum opmynam, 3aaaBasch CyMMO# 3yObeB » z M 3Has HEOOXOau-

MBbI€ 3HAUEHUA i, MOYKHO OMPEACIIUTH YMCIa 3yObEB KOJIEC.
Hcxona u3 ycnoBuii KOMIAKTHOCTH NEepeaay, NPUHUMAKOT ZZ <100...120,

a MUHHUMAJIbHOE YHCIIO 3yOheB KOJIEC KOPOOOK CKOPOCTEH JOJKHO OBITh HE Me-
Hee z,, =18..20.

3HAYUTEIBHO TPOIIE MOXKHO ONMPEACTUTh UYHCia 3yObEeB, €CIIM UCIOJIb30-
Barh Tabn. 1.7, rae mo TOpU30HTAIM yKa3aHa cyMMa 3yObeB, a MO BEPTUKAIH -
MepeaaTOUYHbIE OTHOIIECHUS, KpaTHbie ¢ =1,06. [lycThie KJIETKM O3HAYAKOT, YTO
IPH JaHHOK )z NEPENaTOYHOE OTHOUIEHHE HE MOXKET OBITh BBIICPIKAHO B TPE-

OyeMbIX Tpejaeniax; B OCTaJbHBIX KJIETKAX YKa3aHbl YMCJa 3yObEB MEHBIIETO
3y0uaToro Kojeca.

[Tpu mpoexkTupoBaHUM KOPOOOK CKOPOCTEH CIEAYEeT CTPEMUTHCS K Hau-
MEHBIIIUM OCEBBIM rabaputam mnepenay. 3yOuaTeie Kojeca CiaeayeT pacnoiararb
Ha BaJly TaK, YTOObI 00ECIIEUNTHh €r0 MUHUMAJIbHYIO JyuHY. [Ipu nepemeriennn
OJI0KOB KOJIeC Ha Bajly MOKHO TpHHATH "y3kuit" (puc. 1.5, a) uau "mmpokmit"
(puc. 1.5,0) BapuaHTHhI.

Ha puc. 1.5, B moka3aH MeXaHHW3M C TPEXBEHIIOBHIM OJIOKOM 3yOuaThIX
Kojiec. [l BBO/AA B 3alICTUICHUE KOJIEC z, U z, HEOOXOAUMO, 4TOObI OJoK Oec-

IPENATCTBEHHO NEPEMEINANICA MHMO KOJieca z,, HE 3alENMB 3a HETO KOJIECOM
z,. OTO BO3MOXHO, €CIU z, —z, > 5. Ec/IK 3Ta pa3HOCTh MEHbBIIE 5, TO UCIOJIb-
3YIOT BapUaHT, MOKa3aHHbIN Ha puc. 1.5, T.
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Puc. 1.5

1.4. OnpenesieHue BpalarIuX MOMEHTOB HA BaJiaX MPUBOAA U THAMETPOB
BAJIOB PeAYKTOpa

Bravasie onpenensercsa MOIMHOCTE P, Ha Ka)KIOM BaJly IPUBOJA ¢ YUETOM
IIOTEPh B KAKAOW KMHEMATUUYECKOM Mape, UMEIOLIEHCI B CXEME 0 paccMaTpu-
BAEMOr0 Bajla, MyTEM YMHOK€HHMS MOIIHOCTH HA mpeapiaymem Bairy Ha KIIJ[
COOTBETCTBYIOIIUX Nap.

Bpamarornuit moment (H.m) onpenensiercs o popmyie

T :95505, (1.14)
n.

rae P - B kBT, n,- yacTora BpalleHus i-ro Bajga, MUH -1

Ha manHoM 3Tarme (M3BECTHBI TOJIBKO BPAINAIOIINAE MOMEHTBI) ONPEaeIs-
IOTCSl OPUEHTHPOBOYHBIC 3HAUCHHUS AUAMETPOB BaJOB peaykTopa mo (opmyne
(6.1). [lomyueHHbIe 3HAYESHUS OKPYTIISIOT B MEHBIITYIO CTOPOHY, /IO YKCIIA, Kpar-
HOTO 5 ¥ 9TH AUAMETPHI TPUHUMAKOTCA JJIS TOCAAKUA HOAIITUITHUKOB.

1.5. IlpuMep KHHEMATHYECKOT0 PacyeTa KOPOOOK CKOPOCTeil MeTajliope-
JKYLIUX CTAHKOB.

Paccmotpum kopoOKy CKOpPOCTE# TOKapHOTO CTaHKA, CXeMa KOTOPOH To-
Ka3aHa Ha puc. 1.4, a.

Hcxonnbie naHHbIe:

HaubGonpmmii Bpanaromuii MOMEHT Ha BBIXOJHOM Baity — mmmHzaene (IV

Ba) 7., H.m — 140;

max 2

MuHHMaNbHAS YaCTOTa BPAICHUS IIMUHACIS 1 | MUH = _ 180;

min >

3nameHartens nporpeccud ¢ - 1.41;
I'paduk wacToT BparieHus — cM. puc. 1.4, 6.
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[TocnenoBaTenbHOCTD pacucTa

1. U3 rpadumka yactor BpalieHUs BUIHO, YTO KOPOOKAa CKOpOCTel oOecreunBaeTt

IIeCTh Pa3IMUHBIX YacTOT BpamieHus mnuuaens [V: »”, nl" nl" »nl", nl”, n!"; Tpn uac-

totel Bana IIl: »™, n", n!"; omHy wactoty Bama Il - »” . Yka3aHHbIe YacTOTHI BpAIICHUS

BAJIOB TOJYYAIOTCS TMOCIEAOBATENIFHBIM MEPEKIIOYSHUEM TPOWHOTO (C YHCIOM 3YyObeB
2,,25,25) M IBOMHOTO ( z4, z,,) OJIOKOB KOJIEC.

1z, o1 I 1 z

. ) o1
[Ipunumaem h=—=1=2; i, =— ; ===
@ z, ¢ 141 z, - 1417 2 z,
z I 1 =z
) (ﬂ ZlO | @2 2 ZS

2. OnpenensieM yucia 3yObeB Kojec KOPOOKH CKOPOCTEH:

IlpuHuMaeM Y z=z +z,=z,+z, =25+ 2, = 2, + 2z, = 2z, +2,, =120.

[To Ta6n. 1.7 B 3aBUCUMOCTH OT IEPEAATOYHBIX OTHOIICHUH HAXO UM

z,=60,z, =120-60=60;

z, =50,z, =120-50 = 70,

z, =40;z, =120-40 =80

z,, = 50,2, =120-50 = 70;

z, =40,z, =120-40=80 .

3. BriGop anekTpoasuraTens.

[To ucxomHbiM JaHHBIM, HCTIONB3YS Gopmyny (1.14), HaAXOaAUM MOIIHOCTH HA BBI-
XOJ/IHOM BaJty (IIMTAHICIIA):
CTY n” 140.180

P, = = =2,63kBm
9550 9550
Tpebyemasi MOIIHOCTD AeKTpoaBuraress no gopmyse (1.2):
'0 :&:&:3702](8}’”’
20mp 7

0 b
rae n,=n,-n,-n, =0,95-099*.097* =087 (KIIJ[ pemennoi nepemauum 7,, OJHOH
napbl TOIIWITHUKOB Ka4eHUs 7, , 3yO0UaTol nepenaun », npuHATH 10 Tadmn. 1.1); tpedye-
Masi 4acToTa BpaIICHU Baja AeKTpoasuraress mo gopmyne (1.3):

ns()mp

=0 u.-u,-u =180-28.%2.4 —180. 2. 2. u =720-u =720-2=1440mun"" ,r€
min 5 3 P Z7 Zl ? 4 40 r p

nepeaaTouHble Ynciia 3y0uaTsix nepenay u, =1/i,u, =1/i,, a IpeIBApUTEIbHOE 3HAUYECHUE

> , 1
NEePEaTOYHOrO YMCIIa PEMEHHOM NMEPENaUn u , = — = 2 NPUHATO 1o Tadmn. 1.2
IO

ITo tabn. 1.3 BeiGupaem snekrpoasurarens 4AM100S4V3, y kotoporo P, =3xBm,
n,, =1435mun".

Tak Kak aCHHXPOHHAs YaCTOTA BPAICHUA BaJia 3JCKTPOJBUTATENS MAJIO OTJIMYACT-
¢ OT TpeOyeMoMl, TO OKOHYATEJbHO MPUHUMAEM MEPENaTOYHOE OTHOIIEHUE PEMEHHOMN
nepeayn paBHbIM PaHEe MPUHATOMY, T. €. i, =1/2 (B MPOTHBHOM CIly4ae €ro Hajo Orpe-

NenATh iy =n' /n,,).
4. OnpenenseM MUHAMAJIbHBIC YaCTOThI BPALICHHUA KaXKJOTO Bajia KOPOOKH CKOpO-
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CTGI‘/’I, IIPH KOTOPBIX PA3BUBAIOTCA MAKCUMAJILHBIC BpallalOIue MOMCHTHI!
n' =n, =1435mun";

>

n' =n' i, =1435-1/2="717,5mun"";
pirg

n = p" i =n" .z /z, =7175-40/80 = 358 8yun '

>
w

n =p io=n" .z [z, =3588-40/80 =179, 4nun"".

5. OnpenenseM MOIIHOCTH HA KaXKAOM Baly KOPOOKH CKOPOCTEH ¢ Y4ETOM NOTEPh B
KaKJI0M KHHEMaTUYECKOW mape:

])I = Psd = 3K‘Bm 7
Py =P -n,-n,=3-095-099=2_82kBm
Py =P, -n,-n,=282-097-099 =2,7xBm

P, =P, -n,-n,=27-097-0,99 = 2,6xBm .
6. MakcuMasbHbIe Bpallaromue MOMCHTEI Ha Bajlax:

1

P 3
T, =9550—+% =9550—— = 20H - m;
n 1435

P 2,82
T, =9550—L = 9550 "= =37,5H -
n R
P 2,7
Ty = 9550—L = 9550~ = 71,9H -
n . 3588
P 2,6
7,, =9550—£ = 9550 =138,4H - m.

min ’

2. IPOEKTHBIN PACUET HA ITIPOUHOCTD 3YBUATBIX IIEPEJIAY

Llenpio MPOEKTHOTO pacyeTa SBIAETCA ONPENCIICHUE TCOMETPUUCCKHUX Pa3MepPOB
nepeaayn, 00eCIeurnBaOIUX ¢ padoTOCTIOCOOHOCTh U HAACKHOCTD MPH 3aJaHHBIX yCII0-
BUSIX KCIUTyaTallud U 3aJaHHOM pecypce. McexoaHpie AaHHBIE AJI1 MPOEKTHOTO pacuera
MPUHUMAIOTCS TI0 pe3yJibTaTaM KWHEMaTHYECKOro pacueTa mpuBoja. [lpu pacuere HeoO-
XOJIMMO YUUTBHIBATh SKOHOMHUYECKHE (hakTOphl (0OecIeueHrne MUHAMAIBHBIX TabapuTOB,
MacChl I CTOMMOCTH TEPEIaum ).

B mannHom mocoOum MeTonMKa pacueTa MWIMHAPUUECKUX 3y0uaThixX Nepeaad u3jio-
xeHa B coorBeTcTBHA ¢ ['OCT 21354 - 87 "l[lepenauun 3yOuarsie MUTHHAPHICCKUE SBOJTb-
BCHTHBIC BHEIIHETO 3aleruicHus. Pacuer Ha MPOYHOCTH" ¢ HEKOTOPHIMH YIIPOIIEHUSAMH,
MPaKTHYCCKHU HC BJIMANOINWUMH HaA PC3YJIbTAThl pacucTa. MGTOI[I/IKEI pacu€ta KOHHUYCCKHX
npsAMO3YObIX Tepeaay - B COOTBETCTBUU C MPUHATON B yueOHOM U CIIPAaBOUHON JINTEPATY-
pe.

2.1. BoeiOop MaTepuaJjia mecTepHH U KoJieca

Jlis U3roToBIEHUS 3y0UaThiX KOJIEC UCHOJB3YIOTCS B OCHOBHOM CTaJlu, MOJIBEprae-
MbI€ TEPMHUYECKOMY MWJIH XUMHUKO-TEPMHUUECKOMY YIPOYHEHHIO, MO3BOJSAIOLIEMY MOJY-
YUTh BBICOKYIO TBEPAOCTH MOBEPXHOCTEH 3yObEB B COUETAHWHU C 0OJiee MATKOH (BA3KOMN)
CEPIICBUHOM, YTO 00ECMEYMBACT JOCTATOYHYIO BBIHOCIHMBOCTH (KOHTAKTHYIO M HW3rHO-
HYI0) 3yObeB M HX COMTPOTHBIICHHUE 3aCTAHUIO.

B HACTOAIICC BPEMA MPUMCHAIOTCA CIICAYIOIHUEC OCHOBHEIC CIIOCOOBI YIOPOUHCHHA:
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HOpMaJTM3alMs, YJy4YII€HHE, MOBEPXHOCTHAsA 3akajika ¢ HarpeBom TBY, nemenrtanus,
HUTPOLIEMEHTALUs, a30TUPOBAHKE.

Hopmanmzarmm moasepratoTes mThie 3youatsie koseca (aumamerp 6omee 500 mm) u
3y0uarble KoOjieca BCIOMOTATEIbHBIX MEXAHW3MOB, HANPUMEpP, MEXAHW3MOB PYUYHOTO
YIPaBIICHHUS.

3yObs yJydIlIaeMbIX KOJEC HApPEe3atoTCA TMOCIE TEPMHUUECKOH 00padOTKH, YTO TMO-
3BOJISIET OOECTIEUNTh BHICOKYIO TOYHOCTh M HMCKITIOUNTH HEOOXOMUMOCTH NLTH(OBAHHSA
3yobeB. Kosneca u3 ynayulleHHBIX cTajiel Xopoulo npupabareiBatorea. s mydiei npu-
paboTKu 3yOhEB TBEPAOCTD IIECTEPHU PEKOMECHAYIOT Ha3HAYaTh OOJIBIIIE TBEPAOCTH KOJIe-
ca He MEHEe ueM Ha 25 euHHIl. YIyUIIeHHEe UCTIOb3yeTCA TakKe B KAUeCTBE MPEAIIECT-
BYIOIIICH OTEpaliyi MpPH MOBEPXHOCTHON TepMHUecKoi 00paboTke 3yObheB AJiA MOBHIIIIE-
HUS MEXaHUYECKUX XapaKTEPUCTUK CEPALIEBUHBI 3y0a (kpome 3yObeB ¢ m <3 MM, MOABEP-
raembix 3akanke TBY: oHM MPOKaTMBAIOTCS HACKBO3b, YTO MPUBOAWT K 3HAYUTEIHHOMY
WX KOPOOJIEHUIO ¥ CHYKEHHIO YIAPHOH BA3KOCTH).

[ToBepxHOCTHAs 3aKajKa, IIEMEHTAIUSA U HUTPOLIEMEHTAIMA C TOCIIEAYIONIeH 3aKa-
KO 00€CIeunBalOT BEICOKYIO TBEPAOCTh M HECYIIYIO CTIOCOOHOCTH MOBEPXHOCTHBIX CIIOEB
3yOb€B M JOCTATOYHO BBICOKYIO TTPOYHOCTH 3yObeB Ha m3ru0. [locne Tepmuueckoit oopa-
00TKH 3yObsi TIOJBEPTaAFOTCA OTACIOYHBIM OmnepanusaM (nuiidoBaHUIO, MPUTAPKE H P.).
[Tpu sTHx cnocobGax TepmMooOpaboTKH HE TpeOyeTcst 00ecneunBaTh Pa3HOCTh TBEPAOCTEHM
3yObeB mecTepHu U koneca. [loBepxnocTHas 3akanka TBY mMoxeT mpumeHAThCS IS 1m1ec-
TEPEH, padOTAIONIMX C YIYUIICHHBIMHU KOJIECAMH, /T 00SCTIEUeHUSI PABHOTIPOUHOCTH.

AzoTupoBaHre 00ECIIEUNBACT BBHICOKYIO TBEPAOCTh, H3HOCOCTOWKOCTh TOBEPXHOCT-
HBIX CJIOEB, MUHUMAJIbHOE KOpPOOJIeHHEe. A30THPYIOT TOTOBBIEC JAeTain 0€3 MOCIeayIoe
3akanku. [losToMy a30THpOBaHHME MPUMEHSIOT JUIS KOJEC C BHYTPEHHUMH 3yObAMH, a
TaKKe KOJIeC, NUTM(OBAHIE KOTOPHIX TPYIHO OCYIIIECTBUMO.

XapaKTepUCTUKH MEXAaHMYECKUX CBOMCTB HEKOTOPBIX CTajeH, MPUMEHAEMBIX IS
W3TOTOBJICHUSA 3y0UaThIX KOJIEC, MOCIIE TEPMUUECKONH M XMMHUKO-TEPMUYECKONH 00paboTKu
NpeCTaBJIeHbI B Ta0M. 2.1.

Cranp 0HOH ¥ TO# k€ MapKH B 3aBUCUMOCTH OT TEMIIEPATYPHOTO PEXUMa OTIYCKa
MOCJIe 3aKaJKM MOKET MMETh Pa3jIMuHble MEXaHWUYECKUE CBOWCTBA. [lomyueHne HyKHBIX
MEXaHWYECKHX CBOMCTB 3aBHCHUT HE TOJIBKO OT TEMIEPATYPHOTO PEXKUMa TepMooOpadboT-
K{, HO U OT HauOOJBIINX PA3MEPOB CEUEHUS 3aroTOBKH Koseca. M3BecTHO, uTo ¢ yBenu-
YEHHEM Pa3MEpPOB CEUCHHUA MANACT CKOPOCTh OXJIAKICHMS, a CIEI0BATEIbHO, CHUKAOTCS
TBEPAOCTb U MPEJE MPOYHOCTH, TIOJTYyYaeMble TOCIIe TEPMOOOPaOOTKH.

Tabnuma 2.1
Mapka | Bun Tepmuue- TBepaoCThH [Ipenen IIpenen
CTai | CKOH 00paboT- [cennyepnnn | mosepxHoctn | MPOYHO- | TeKyde-
KH CTH o,,|ctm o,
Mlla Mlla
1 2 3 4 5 6
40 Hopwmamuzarmus | HB 179...207 | HB 179...207 | 580 340
Ynydimenne HB 192...228 | HB 192...228 | 700 400
45 Hopmanuzamus | HB 179...207 | HB 179...207 | 600 360
VYnyuimenue HB 235...262 | HB 235...262 | 780 540
Ynyumenne HB 269...302 | HB 269...302 | 890 650
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50 Hopmammzamus | HB 192...228 | HB 192...228 | 640 350
Yydienue HB 235...262 | HB 235...262 | 750 530
40X Yayumenue HB 235...262 | HB 235...262 | 790 640
Yyuienue HB 269...302 | HB 269...302 | 900 750
Ynaydiienune +
zakanka TBY | HB 269...302 | HRC, 45...50 | 900 750
Yayuiienne +
asorupoBanme | HB 269...302 | HRC, 50...59 | 1000 800
40XH | Ynyumenue HB 235...262 | HB 235...262 | 800 630
Yayuienue HB 269...302 | HB 269...302 | 920 750
Ynyuiienne +
zakanka TBY | HB 269...302 | HRC, 48...53 | 920 750
35XM | Ynyumenue HB 235...262 | HB 235...262 | 800 670
Ynyudiienue HB 269...302 | HB 269...302 | 920 790
Yaydimenue +
sakasika TBU | HB 269...302 | HRC, 48...53 | 920 790
40XH | Yayumenune +
MA azotupoBanmne | HB 269...302 | HRC, 50...56 | 980 780
ASXI] | YnyumeHnue HB 235...262 | HB 235...262 | 830 660
VYayudiienue HB 269...302 | HB 269...302 | 950 780
Yayumenue +
zakanka TBY | HB 269...302 | HRC, 50...56 | 950 780
20X Yaydmenune +
EeMEHTanus +
3aKaIKa HB 300...400 | HRC, 56...63 | 650 400
IIponomxkenue tadmn. 2.1
1 2 3 4 5 6
12XH3 | Yayumenne -+
A [eMeHTalusa -+
18XT'T | 3akanka HB 300...400 | HRC, 56...63 | 1000 800
20XH
M
25XT
HM
3571 Hopwmaymzamus | HB 163...207 | HB 163...207 | 550 270
45J1 To xe HB 163...207 | HB 163...207 | 550 320
50J1 To xe HB 192...228 | HB 192...228 | 580 340
A5TJ1 | To xe HB 163...207 | HB 163...207 | 650 330

Hanpumep, 3aroroska u3 cramm 40X (cm. tabmn. 2.1) mmamerpom 125 MM u Tommm-
Hori 80 MM mocne ymyumenus umeeT TBepaocth HB 269...302, a nmamerpom 200 MM u
tommuHOM 125 mm - HB 235..262. 310 HEOOXOAMMO yUHTHIBATH TIPH MHIKEHEPHBIX pac-
yeTax. Tak KaK HA JAaHHOM 3Tare MPOSKTUPOBAHMS Pa3MEPhI 3arOTOBOK TS 3yOUaThIX KO-
JIEC HEU3BECTHBI, TO YKa3aHHYIO B Tabj. 2.1 TBepaOCTh MOBEPXHOCTH MpH yiryumenun HB
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235...262 cnenyet OTHOCUTH K 3yObam kosieca, a HB 269...302 - k 3yObsAM 1IECTEpHH.

Jl1s peayKTOpOB LIECTEPHU U KOJeca CJIEAYET U3rOTOBIATh U3 OJMHAKOBBIX MapOK
craneit 45, 40X, 40XH, 35XM, 45XI u ap. ¢ TepMudeckoit 0O6padboTKO# (T.0.) IO IBYM
BApUAHTAM:

1. T.0. KONEca - yayuiienue, Teepaocts HB 235..262;

T.0. LIECTEPHHU - yayuweHue, Teepaocts HB 269...302;

2. T.0. KOJieca - yhyuiienue, Teepaocts HB 269...302;

T.0. IIECTEPHU - YJyUllIeHUE U 3aKkaika TBY, TBepaoCTh MOBEPXHOCTH B 3aBUCH-
moctu oT mapku ctanu HRC, 45...50, 48...53.

2.2. OnpenesieHue A0MyCKAeMbIX HATIPSIKEHUH

Jlonyckaembie HANPSOHKEHHS TP pacueTax Ha KOHTAKTHYIO M M3THOHYIO BBIHOCITH-
BOCTh HEOOXOIUMO OMPEACTATh C YUETOM PEKHUMa HArpyeHHUH 3yObeB (MOCTOSHHBIN,
puc. 2.1, a, unm nepemenHsbii, puc. 2.1, 6) u Tpebyemoro pecypca nepenauun L, (4).

I[OHYCKaeMHe HanpsHKCHUA ONpCACIAOTCA OTACIBHO IJIA 3Y6BCB MCCTCPHU U KO-

jeca.
T, Hm T, Hn
9
<
S
v T 5%
: SIE(Re
Lh Lhy  \dyln | deln |dols ML/},U
Lh
a Puc. 2.1 d)

2.2.1. lonyckaeMble KOHTAKTHBIE HATIPSIPKEHUST

Jlonyckaemble HampsykeHus i 3yObes mectephu [0, | u koneca [o, ], onpenensi-
10T 10 O0IIel 3aBUCUMOCTH
o, |- Zmmtete 7 CRY
H
TAE Oy, - JUIMTEIBHBIN MPEACT KOHTAKTHOW BBIHOCIMBOCTH, OMPEACTSICMBIA IO
Tabn. 2.2 B 3aBUCUMOCTH OT MaTepuaia 3y04aToro Kojeca U BUJIa TEPMUUIECKOH 00padoT-
KM TI0 CPEJHEMY 3HAUEHHIO TBEPAOCTH MOBEPXHOCTeH 3yObeB H , paBHOH MOTyCyMMe
BEPXHEr0 W HIKHErO 3HAUYCHHWH MX TBEPAOCTH, B3AThIX W3 Tabn. 2.1. Hampumep, npu
TBEPAOCTH 3yObeB mecTepun H, = 45..50 HRC» momydaem

45450 o
H ooy = —5 = 47,5; Zg - kK03(PUIHEHT, YIUTHIBAIOMNAN MIEPOXOBATOCTh PabOUnX

nmoBepxHOCTeH 3yObeB; nipu R,~1,25... 0,63 MkM (pUTHUPKA U OOKaThIBAHWUE) Zp=I[; IpH
R.=2,5... 1,25 mxwm (mmudosanue) Zz=0,95; npu R,~10... 2,5 mxm (Pppeseposanne) Zz=0,9;
Zy~ KO3 (UITUEHT, YUYUTHIBAIOIINAN BIIMSHAC CKOPOCTH: TOBBIIICHUE CKOPOCTH BBHI3HIBAET
YBEIIMUCHUE TOJIIUHBI THAPOIMHAMUYECKOTO MACIITHOTO CJIOSI M yMEHbIeHHue Kodhdu-
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IIUEHTA TPEHUS.

[Tpu cxopoctu a0 /0 m/c (UTO UMEET MECTO B PEAYKTOPAX) W MPH TBEPAOCTH TO-
BepxHocTel 3yObeB Menee 350 HB Z;=/...1,07; npu tBepaoctu Oomemie 350 HB
Zy=1...1,04; Sy — xo>pdurueHT 3amaca KOHTAKTHOH NPOYHOCTH, TMPUHAMACTCS U3
Tabm.2.2;

N, . .
Z, =g/~ - ko3 PUIMEHT TOJITOBEYHOCTH, YUUTHIBAIOIINN PEXUM HarpyKEHUH
K

U TpedyeMblid pecypc nepenayu, NpUuHUMaeTCs B peaenax 1<z, <Z

N max

Tabmuua 2.2
Bun repmuue- Teepmocts Marepuan O i sMI 12 Su
CKOM WM XU- | MOBEPXHOCTHU
MHKO-
TEPMUYECKON
00paboTKH
Vayumienue 350 HB Yrnepoaucreie | 2xH,, +70 1,2
HOPMaJTU3alus Y JICTUPOBAH-
HBIC CTAJIHA
[ToeepxnocTHas | 45...56 HRC,, | JlerupoBaHHbIe | 17 x H'. +200 1,3
3akasika TBY CTAIN
Lementamusa u | 56...63 HRC, | JlerupoBanHbie 23x H ™, 1,3
3aKajka CTaIN
AzotupoBanue | 50...59 HRC5 | JlermpoBaHHbIE 1050 1,3
cTanmn
H . - CPEIHSS TBEPAOCTh MOBEPXHOCTH.

ZN max=2,0 UIA MAaTEPUAIIOB C OJHOPOJHON CTPYKTYPOU (HOPMAaJIM30BAHHBIX, YIIyU-
HICHHBIX ) ¥ /,8 1715 TOBEPXHOCTHO YIPOUYHEHHBIX MAaTEPHAJIOB.

Ny lim-4UCI0 LMKIJIOB HArpyskeHus 3y0a, COOTBETCTBYIOILEE MEPEIOMY KPUBOH ycTa-
noctH ( B ITMTEpaAType Mo ASTAIIM MamiuH o003HavYaeTcs Takxke Nyo, Nuc).

Nii=H?, <12x107;

€CII TBEPAOCTh 3amaHa B eamHunax HR(C, , TO ee mepeBomAT B eauHULBl HB (
IHRC»=10 HB); Ng- TpeOyeMblii pecypc pacuuThIBAEMOTO 3y0UaToro Kojieca B [HKJIaX.

[Ipu mocrossHHOM pexumMe HarpyxeHutt ( puc.2.1,a)

Nx=60cnl, (2.2)
rae C — 4uCIio BXOXKAEHWH B 3alleruieHne 3y0a pacCUMThIBAEMOTO KoJieca 3a OJUH
oboport ( puc.2.2), n-uyuciio o60POTOB B MHHYTY PacCUMTHIBAEMOTO KOJieca, MUH e L, -

TpeOyeMbiii pecypc nepeaauu, d,

L, =L, -365k,, 24k, =8760L, K, K, ,

rae L,.- cpok ciayxObl iepesauu, Tosl; «,, - K03(pPUIIMEeHT nCrnoab30BaHus TIEpe-
Jlaudl B TEYEHHUH IOJ1A; K, - KOY(QOUIHMEHT NCHIONIB30BAHNA NIEPEJAUYN B TEUEHHH CYTOK.
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Cr={ (34

Puc. 2.2

Ecru N, >N

[Ipn nepemenHoM pekume Harpyxenuit (puc. 2.1, 6) B opmyiy i onpeneneHus
z, BMECTO N, TIOJICTABJIAIOT SKBUBAJIEHTHOE YUCIIO IAKIIOB N,

N, =60cnL, (a, +a, B +a,B; +..) (2.3)
Ecmu N, > N, , TO IPUHUMAIOT z,, =1.

#1m > TO IIPUHUMAIOT z,, =1.

[Ipn mpoekTHOM pacyere Ha KOHTAaKTHYHK) BBIHOCIMBOCTH MPAMO3YOBIX MeEpeaad
000l TBEPAOCTH, a TaKKe KOCO3YObIX W IIEBPOHHBIX MEpefau ¢ TBEPAOCTbIO H, W

H, >350HF B Ka4€CTBE pPacyETHOT'O JIOIIyCKaeMOT'0 HamNps KEHUs MPUHUMAIOT MHHHUMAaIIb-
[GH]I
[GH ]2
TBEPAOCTBIO KOJeca H, <350HF ¥ TBEPAOCTHIO MIECTEPHU H, > 350HF pacUeTHOE AOITYyC-
KaeMoe HarnpsHKEHUE OMPeAesIoT mo (Gopmyne
[O-H ] = 0745([GH ]1 + [GH ]2)
OTO HaNpKEHWE HE JOJDKHO MPEBHIINATH 1,23[0'H ]2. B nporuBHOM cilyyae npUHU-

Hoe w3 [o, ] u [0,],, T. €. [JH]:min{ }; I KOCO3YOBIX M IIEBPOHHBIX TEpPenad ¢

Maror [0, |=1,23[0, ],
2.2.2. Jlonyckaemble HaNpsuKeHUs1 M3ruda 3yobeB

Jlonyckaembie HanpspkeHus u3ruba 3yObes mectepHu [0, | 1 xoneca [o,.], onpene-
JISTIOT TI0 (hopMyJie

o, ]= Ty (2.4)
Sy

TA€ Oy, — JUIATCIBHBIA MPECST BBIHOCIUBOCTH TP “OTHYJIEBOM ~ ITUKJIE HATPYIKe-
HUM, BbIOMpaeTca mo Tabda. 2.3 B 3aBUCMMOCTH OT MaTepuaja U TBEPAOCTH 3yObeB; S, -

S . 4-10°
ko3¢ uIueHT 3anaca U3ruOHON MPOYHOCTH BBHIOWpPAIOT To Tadm. 2.3; y, ="r o KO-
K

a3 unmeHT ToNTOBEYHOCTH, TPUHUMAEMBIN B Tpenenax 1<y, <y, . . m,- TOKa3areib
CTETICHH KPUBOH YCTAIOCTH; m,, = 6 I HOPMAIM30BAHHBIX W YITYUIICHHBIX KOJIEC, m,, =9
JUTS TIOBEPXHOCTHO YIPOYHECHHBIX KOJIEC, V.. =4 OpU m, =6, y, =25 IpH m, =9.

N, - TpeOyeMblii pecypc pacCUUTHIBAEMOTO 3y0UaToro Kojeca B [UKIaX.

Tabmuna 2.3
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Crans Bun repmuueckoii 06- | TBepaocts cepane- | o, , Mlla | S5
paboTKu BHUHBI

1 2 3 4 5
40,45, Hopmanuzanus ynyu- | HB 179...302 1,75 Hus 1,7
50, 40X, | menue
40XH,
35XM,
45X11
40X, 3akanka TBY ckBo3- HB 269...302 650 1,7
40XH, Hasl, BKITIOYas BIAJAUHY
35XM (m=>3 Mm)
40X, 3akanka TBY ckBo3- HRC,48...52 550 1,7
40XH, Hasl, BKJTIOYas BIAJANHY
35XM (m <3 MM)
20X, IlemenTtarms u 3akanka | HB 300...400 775 1,7
12XH3A,
18XI'T,
20XHM,
25XT'THM
40X, AzotupoBaHue HRC» 24...40 12H 2 09 | 1,7
40XHMA

H e - CPEHAS TBEPAOCTD CEPALCBHHEI

[Tpu nocrossHHOM pekuMme HarpyskeHuit (cMm. puc. 2.1, a) onpenensercs o Gopmyre
(2.2).
[Tpu mepemeHHOM pekuMe HarpyskeHuit (cMm. puc. 2.1, 6) B dopmyiy, onpenensito-
Iy y, , BMECTO N, IOACTaBJIIIOT S5KBUBAJICHTHOC YHCJIO IUKIOB N
Ny =60cnL, (a0, +a, " +a, B +..) (2.5)
Ecnu N, u N, >4-10°, TO IpUHUMAIOT y, =1.

2.3. IIpoexkTHBII pacyeT HA MPOYHOCTH 3aKPHITHIX MUJIHHAPHYECKHX 3y0UaThHIX Tie-
peaay peIyKTopoB

I[peaBapHuTENbHEIE TE€OMETPUUECKHE PA3MEPHI MEPEaun ONMpPEIENIAI0T PacueToM Ha
KOHTAaKTHYIO BBIHOCIMBOCTD 3yObEB.

Hcxoanbie faHHbIE (IOJTyY€Hbl IIPU KHHEMATHIECKOM PacyeTe):

7, - BpallarolIuii MOMEHT Ha mecTepHe, H.M;

T, - BpallaloInii MOMEHT Ha KoJece, H.m;

n, - YACTOTA BPAIICHAS KOJeca, MAH

u - IEPEIATOYHOE YHCJIO,

[, |- monmyckaemoe konTakTHOE Hanpsbkenue, MI1a;

[0, ] - nonmyckaemoe HanpsikeHne uzruba 3yobe mecreprn, Mlla;
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[o,.], - monyckaemoe Hanpsbkenue u3ruba 3yobes koneca, MITa.
[unuaapuueckas 3yOuatas nepeaaya nokasaHa Ha puc. 2.3.

HOCHGHOB&TGJ’IBHOCTB pacucTa

1. Onpenenenue NpeaBapUTEIFHOTO 3HAYCHHS MEKOCEBOT'0 PACCTOSHUA @, ,

ay, =k(u+ 1)3\/5:22 , (2.6)

rJie 3HaK “+7 (3/1ech M Jajiee) OTHOCHTCS K BHEITHEMY 3alleTUICHHUIO, a 3HaK - — K
BHYTpEHHEMY; 7, - Bpamaronmii MoMeHT kojieca, H.M. Koaddumment K B 3aBuCHMOCTH
OT MOBEPXHOCTHOM TBEPIOCTH 3yObEB IIECTEPHH M KOJIECA UMEET CACAYIOIINE 3HAUCHHS
[13]:

Teepnocts H, HB: H, <350, H, >350, H, >350;

H, <350, H, <350, H,>350.
Kosddumment K: 10 8 6.
2. YTOUHEHUE HAMACHHOTO 3HAYEHHUSI MEKOCEBOTO PACCTOSHUS:

f Kyl
ay :Ka(u il)S m7 (27)
H ba

rae K, =410 1y KOco3yObIX U IIEBPOHHBIX 3y0UaThIX KOJEC U K, = 450 ISt IPSMO3yOBIX

3y0OuaThIx KOJjec.
Koaddumment mmpuHbl BeHIa 3youaroro koneca v, =b, /a, Ui pEAyKTOPOB 3y0-

YaThIX KOJIEC U3 YIYUIICHHBIX CTAJICH MPH HECHMMETPHYHOM PACHOJIOKEHHUH OTHOCH-
tensHO orop 0,315...0.4; nnsa konmec w3 3akaneHHbIx crajeit — 0,25...0,315; npu cummer-
puuHoM pacnojoxxennu — 0,4 ...0,5; nmpu koHcoapHOM pacnojoxenun — 0,2...0,25.
Jlns meBpoHHBIX Tiepenay y,, = 0,63...1,25. JIns nepenad BHYTPEHHETO 3alleTICHUs
¥,, = 0,2(u +1)/(u —1). CTangapTHsle 3HaYeHns v, g peaykropos: 0,1; 0,125; 0,16; 0,2;
0,25;0,315;0,4;0,5; 0,63; 0,8; 1,0; 1,25.

Koaddumment narpysku

KH = KHV 'KHﬂ 'KHa (28)

Koaddunment K, , yauThIBAIOINK BHYTPEHHIOK JMHAMHUYCCKYIO HArpy3Ky, 3aBH-

CHT OT OKPY>KHOM CKOPOCTH }' M CTeIIEHH TOYHOCTH M3roTOBIeHU nepeaaun. OKpyskHast
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CKOPOCTH ompeaenseTcs no Gopmysie
_ 2manu
6-10*(u +1)

(2.9)

Crenens TOUHOCTH BBIOHWpPAIOT 110 Ta0n.2.4. 3HaueHus ko3ddurnmenra K, BoIOH-

patorcs mo tadn. 2.5.

Tabnmuua 2.4

Crenenp Tounoctu (o 'OCT 1643-81)

Jlomyckaemasi OKpy>kKHasi CKOPOCTh
Kxonec V, M/c

npsMO3yObIX | HENmpAMO3YOBIX
7-1 (mepenaun HOPMATbHON TOYHOCTH ) 12 20
8-51 (mepenaun MOHUKEHHON TOUHOCTH ) 6 10
9-s1 (rpyOble mepenaun) 3 5

[Mpumeuanwue. [y peayKTopoB 1 KOPOOOK CKOPOCTEH 9-10 cTeneHb TOYHOCTH HE MpruMe-

HATD.

Tabnuua 2.5

Crenenp | TBepmocts | K, nipu V, m/c K,, npu V, m/c
TOYHOCTH | KOJIEC 1 3 5 8 10 1 3 5 8 10
7 A 1.02]11.0611.1211.19(1.2511,02 1,06 |1.12|1.19|1.25
1,01 [1,03/1.05(1,08|1,10|1,01[1,03|1,05|1.08(1,10
b 1.0411.1211.20(11.32({1.40|1.08|1.24|1.40|1.64|1.80
1,02 (1,06 1,08 1,13|1,16 | 1,03 [1,09 | 1,16 1,25 1,32
8 A 1.0311.0911.15/1.24(1.30(1,03|1.09|1.15]1.24|1.30
1,01 [1,03|1,06]1,09|1,12]1,01 [1,03|1,06|1,09]|1,12
B 1.0511.1511.24|1138(1.48|1.10|1.30|1.48|1.77|1.96
1,02 1,06 1,10 1,15| 1,19 1,04 [1,12|1,19| 1,30 1,38
9 A 1.0311.0911.17 1128135103 |1.09|1.17|1.28|1.35
1,01 [1,03 1,07 1,11 (1,14 1,01 [1,03|1,07|1.11]| 1,14
B 1,06 (1,12 11.28 145|156 |1.11 (133156190 | -
1,02(1,06 [ 1,11]1.18[1,22]1.04|1,12{1.22[1,36]1.45

Ipumeuanus: 1. Yucnurenns- npsmosyOble, 3HAMEHATeb- KOCO3yOble KoJeca.

2. A'H] I/IH2>350HB, B'H] I/IH2§ 350 HB 501051 H1>350 HB, H2S350HB

Kosdpdument K, , yanTeiBaroiuii HEPaBHOMEPHOCTh PACTIPEAEIEHHS HArPy3KH

MO ITMHE KOHTAKTHBIX JIMHUH, OTIPEaeNsieTcs M0 HoHoTpammam (puc.2.4) B 3aBUCHIMOCTH
OT K03 PUIUEHTOB IHUPHUHBI ,, = b/d, = 0,5y, (u 1), CXEMbI TIEPEAAYN U TBEPIOCTH

3yObeB.
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Puc?2.4
Koapdumment «,,, yIuThIBAIONINI HEPABHOMEPHOCTh PACTIPEACIICHUS HArpy3KH

MEXIy OAHOBPEMEHHO 3allCTIISIOIIMMHUCA TTapaMu 3yObeB B CBA3M C MOTPEIIHOCTIMHU W3-
TOTOBJIEHUS IIECTEPHU M KOJIECA, OMPENEIIACTCS MO CIEAYIOIUM NPHOIMKEHHBIM 3aBHCH-
MOCTSIM:

Jlna mpsimo3yObIx nepeaay

Ky, = Kpy =14+0,06(15 —5)1 <k, <125 (2.10)

JUTsl KOCO3yOBIX mepenay

Ky, =Kp, =1+a(m., —5),1<k,, <16,

TAe n., - 9UCI0, 0003HAYAOIIEE CTENICHbh TOYHOCTH Nepeaaun; a = 0,15 ma 3yOua-
TBIX KOJIEC C TBEPAOCTBIO H, W H,>350HF W a=025 npu H, m H,<350HB W
H,>350HB u H, <350HB.

IIpumeuanue. [Ipy yTOUHEHHBIX pacyeTax IIEBPOHHBIX nepenady Ko3pQPUIHEHT HArpy3KH He-
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00XOJIUMO OMPENENAThL ¢ YYETOM HEPABHOMEPHOCTH PACIPENEIEHUS] HArPY3KH MEXIY MOJTY [IEBPO-
namu [12].

[TonyueHHOE 3HAUEHHE MEXKOCEBOI'0 PACCTOSIHUA a, OKPYIJIAIOT 10 OiM>KaHIIero
cranaptHoro 3Hauenus: 63; 71; 80; 90; 100; 112; 125; 140; 160; 180; 200; 225; 250,
280; 315; 335; 400; 450.

3. [IlupuHa BeHIIa Kojieca paBHa pabouel MUPUHE TIepeaauu, T. €. b, =y, -a, . [1lu-
puHa 1mectepHu b, =1,12b,. IlonydyeHHble 3HaUeHUsA b, U b, OKPYIJIAIOT A0 ONMKaWIINX
LEJIBIX 3HAUEHUH B MIJJTUMETPAX.

4. OnpeaeneHrue HOPMAIBHOTO MOJYJISI 3yOUaThiX KOJEC MPOU3BOAUTCS MPH Clie-
JYIOIIUX YCIIOBUSAX.

3HaueHUe MOIYJISA JOHKHO OBITH B Mpeaeiax

m_.. <m< m_.. -

MuHHUMaNbHBIH MOJLYJIb m_ ONIPEACIAETCA U3 YCIOBUS MPOYHOCTH 3yObEB HA W3-

rub 1Mo U3BECTHOMY MEXKOCEBOMY PACCTOSHUIO IO CJICIYIOIIEH 3aBUCUMOCTH:
_ kpli(ut1)
o " awa [GF ]2 ’

rae K, =3400 g npsamo3yosix nepenad u 2600 mys Koco3yObIX U IMIEBPOHHBIX T1e-

m

2.11)

penay; «, — K03(pPUIMEHT HArPY3KH, MPUHAMACMBbII PABHBIM X, .
MakcuManbHO AOMYCTUMBIH MOYJIb m_.  ONPEACISICTCS U3 YCIIOBHUS HETIOAPE3aHUs
3yObeB Y OCHOBAHUA

m

_2a,-cosf  2a, 2.12)
™ (utl) 17(utl) '

B mmanazone ot m_, 10 m,, TPUHAMAKOT CTAHAAPTHOE 3HAYEHWE HOPMAJIBHOIO

moayist m, o I'OCT 9563 —60, mm;
1-w1id pan— 1,0; 1,25;1,5; 2; 2,5; 3,0, 4,0; 5,0; 6,0; 8,0; 10,0.
2-oupsan —1,75;2,25;,2,75;,3,5,4,5,5,5,7,0,9,0.
Psan 1 cnenyer mpeanounTats psay 2.
JIns cuiioBBIX Tepeiad PeKOMEHyETCSl PUHUMATh m,, > 1,5mm .

X

5. OnpeneneHue unciia 3yObeB MIECTEPHH U KOJIeca MPOBOIUTCA B CIIEAYIOLIEM T10-
pAIKE.
CymmapHoe 9uciio 3y0beB T MPAMO3YyObIX TIepenad OMpeaeIistoT mo hopmyrie
2a
Iy =%z = mW : (2.13)

Ecin ZZ MoJlyyaercsi TpoOHBIM YHUCIIOM, TO HEOOXOAMMO W3MEHUTh 3HAUCHUE m

WM Hape3aHue 3yObeB KOJIEC MPOU3BOANTH CO CMEIICHHEM WHCTPYMEHTA (KOPPUTHPOBa-
HUEM).

Jliis Koco3yObIX W IMIEBPOHHBIX MEPeIad BHAYANIC ONPEACISIOT MAHAMAIBHBIN yTOJ
HaKJIOHA 3yObEB:

. 3,5
B, = arcsin 'bm” >8°, no<22° (2.14)

2
B pa3nBoeHHBIX CTyNEHAX PEAYKTOPOB s Jydllled CaMOYCTaHOBKM BaJia

ﬁmin = 300 N
Jlns 11eBpoHHBIX Mepenay yroi £, =25,

min
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3aTeM onpeAensitoT CyMMapHOE YUCIIO0 3yObeB

Zs :Zzillzm. (2.15)
m

n

[TonyueHHOE 3HaUEHHNE Z< OKPYIJISIIOT B MEHBIIYIO CTOPOHY J0 IIEJIOr0 YHCIA.

>
Uwucno 3yObeB MIECTEPHH:

‘s
Z, =—=>7Z . (2.16)
utl

(3Ha4eHWE Z, OKPYIIIAIOT IO LETIOr0 YUCTA).

Yucno 3yObeB Koyeca Z, JUIsl BHEIIHETO M BHYTPCHHETO 3allCTUICHUS COOTBETCT-
BEHHO!

Z,=Zy -7, 5

JIst 3y0uaThix KoJiec, Hape3aHHBIX 0€3 CMEICHUsI HHCTPYMEHTa, Z
3y0bIe KoJieca), Z,,,, =17-cos’ f (KOCO3yObie U IIEBPOHHBIE KOJIeCa).

[lpm Z, <Z, , mnepenauy BHIMOJIHIIOT C BBICOTHOM Moan(HKanuen (KOppeKIuei)

JJIA UCKIMIOYCHHA ITOAPC3aHuA 3Y6BCB W TIOBBIIIIEHHUS WX HM3THOHOM IPOYHOCTH. B stom
ciydyae CyMMapHbIi KO (UIIHESHT CMEIICHUS
X5 =X, +tx =0,

Z,=Z< +Z,.

=17 (mpsmMo-

1min

roe " — g BHemHEro 3aneruieHud (x, =-x ). "-"' — IS BHYTPEHHETO 3aleIUICHUA
2 1/>

(xzle)'

KosdummenT cmemenns s mecTepHr x, MOKHO OMPENENATh TIo (popmyiie:

Z,sin’ o Z
1 min 1 - =1= . (217)
2cos fB 17cos 8

[pumeuanue. [Ipu npoekTHpoBaHuy 3yOUaThX Mepeaayd UCIONb3Y €TCS ¥ YTII0Bas MOTU(HKa-
ust 3yObeB (xz =X, +x, >0}, No3BOMIAONIAs CyIIECTBEHHO YJIYUIIUTh KAYECTBEHHBIE MOKa3aTeNu

nepenadyy — MOBLICHTh KOHTAKTHYIO M H3MHOHYO MPOYHOCTH, H3HOCOCTOWKOCTD, 00ECTIEUHUTEh PaBEH-
CTBO HOMHHAJIbHBIX HANPSKEHUH U3ruda 3yObeB IIECTEPHU U KOJIECA, U3TOTOBJICHHBIX U3 OJHHAKO-
BBIX MarepuaioB. JTo obecneyuBaeTcs BHIOOPOM COOTBETCTBYIOIMX 3HAYEHUH X,,X,,z . . Peko-

2> “min

MeHaliu Mo BeiOopy koadduuuentor cmemienus nansl B [OCT 16532-70.

[Tocne BHMMCICHUS Yrce 3yObeB KOJIeC KOCO3yObIX U IIEBPOHHBIX MEPeaad HeoO-
XO0OAMO ONpEACIUTh TOYHOC 3HAYCHHUC YIJIa HAKJIOHA SY6BCB C OCJIbKO COXPAHCHUA ITPUHA-
TOro MEKOCEBOro paCCTOAHUA a, .

z, +z,)m
B= arccos@ (2.18)

a

w

(arcos BBIUUCIAIOT ¢ TOuHOCTHIO 10 0,0001).
6. Omnpenenenne (akTHUECKOrO 3HAYEHUsA IepeJaToyHoro umcna U, =Z7,/Z,, ¢

touHocThio 10 0,01. B MHOTOCTYnEHYAThIX peayKTopax oodrnee pakTHIECKOEe TepeIaTod-
HOE YMCIIO HE JOJDKHO OTIIMYATEHCS OT 3aJaHHOoro 6omee yeM Ha 4%.
7. ITpoBepouHbIii pacyeT Ha KOHTAKTHYIO BBIHOCTHBOCTD MIPOBOIST MO 3aBUCHMOCTH
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K, T \u, £1F
o, =Le [BnBWs PV 10 g (2.19)

au, b,

r7ie OCPEaHEHHBIC 3HAUeHUS Kod(pduuenTa Z = 9600 st mpsAMO3yObIX U 8400 st KOCO-
3yObIX mepeaay.

Ecnau pacyeTHbIE HANpsKEHUS o, MEHBLIE JOMYCKaeMbIX |0, | B mpemenax
15...20% wnu npeBBIIAOT X B Tpeaenax 5%, To paHee MPUHATHIE MapaMeTPhl Mepeaadn
MPUHUMAIOT 32 OKOHYATEJIbHBIC. B MPOTHBHOM Cilydae HEOOXOAMMO W3MEHHTh T€OMETPH-
YECKHUE MapaMeTPhl KOJIEC WU TIOBBICUTH COTIPOTUBJICHHE yCTanocTu matepuana. Hamnbo-
Jiee MPOCTO U3MEHHTH IIMPUHY 3y0UaTOro BEHIIA

rae b,- CKOPPEKTUPOBAHHAS paboyas MUPHHA 3y0UaToro BEHIIa Kojieca.

8. IIpoBepounsbIii pacueT Ha BEIHOCIMBOCTH MPH U3THOE MTPOBOIAT st 3yObeB TIEC-
TEPHU U KoJieca 1o 00I1IeH 3aBUCUMOCTH

2000-7-K, - cos
= }’I’lz-bF-z 'ByFsyﬁyg S[‘71@*]7 (220)

Op

rae K, - koapuimeHT Harpy3Ku
Kp=Kpy Ky K (2.21)
31eCh K ,,- K03(pPUIIUCHT, yUNTHIBAIOIINN BHYTPEHHIOK THHAMHUECKYIO HArpPy3Ky

Fo >

B 1epeaue, onpenensercs no tadn. 2.4; K,,- ko3pPUUUEHT, yUNTHIBAIOMIUH HEpaBHO-
MEPHOCTh PaCTpeACICHHs HArPy3KH 1O JJIMHE KOHTAKTHBIX JIMHUHN, OMPEACIIAETCS 10 HO-
mMorpamMmam (cM pHC. 2.4) aHQJOTMYHO omnpeaeneHuro koddduumenta K,, (ctp. 32).
K., =K,, [cm dopmyisr (2.10)]; v, - ko3 unmentT, yautsaronmii opmy 3y6a 1 KOH-
HEHTPAIUIO HAMIPSHKCHUH, OMPEAeIAeTCs Mo Tadi. 2.6 B 3aBHCUMOCTH OT JICHCTBUTEIIBHO-

ro urcna 3yopeB Kojec Z (Ui mpsMo3yObIX Tiepeaad BHEITHETO 3aLETJICHHS) WIH TTPHBE-
JCHHOTO 4HCclia 3y0beB Z, = Z/cos’ B (sl KOCO3yObIX W IIEBPOHHBIX Mepeaau) U Kodd-

¢duenTa cMemeHns HHCTpyMeHTa (rpu orcyTeTBur cMetennst X=0). [lns uucen 3yOben
KOJIeC, He YKA3aHHBIX B TAONUIE, IPHA OMPEACICHUN Y, MPUMEHSIOT JHHEHHYIO WHTEPITO-

JISIHEO.
Tabmuua 2.6
z WK Vps TIPHA KO PUIIMEHTE CMETIIEHUS X
Zy -0,5 -0,3 -0,2 -0,1 0 +0,1 | +0,2 | +0,3 | +0,5
1 2 3 4 5 6 7 8 9 10
14 - - - - - 424 1400 [3,78 |342
17 - - - 4,5 427 14,03 [3,83 |[3,67 |3,40
20 - 455 428 [407 (389 |375 |3,61 |3.39

25 |- 439 420 |404 |390 |3,77 |3.67 |3.57 |339

30 |46 |415 |405 [390 |3.80 |3,70 |3.62 |3,55 |3.40

40  |412 |3,92 |384 |37 |3,70 |3.64 |358 |3,53 |342

50 397 13,81 [3,76 [3,70 |3,65 [3,61 |[3,57 |3,53 [3.44
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60 |3.85 [3.73 |3.70 [3.66 |3.63 [3.59 |3.56 |3.53 |346
80 |3.37 |3.68 |3.65 |3.62 |3.61 |3.58 |3.56 |3.54 |3.50
100m | 3,68 [3,65 |3,62 |3.61 360 |3,58 |3,57 3,55 [3,52
Oomee
[lpumep. Ompenenuts y,, mpu z=22(x=0). [lpy z=20 y, =4,07; npu z=25
Vs = 3,90
Ayps = YVes(e20) ~ Visemas) = 407-3,90=0,17]
npu Az =25-20=5
Ay, -2 017-2 )
YrEs(z=2) = Vrsz=20y ~ s 12 _ 4,07 - =4,00;
nin
Ay, 3 0,17-3
Yisez=22) = VEs(z=2s) ~ s 2 3,90 +— =4,00.
JI71st KOJteC ¢ BHYTPEHHUMH 3yObSIMHU ), BHIOMPAETCSI B 3aBUCHMOCTH OT Z !
;|40 45 50 55 60 > 70
Vs | 4.02 395 3,88 3.84 38 3,75

¥ ;- KOO((UIUEHT, YUUTHIBAIOIIMH HAKIIOH 3y 0a
’BO

yﬂ :1*8/}E2077

KosdpumenT 0ceBoro nepexpuITus &, OMpeacasercs no GopmyJe

b
_ 2 3
gy = sin 7,
m

n

22)

(2.23)

¥, — K03(p(PHUIHEHT, yUUTHIBAIOIINI TIEpEKphITHE 3yOheB. JIst IpAMO3yObIX U y3-

KHX (&, <1) KOCO3yObIX mepenad

0,8
Ve =02+—,
&

(21

1
JUISL KOCO3yOBbIX mepenay y. = rae Kod(UIUEHT TOPIEBOTO MEPEKPHITHA &, ,

o

OTIpeaeIIAeMBbIii 110 hopMmyJie

g, = {1,88 —3,2{i J_riﬂ cos .
Z] 22

9. Onpenenenrie reOMETPUUCCKUX Pa3MEPOB MEPeIaum:
- ICJIUTEIIbHBIA TUAMETP KOJIEC

PR ’
cos 8
- IMaMETP BEPILUH 3y ObeB
d,=d+2m(l+x),
- TMaMeTpP BNaauH 3yObeB
d, =d—-25m(1+0,8x).

Jl7ist 3y6uaTeix KoJieC ¢ BHYTPEHHUMH 3y ObAMU
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d,=d,-2m(l-x,), (2.28)

d,, =2a,+d, +0,5m. (2.29)

10. Onpenenenne cuit B 3aleNJICHUN, HEOOXOAMMBIX JIJISl PacueTa BAJIOB U MOIIHII-
HUKOB!

OKpY>KHast
. 3 . 3
p 20T 2:10°7, (230)
d, d,
paauaabHas
0
F = I 1820 . (2.31)
cos [
oceBast
F, =Fgp. (2.32)

Cxema cwit, ACWCTBYIOIIAs HA BAJl OT 3y0UaThIX KOJEC B IMJIMHAPUICCKON Tiepeaa-
ye, IoKa3aHa Ha puc. 2. 5.

Puc. 2. 5.
2.4. OcoOeHHOCTH pacueTa COOCHBIX PEIYKTOPOB

MeskoceBoe pacCTOSHHE a,, PEIYKTOpa OMpeneNseTcss U3 pacdyera 3youaroit mepe-
Jaud TUXOXOIHOM CTymeHHW (CM. pa3i. 2.3), mocie uero onpeneistor kodhduiumenT mu-
pPUHBI OBICTPOXOAHOW CTyTeHH U3 hopmysl (2.7):
Ky -1,
3 2. 2"
a, [GH] Up

Koadduiment narpysku u 10y cKaeMoe HaNpsKEHUE MOYKHO MIPUHATH PaBHBIM K,

(2.33)

l//ba = KZ(”E i1)3

¥ [0, | TuXOX0aHO#M cTynenu. Ecnu nonydenHoe 3navenue y, Menbiie 0,2, T0 ero cueny-

€T MPUHATH paBHbIM 0,2.
Pacuer ocrampHBIX mapameTpoB OBICTPOXOAHOUN cTymeHu cMm. mm. 3, 4, 5, 9, 10 B
pazm. 2.3.

2.5. OcoOeHnHoCTH pacueTa OTKPBITHIX MHJIHHAPHIECKHX
3y04aThIX nepeaad.

OTKpBITHe MUIMHAPUYCCKHUE TCPCAAYU BBIMOJHAIOT TOJIBKO Hp}IMO3Y6HMI/I. Cre-
IICHb TOUHOCTH WX HU3TOTOBJICHUA 110 HOPMaM IIJIaBHOCTH pa6OTBI W KOHTaKTa 0OBIYHO 9-as

(I'OCT 1643-81).
OcHoOBHBIEC pa3Mmepsl niepenay a,,,d,,d,,b, ONPEEISIOT U3 pacyeTa Ha KOHTAKTHYIO

MPOYHOCTh. MIX KOHCTPYHPYIOT Y3KHMH, ¢ Kod(dumuenTom mupuHbliy,, =0,1..02. [Ipn
pacyeTe MPUHUMAKOT JOTYCKAEMbI€ HAMPSXKCHUS

[O' ]: O lim i [O' ]:GFlim '
" S ! F
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3yOuareie KoJieca OTKPBITHIX MEpenady M3rOTOBIAIOT B OOJIBIIMHCTBE CIIy4acB W3
HOPMAaJIM30BAHHBIX WK YIyUYlIEHHBIX cTtajied. [Ipu mobol TBepaocTH pabounx MoBepX-
HOCTEW 3yOb€B OTKPBITHIEC MEPEAAYN CUUTAIOT MPUPAOATHIBAIOIIMMUCA. YUUTHIBAS MOBBI-
HIEHHBIH U3HOC 3yObEB OTKPBITHIX Mepeaad, 3HAUYCHUE MOLYJISI PEKOMEHAYETCA MPUHUMATh
B 1,5...2 paza GonbimuM, yeM Uil 3aKPHITHIX TIEPEIay TeX KE Pa3MEpOB.

2.6. Pacuer numHApHYECKHX 3y0UaThIX Mepeaayd KopodoK CKopocTeii meTajLiope-
JKYIINX CTAHKOB

3y0uaTsie Kojieca KOPOOOK CKOPOCTEH METAJUIOPEIKYIIUX CTAHKOB YaIlle BCETO W3-
roToBjIsitOT U3 HeMeHtyembix crajei 20X, 12HX3A, 18XI'T, 20XHM, 25XT'HM wu ap.
MexaHndyeckue XapakTePUCTHKH STUX CTaJIeh puBeeHbl B Ta0i. 2.1.

Jlommyckaemble HaAMPSOKEHUS OMPENCISIFOTCA B COOTBETCTBHH C PEKOMEHIAITHSMU
paza. 2.1 u 2.2. 3ybOuarsie Kojeca NMEPEABUKHBIX OJOKOB H3TOTOBJISIOT MPAMO3YOBIMH
(£=0).

[IpoekTHbIN pacueT MUJIMHIAPUUYECCKUX 3y0OUaThiX mepenady KopoOOK CKOPOCTel mpo-
BOJIUTCSI IO METOJIUKE, U3JIOXKEHHOU B pa3a. 2.3. OCcoOEHHOCTh pacyeTa 3aKIouacTcs B
TOM, YTO 4yHucja 3yObeB KOJIEC M3BECTHBI M3 KMHEMATUUYECKOro pacuera. [loaromy pacuer-
HBIM TAPaMETPOM SBJISICTCS MOJYJIb 3allCTICHUS m, , OMPEISISIEMbI pacueToM Ha KOH-

TAKTHYIO BBIHOCJIUBOCTh M BBIHOCITMBOCTH MpH U3rude 3yores. [logydyenHoe Oonpliee 3Ha-
YEHUE MOJYJISI OKPYTJIAIOT A0 Onmskaiiero 0ombliero cTaHaapTHoro 3Hauenus no 'OCT
9563-60 (cm. c. 34).

Onpenenenne MOAYJIA U3 pacueTa Ha KOHTAKTHYIO BBHIHOCIMBOCTH 3yObEB BEAETCS
o GopmyJie, MOyIeHHON u3 BeipaxeHus (2.7):

mn:chos,BJkHTlgqul)’ (2.34)
4 [GH] UY

rae K, =710 st npaMo3yOsIX u K, = 650 1T KOCO3yObIX Mepeaay.

Kosdpdumment narpysku onpenensercs mo dopmyne (2.8), mmes B BULY, UTO TOU-
HOCTb U3rOTOBJICHUS 3y0UaThIX KOJIEC - HE HUKE 7-U CTENEHH.
by, (u+])
)

Koaddumment mupunsr y,, = —

ay,=01.02.
7 > W,

. . 1
Ilepenarounoe uucno u=1/i,, >1, TA€ i, =— - A3 KMHEMATUYECKOIO pacyera
@

(cm. m. 1.4), T.e. pacuety moaBepraceTcs HauOoJIee Harpy KeHHas Tiepeaua mepeaBHKHOTO
OJoKa.

Onpenenenne MOy STOW TepeAayd W3 pacueTa Ha BBHIHOCIWBOCTb NPU M3THOe
3yObeB IIeCTEPHA BeAETCS MO (hopMyJie, TOIyueHHOU U3 BeIpakeHus (2.20):

c T . T
mn:12,63\/’\F L0/l A cos 3, (2.35)
l//mzl[o-F]l

rae v, = L 6...10 - K03 PHUIMEHT TTUPHUHBI 3yOUaTOTO BEHIIA.
m

n

KoadpdunmenT narpysku «, ompeaensercs mo dopmyse (2.21) mis xonec 7-i cre-
MIEHU TOYHOCTH.
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Kosduumentsr y.,y, ¥ y, ONPEAENsIOTCS aHaIOTMYHO 1o 1. 8 pasa. 2.3.

Bonpumii Moayap M3 pacyera Ha KOHTAKTHYIO W U3rMOHYIO BBIHOCIHUBOCTH OKPYT-
JIAIOT 10 ONFpKaiiero OOJIBIIETO CTaHIapTHOTO.

Jlanee onpenensaroTcsa reOMETPUUECKUE TapaMeTPsl IEpEAadYn U CUJIbl B HEH MO 3a-
BUCUMOCTSM, YKa3aHHbIM B 1. 9, 10 paza. 2.3.

[Iupuna 3y0uaThiX BEHIOB OOOMX KOJEC Mepeaayd OJAWHAKOBA b, =b, =b=y,,  d,
W b=y,m, .

3areM NPOBOAMTCA NMPOBEPOUYHBIM pacueT mnepenaud. JleicTByroue B mnepenaue
KOHTAKTHBIC HAIPKEHUS

oy =5 JhD o ) (2.36)

1

rae x, =710 s npAMO3yObIX U k, = 650 Ad Koco3y6bIX nepeaad.

Ecm o, > [0, | 6onee uem Ha 5%, TO HEOOXOMMMO U3MEHUTH T€OMETPUUECKHE Ma-
pametpsl kosiec. Hanbosee mpocTo M3MEHUTh UPHUHY 3y0UaToOro BEHIa

’ "’[[GHJ

I[CﬁCTByIOHlHC B IICPCAauC HAIIPAKCHUA I/ISFI/I6a
2000-k,. -7 - -y, -y -COS
F yFs;l Y Ve ﬁé[@ ]
bmz,

Op =

(2.37)

Ecm o, > [0, ] Gonee uem Ha 5%, TO NPOUYHOCTH MPU U3rUOE MOKHO MOBBICUTS IIy-
TEM yBeJII/IquI/Ifl paboueii MUPUHBI BEHIA 10

b =25 um YBEIUYEHUSA MOIYJIA 3aLCTUIEHUS.

A

2.7. IIpoeKkTHBIi pacyeT 3aKPbITHIX KOHHYECKHX Nepeaay
€ NPSIMBIMH 3y0bSIMH

Konnueckas 3y0OuaTas mepenaua mokazana Ha puc. 2.6. [IpensapurenbHbie TeOMeET-
pUYECKHE pasMephl TEPeladd OMPEICSISIFOT PacueToM Ha KOHTAKTHYIO BBIHOCIIHBOCTH
3yObeB.

[Ipu pacuere Ha MPOYHOCTH KOHMUYECKOH 3y0UaTol mepeaaun ee 3aMeHsI0T YKBUBA-
JICHTHOM (MPUBEACHHOW) MWIMHAPUICCKON W UCTIONB3YIOT (POPMYJIBI, IPUMEHSIEMbIC TS
pacuera HMIMHAPHIECKUX 3y0UaThiX Mmepeaay.

Bribop maTepmana ajis U3roTOBJICHUS KOJIEC U OMpPEACTCHUE JA0MYCKAeMbIX HaNps-
JKEHUH MPOBOAATCS aHAJOTHYHO M3JI0KEHHOMY B paza. 2.1 m 2.2,

Hcxonubie nannbie mis pacuera (7),7,,n,,n,,u) TONYUYEHBI NMPH KHHEMATHICCKOM
pacuere npuBoAa. OTHOIICHHE MUPHHBI 3y0UaToro BEHIA K BHEITHEMY KOHYCHOMY pac-
CTOSHUIO MPUHATO k,, =b/R, =0,285.

37



0> 01//

[ / dms

Puc. 2.6
[TocnemoBaTenbHOCTH pacueTa

1. Onpenenenre OPUEHTHPOBOYHOTO (TIEPBOE MPHUOIMKEHNE) 3HAUCHUS BHEIITHETO

JENATENBHOTO AUaMeTpa d,, , MM:
. Uk
d, = sti’ . (2.38)
VH

3nech v, - KOO(PPHUIUMEHT MOHMKEHHUS HECYIIEH CIIOCOOHOCTH KOHMYECKUX MepeIay
0 CPaBHEHHIO C OSKBHMBAJECHTHBIMH ITHIMHAPHYECKAMHU. J[Ia mpsMO3yObIX Tmepemad
v, =085.

Kosg¢urmenT K B 3aBHCHMOCTH OT IIOBEPXHOCTHON TBEPIOCTH 3yObEB IIECTEPHU
1 KOJIeca MMEET clienyromue 3HaueHus [13]:

Teepmocts H, HB H, <350, H, >350, H, >350,
H, <350 H, <350 H, >350
Kosdpdumment K 30 25 22
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2. OpUCHTUPOBOYHOE 3HAUCHUE CPEIHEH OKPYXKHOM ckopocTH (V. , M/C) BBIUHCIS-
IOT 10 CIeIYIOLEeH 3aBUCMOCTH:

Ve 7-0857-d,,n,

" 6-10*
3. HGO6XOZ[I/IMYIO CTCIICHb TOYHOCTH IICPCAavYn HA3HAYAKOT B 3aBUCUMOCTH OT OK-
pykHO#U ckopocTh. [IpsmMo3yObie KOHUUECKHE Kojleca MPUMEHSIOT TpH V,, - 10 8 m/c, cre-
IIE€Hb TOYHOCTH HUX HU3IOTOBJICHHA B 3TOM CJIy4ac OOJIXKHA OBITH HE BHIIIE 7-i (7—51 Wik 8-

).

(2.39)

4. Omnpenenenve NPeIBAPUTEIBHOTO (BTOPOE MPUONIMIKEHNE) 3HAUCHUS] BHEIITHETO
JETUTEILHOTO AUaMeTpa, MM

d, = 16503\/KHV 'KHf Lo (2.40)
o v
Kosddunpent nuHaMuueckoi Harpy3Ku x,,, BBIOMPAOT MO TaOil. 2.5, HO MPH 3TOM
TOYHOCTb YCIIOBHO OEpyT Ha OJHY CTEIICHb HIKE (PaKTHUECKOM.
Kospduumenr K, ,, y4uThIBAIOIMMIA HEPABHOMEPHOCTH PACIpPENEICHUS HArpy3Ku
MO JJTMHE KOHTAKTHBIX JTWHUH, BRIOWPAIOT TI0 HOMOTpamMam (cM. puc. 2.4) B 3aBUCUIMOCTH
OT TBEPAOCTH 3yOuaThiX KOJIEC, CXEMbl Tmepenaun W Kod(pduimenTa UPHHBI

w,, =0,166vu> +1.

5. IlpeaBapuTebHOE 3HAUCHHE YMCIIA 3yObEB IMECTEPHU z, BHIOMPAIOT MO Tpaduky

(puc. 2.7) B 3aBUCHMOCTH OT €€ TruaMeTpa (de1 =d., /u) ¥ NIEpPeJaTOYHOTO YKCiia IIPU TBEp-
JOCTH 3yOBheB Kojleca U MeCTepHn > HRC ,45 .

2
U"_‘{ 1/
13 %—( / /
uU=315 | u=4 U=6,3
10 | | \ -
Puc.2.7 40 60 80 00 125 /60 ef MM

Ecnu tBepaocTs 3yObeB miecTepHu > HRC,45, a koneca < HB350, TO HalIECHHOE 1O

rpaduky umciao 3yObeB z, yBenmmuuBaroT B 1,3 pasza. Ecim ke TBepAoCTh 3yObeB W IIeC-
TEPHU U KoJieca < HB350, TO UMCIO 3yObeB IIECTEPHU z,, HAWIECHHOE MO TPadHKy, YBEIH-
yuBatoT B 1,6 paza.
Boraucnsitor umcno 3yObeB kojieca 1o ¢opmysie (C OKPYIVIGHHEM [0 IIEJIOTO)
Z, =z -U.
6. OnpeneneHne OKOHYATEIFHOTO 3HAUEHUS TIEPEIATOUHOTO YHCTIa
u=z,/z (2.41)
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OTKIIOHEHHE OT 33IAaHHOTO MEPEIATOYHOTO YKCIa HE AOKHO OBITh Oosee 4%.
7. BelunCIIEHHE YTIJIOB JETUTENbHBIX KOHYCOB, TPAL;
y
S, =arctg=-, §,=90° -6, (2.42)
ZZ
C TOYHOCTBIO HE MEHEE 0,0030.
8. OmpeneneHne BHEIIHETO OKPYKHOTO MOTYJIs
o
m, =—= (¢ Tounoctsio 0,0001 mm). (2.43)
ZZ
Baennuii okpy>XHOM MOyJIb Pa3periaeTcs He OKPYTAATh 0 CTaHIAPTHOTO 3HAYEHHUS
(I'OCT 9563-60), T.x. OMTHAM U TEM )K€ PEKYIIUM HHCTPYMEHTOM MOXXHO Hape3aTh Kojeca
C Pa3IMYHBIMU 3HAYECHUAMHI MOIYJIS, JIEKAIIMMHU B HEKOTOPOM HEMPEPHIBHOM HHTEPBAJIE.
9. OnpeneneHne BHEMIHETO KOHY CHOTO PACCTOAHUS, MM:

R, = ”; 1/212 +z) (2.44)

3HaueHne R, HE OKPYTJISIOT.

10. Onpenenenne mWUpHHBI 3y0UaThIX BEHLIOB KOJIEC, MM
b=b =b, =K, R, =0285R, (2.45)
Brrancnennoe 3HaueHNE b OKPYTIIAIOT 10 HEJIOTO YHCIA.
11. Onpenenenune kodpPULIMEHTA CMEIIEHHS 3yOOPE3HOTO HHCTPYMEHTA.
B xonndecknx mepemavax ¢ u >1 A7 MOBBIIIEHHUS COMPOTHUBIICHNUS 3aeTaHAIO Pe-

KOMEHIy€TCsI IECTEPHIO BHIIOIHATH C MOJOKUTEBHBIM CMELIEHHEM (x,, > 0), @ KOJIECO- ¢
PaBHBIM €My 110 a0COMIOTHOM BEIMYUHE OTPHIIATENBHBIM CMELIEHUEM (x,, = —x,, ). 3Haue-
HUA x, 7S MpAMO3YObIX Mepeaayd HaXoaaT mo Tabm. 2.7. B 3aBUCUMOCTH OT YHClia 3yObeB
mecTepHr U nepenatouHoro uncna nepenaun (IOCT 19624-74).

Tabmuua 2.7

A x,, TIpH u

1,0 1,25 1,6 2.0 2.5 3,15 4,0 5,0
12 - - - - 0,50 0,53 0,56 0,57
13 - - - 0,44 0,48 0,52 0,54 0,55
14 - - 0,34 0,42 0,47 0,50 0,52 0,53
15 - 0,18 0,31 0,40 0,45 0,48 0,50 0,51
16 - 0,17 0,30 0,38 0,43 0,46 0,48 0,49

18 | 000 | 0,15 | 028 | 036 | 040 | 043 | 045 | 0,46

20 0,00 0,14 0,26 0,34 0,37 0,40 0,42 0,43

25 | 000 | 013 | 023 | 029 | 033 | 036 | 038 | 039

30 | 0,00 | 011 | 0,19 | 025 | 028 | 031 | 033 | 034

40 | 000 | 009 | 0,15 | 020 | 022 | 024 | 026 | 027

IMpumeuanue. g nepenad, y KOTOPBIX 3HAYECHHA z; U U OTJIIMYAKOTCS OT yKa3aHHBIX B Ta0-
auue, Ko3QPULHEHT X,, NPUHUMAIOT C OKPYIJIEHHEM B OOJIbILIYIO CTOPOHY.

12. Onpenenenue reOMEeTPUUECKUX MTAPaMETPOB MIEPEIAYH:
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BHCIIIHUNA ACIUTEIIbHBIA TUAMETP

d,=myz;d,=m,_z, (2.46)
BHEIITHHUH JHAMETP BEPIIHUH 3yObeB

d,, =d,+2(1+x,)m, coso,;

d,,=d,+2(+x,)m, cosé,, (2.47)
CPEAHUN OKPYKHOM MOIYJIb

m, =m,(1-0,5x,,) (2.48)
CPEIHUN NEITUTENBHBINA IUAMETP

d,=mz:d =mz, (2.49)

SKBUBAJICHTHOE YUCJIO 3yObeB

z,, =z,/¢c0sd,;z,, =z,/cosd, . (2.50)

13. IIpoBepka 3yOuaroi mepegaun Ha KOHTAKTHYIO BBIHOCIMBOCTH TPOWU3BOIUTCS
no opmyiie

K K. .T.
JH:67OOO\/ = Y <o) (2.51)

2 VH

DTy IPOBEPKY BBHIIOJHAIOT TOIBKO B TEX CIydasx, KOrJa MPH IPOpabOTKe KOHCT-
PYKIHH KOJIEC Pa3sMEPHI UX ObLIM U3MEHEHBI [0 CPABHEHUIO C PAHEE MOTYUCHHBIMH.

14. TIposepka 3yGuaroii nepesaud Ha BHIHOCIMBOCTD TIPU M3rUOE MPOBOJMTCS JUIS
3y0ObeB tmectephu (o, <[o, | ) v xoneca (o,., <[, ], )0 0buIei 3aBucHMocTH
_ 2700- K, 'KFﬁ *Vrs

bd,m,v,

P 2.52)

Op

Kosdpdumment K,, BbeiOmparor mo tadm. 2.4 B 3aBUCHMOCTH OT TeX ke (PaKTOPOB,
YTO U Mpu BeIOOPE K, .

Kosddumuenr K, BeiOuparor no Homorpammam (cM. puc. 2.4): cxema I, eciu ono-
pbl Bajia IIECTEPHU BBHITIOJIHEHBl HA IIAPUKOBBIX PAAMAIILHO-YIOPHBIX MOIIIMITHUKAX;

cxeMma 2 - Py POJIMKOBBIX PaaHalIbHO-YIIOPHBIX KOHUYECKHUX MO IIATTHUKAX.
Koaddurmertsr popmbr 3yObeB y,, ONPEACTtOTcs mo Tadil. 2.6 B 3aBUCHMOCTH OT

HKBUBAJICHTHOTO 4Hcia 3yObeB z, W KOd((UIIMEHTA CMEIICHUs HHCTpyMeHTa x,. [loiy-
YEHHBIC 3HAUCHUA y,, CIACHYET YBEIWUUTh HA 20%.
Koaddummenr v, =v,, =0,35.

15. Onpenenenue cui B 3aleJIeHANA, HEOOXOAUMBIX JUIS pacueTa BajiOB U MO IIIHNTI-
HHUKOB:

OKpYy KHas
2:10°-7, 2-10°T.
k= - = 2 (2.53)
dml dmZ

pamuanbHas

F,=F, -1g20°cosS, =F,; (2.54)
oceBasn

F,=F 1g20°sins, = F,,. (2.55)
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Cxema cuJ1, IeHCTBYIOIMMX HA BAJI OT 3y0UaThIX KOJIEC B KOHMYECKOH mepeaade, mo-
Ka3aHa Ha puc. 2.8.

2.8. Ilpumep NpoeKTHOIro pacuera Koco3y00ii HHIHHAPUYECKON nepeaayu

Cxema nepeaauu nokasasa Ha puc. 2.9.

HexonHble naHHbIE 1S pacyera:

PEXKHUM Harpy XeHUH - mepeMeHHbIi (M. puc. 2.1,6):
o, =020, =0,5a,=03;,6=08,5, =06,
CpoK cityx0bI mepenaun L,.=4 rona, x,,,=0
Kom = 0,65

.15,

HauOOJIBIINK BpaIlaomuii MOMEHT, H-M:
Ha 1ecTepHe - 7, =509,

Ha Konece - 1, =1950;

TpeOyeMoe nepesaTouHoe

1

B
ain

oy
YUCIO - u=4. L f 4| — |t Q
4acTOTa BPAIIEHUS, MUH | 3
LIIECTEPHH - 1, =96 e x// A\\'
KoJjieca - n, =24
Marepuan 3yGuareix T T e 1
P ‘ y X
KOJIeC- CTallb: 1. AL y
BUJI TEPMOOOPAOOTKH I n
IECTEPHU — YJIYUIICHUE + a w
3akanka TBY;
Puc. 2.9 Nz Tz
KOJIECA — YJIYULIEHUE. . & ?

[TocnenoBarenbHOCTH pacucTta

Onpenenum TpeOyeMbIH pecypc epeaaun:
L,=8760-L.-K,, K, =8760-4-0,75-0,65=17082 4.
2. JIns M3roTOBJICHUS IIECTEPHU M Kosieca mo Tabi. 2.1 HasHauaeM OJMHAKOBYIO

Mapky cranu, Hanpumep, 40 XH:

H irer = 48 ;_ >3 =505,

200

260 +302
HHBZ = ;

=285,5.

OnpexnensieM 10y CKaeMbIe KOHTAKTHBIC HANPSHKCHHS:
- IpeIeT KOHTAKTHOW BBIHOCIMBOCTH (Tabn.2.2):
Oy =17-H2. +200=17-50,5+200 = 1058,5MIIa ;
Oy =2+ H o +70=2-2855+70 = 641MIIa ;
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K03 UIUEeHT 3amaca TPOYHOCTH
S, =13:8,,=12 (cm. Tabn. 2.2);
K03(PHUITUESHT TOJITOBEYHOCTH

7

Z =6 NH“ml R — =1152;
N 512 10
N, . ]233- 10°

ZNz -6 Hlim?2 - 17105’
NHE2 128 10

rac

Nyms = (10 Hﬁm)Z =(10-50,5) =12,8-107;

N, = Hos =2855° =233-10%;

N, =60-c-n -Lh(af1 +a, -ﬁf +a3ﬁ§):
=60-1-96-17082(0,2+0,5-0,8° +03-0,6* )= 51,2-10°;
Nz, =60-c-n, -Lh(a] +a, ~,6’13 +a3ﬁ23):
=60-1-24-17082(0,2+0,5-0,8 +0,3-0,6°)= 12,8 10°;

- TOMyCKaeMOe KOHTAKTHOE HANPSKEHUE MIECTEPHU U KoJteca 1o opmydie (2.1):
] _ Onim 2R "I 1058,5-0,9-1,02
| = —Himl TR T

o . 21,152 =861M1Ta
S :

o, ], = Seimz ZrZvs - G109 L035, (45 s50pp7
Sis :

= JOIIYCKACMOC€ KOHTAKTHOC HAIIPIKCHUC JIA paCcucTa.
[0, 1=045(c, ] +[o,],)=0,45(861+550) = 635Mlla;

[0, 1=123[c, ], =1,23-550 = 677MITa.

[punumaeM [o, |= 635Mlla.

4. OnpenenseM A0MyCKaeMbIe HAPSHKEHUS H3ruoa:
- IpeeIT BBIHOCTUBOCTH (Tabm. 2.3):
O pimy = 050MIla
O gy = 1,75 H sz =1,75-285,5 = 500MITa |
- K03 PHUITUEHT 3amaca MPOYHOCTH S, =1,7 (Tadmn. 2.3);
- K03(PHUITUEHT AOITOBEUHOCTH
4 10° 4 -10°

Ynm = s VN2 =
NFEI NFEZ

2

Trac

N,y =60-c-n, -Lh(oz1 +ta, - B —|—Ol3,829)=
=60-1-96-17082(0,2+0,5-0,8° +0,3-0,6° ) = 26,6 10°;
N, =60-c-n, -Lh(Ot1 ta, f +a3,6’26):
=60-1-24-17082(0,2+0,5-0,8° +0,3-0,6°) = 8,5-10°;

TaK KaK N, >4-10° U N, >4-10°,T0 y,, = y,, =1;

- LlonycxaeMHe HanpsHkeHus u3ruda mo gopmyiie (2.4)

o] = 1—382M17 o], = 510701—2941\/117

) 2
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5. OnpenensieM NpeaBapuUTENbHOE 3HAUCHUE MEXOCEBOIO PaccTOSHMA 1O popmyite
(2.6):

, [T,
a, = K(u+1) u—i =8(4 +1)3 1ij =198,3mm.

6. YTOUHsIeM 3HAUCHHE MEXOCEBOTO paccTosHus 1o dopmyie (2.7):

a, =K, (u+1); K+7;2,
o T v,

rae K,=410,y,, =0,315 (HECUMMETPHUYHOE PACMOIOKEHHE KOJEC OTHOCUTEIBHO

orop); ko3 uIueHT HAarpy3KH
Ky =Ky Ky Ky, =1,02-1,05-1,6 =171,
rae K, =1,02 u3 Tabnuiel 2.5 npu OKPYKHOH CKOPOCTH
2ma,n, -u  2-314-1983-24-4
T 6-10°(u+1) 600000 +1)
HOoMorpamme (puc. 2.4) mig cxemsl 5 Tipu
W,y = 0,5, (u+1)=0,5-0315u +1)=0,79;
K,, =1+a(n, —5)=1+0,258-5)=175>16;
[Ipuaumaem K, =1,6

f 1,71-1950
a, =410(4+1)3/—2——"— =237.6mm.
v ( )6352-42-0,315

[IpuHMMaeM cTaHAAPTHOE 3HAYEHUE a,, = 250mMm .

=0,4m/c ¥ 8-0lf CTEIIEHH TOYHOCTH, K p = 1,05 1O

7. llluprHa BeH11a 3yOUaThIX KOJIEC:
b, =y,,-a, =0315-250 = 78m;
b, =112-b, =112-78 =87 am.
8. OnpenensaeM HOpMaIbHBIA MOTYJIb 3y0UaThIX KOJIEC:
K, -T(u+1) 1,71-509(4 +1)
L~ = 2600 2—— L
a,bo,], 250-78-294
m_,. = 2ay = 2-250 =5,88mm
17w +1)  17(4+1)
[IpuHMMaeM cTaHAAPTHOE 3HAYEHUE m, = 4um .

m, =K =197 um;

9. CymmapHoe uncio 3yObeB:
2a,, - cos
ZZ =z, +z,= Wiﬂmm

m

n

MuHUMaNTbHBINA YTOJ HAKJIOHA

B, = arcsin— My _ aresin 2> ~10°20' > 8°;
] 78
2-250-0,9838
Ze =——>——=1229.
)2 4
[IpuHrMaem 7y =122,
10. Yncmo 3yObeB MIECTEPHU U KOJeca:
z 122
Zi= 2 22 24,4, IpUHUMAEM z; = 24
u+l 4+1
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2, =y —2 =122-24 =98.

11. YTouHsiem yroa HakJIOHa 3yObEB

L= arccosm — arccos% = arccos0,976; 22° > f=12°34 >8°.

2ay,

12. dakTHyeckoe mepeaaToOuHOE YHCIIO

uy =22=28_408.
z, 24

Otkionenue oT TpedyeMoro
4-408

100 =2% < 4% .

Au:’

13. IIpoBepouHbIi pacyeT Ha KOHTAKTHYIO BEIHOCIUBOCTH 1O (hopmyiie (2.19):
z, |Ky T(u,+1)’ 8400 [1,71-1950(4,08 +1)°
\/ b, ~ 250. 4,08\/ 78
14. TlpoBepouHbIi pacueT Ha BEIHOCIUBOCTH IpH U3ruode mo gopmyiie (2.20):
2000-K, -T-cos 3

B m. bz

Kos¢pduumenr narpyskn K, =K, - K, -K,, =1,04-111-1,6 =185,

rae

K., =1,04 - mo Tabm. 2.5;

K., =111 - o HOMOTpamme (cM. puc. 2.4);

Ky, =K, =16.

Kosddumment, yanutsiBarommii popmy 3yda M KOHIICHTPAIMIO HAMPSHKEHUH, BHIOH-
paercs no Taba. 2.6 npu x =0:

Yesi = f(2,)) =39, Y, = f(2,,) =36,

=6l6Mlla <o, |

or Vis Vg ¥, <loe].

rne
z 24
Zy == F)
cos” #0976
z> 98

=105,4

>

Z = =
"2 cos’ B 0,976°
Koaddunment, yaursiaromnuii HakjaoH 3y6a
B° 12,56
=l-g,—=1-135-2-=0859>0,7,
e 7120 120
rae

b, . 78
g, =——sin f = 0,2175=135.
m 314-4

n b

Kosddumment, yunteiBaromnuii mepekpeiTre 3yObeB
1 1
=—=—=0,59%,
- £ 1,67

[2

rac

g, =|188-32 i+i cos ff = 1,88—3,2[L+LJ 0,976 =1,67.
ZI 24 98
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~2000-1,85-509-0,976

O T 3,9-0,859-0,599 = 110MMTa <[o ] ;
o = 2000- 1’255 1950-0,976 3,6-0,859-0,599 =107Mlla < [o, ], .
4%.78.98 :

15. Onpenenenre reOMETPUUCCKUX PA3MEPOB TIEPEIAYH:

KO3 DULIHEHT CMEIICHUS HHCTPYMEHTA X, =X, =0

JUAMETPBI ACTTUTENBHBIX OKPYKHOCTEH:

g = _ 424

cosf 0,976

_mz, 4.98

> cosfB W

IIposepka: d, +d, =2a,, =9836+401,64 = 500mm

JTUAMETPHI OKPYKHOCTEH BEPIIIMH U BIAIUH 3y ObEB:

d,=d +2m, =9836+2-4=10636mu;

d, =d —25m,=9836-25 4=8836mm;

d,=d,+2m =401,64+2-4=409,64mum;

d;,=d,—2,5m,=401,64-2,5-4=39164mm.

16. Cubl, AeHCTBYIOIIKME HA BAJIBI OT 3y0UaThIX KOJIEC:

OKpY>KHas cuia
~2000-7; 2000509

=98,36mm ;

d =401,64mm .

F, = = 10350H ;
d 98,36

paauanbHast CUIIa
1g20° 0,364

F =F %2 103502222 = 3860H ;
cos 3 0,976

OCCBadA CHJIa
F,=Figp= 103501g12,56° =10350-0,2229 = 2307H .

2.9. Ilpumep NpoeKTHOTO pacyeTa NMpsiMo3y0oii
KOHHYECKOH nepexayu

Cxema nepenaum nokaszana Ha puc. 2.10.

]
-1

907 ]

—

N Puc. 2.10

Hcxonnbie naHHbIE:

onopa Bajia IECTEPHU — POJMKONOAIIUINTHUKN KOHHYECKHE,
HauOOJNBIIINKA BpaIaroIuit MoMeHT, H.m:

Ha 1ecTepHe - 7, =150,
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Ha KoJjece - 1, =509,
TpedyemMoe nmepeaTOuHOe YUCHO - u = 3,55
4acTOoTa BPAIlCHUS, MUH .
IIECTEPHU - 1, =341;
KoJieca - n, =96,
Marepuaj Kojec ¥ TepMooOpadoTka — cM. mpumMep pasi. 2.8;
nonyckaemble HanpsokeHus, Ml la:
KOHTAKTHBIC - [0' H] =503,
wsruba - [0, ] =450,
[o.], =302.

IlocnenoBaTenbHOCTD pacucra

1. OnpenensieM OPUEHTUPOBOYHOE 3HAYCHWE BHEIIHETO NEIMTEIBHOTO THAMETPA
KoJjieca 1o gopmyiie (2.38):

, T .
d, = |2t = 95,290 335 _ 351,
v, 0,85

2. OpHEeHTUPOBOYHOE 3HAYCHWE CPEAHEH OKPYXHOCTH CKOPOCTH 10 hopMmylie

(2.39):
.0857-d.. - . . .
VVL _ -0, 4& n, _ 3,14-0,857 4321 96 S,
6-10 6-10

3. Haznauaewm 8-10 cTeneHb TOUHOCTH U3TOTOBJIEHUS KOJIEC, T. K. V, <8um/c.

4. OnpenensieM NPeABAPUTEIBHOE 3HAUCHHWE BHEIIHETO JEIHTEIBHOTO TUAMETPa
koJteca 1o ¢opmyie (2.40):
\ K, K, -T u
d, _16503\/ L
o Frs
rae Ky, =1,08 u3 1abn.2.5 nna 9-# crenenu TouHOCTH MpU V =138M/c; K, =1.18

1o Homorpamme (puc.2.4) s cxemsl 2 IpH

w,, = 0166u’ +1= 0.166+/3,552 +1 = 0,6;

,‘ 1,08 -118 -509-3,55
d., =1650; _ = 368,74 MM.
503%-0,85

5. Uucno 3y0beB IIECTEPHHU:
d, 36874
u

Z, =17 npu d, = =103,87 MM (cMm. puc. 2.6);

Z, =13-Z,=13-17=22]1 (em. . 5 B pa3a. 2.7).
[Ipunumaem Z, =22.

Uwmcno 3yObeB kojieca Z, = Z, -u=22-3,55=78]1.

[Ipunumaem Z, =78.

6. [lepenatounoe umciio nepenavu.
L T8 _3as
Z, 22
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7. OnpeaensieM yribl JeIUTEIbHBIX KOHYCOB:

VA 22
IIECTEPHHU J, = arcng—1 = arclg% = arctg0,282 =15,75";

2
KoJjieca &, =90° -5, =90-15,75 = 74,25".
8. BaemHu#i okpy XKHONW MOTYJIb:
_d,, 36874
e — Z_2 E—
9. BHellHee KOHYCHOE pacCTOsTHUE:
R = "; JZi+z2 = 4’72274 227 +78% =191,562 MM.

10. lupunHa 3yOuaThIX BEHIIOB KOJIEC!
b=b =b, =0285R, =0,285-191,562 = 54,6 MM.
[IpuHumaem b =55 mm.

11. Tlo ta6n. 2.7 onpenensieM KOI(PPHIMEHT CMEIICHHUS MHCTPYMEHTA JUIS IIECTEP-
HU OpH Z, =22 v u =355, x, =0,38;

=47274 MM.

JUis KoJeca x,, = —x,, =—0,38.
12. OnpenensieM reoMeTpUUECKUE Pa3MEPhl IEPEAAUU:
BHEIHUN JCIUTEIIbHBINA THAMETP
LWIECTEPHU d,, =m, z, = 4,7274-22 =104 MM,
Kojeca d,, =m,z, =4,7274-78 = 368,74 MM,
BHEIIHUI AaMeTp 3yObeB
mectepru d,, =d,, +2(1+x, )m, cosS, =104 +2(1+0,38)-4,7274-0,9624 = 116,56 MM;
KoJjeca
d,, =d,+2(+x,)m, cosd, =36874+2(1-038)4,7274-0,2714 = 370,33 MM;
CpeHUM OKPYXKHOU Moaynb m, =m,(1-0,5K,,) =4,7274(1-0,5-0,285) = 4,0537 MM,
CPEHUAN NEIIUTENbHBINA JUaMETP
IIECTEPHH d,, =m,, -z, = 4,0537-22 =89,18 MM,
koneca d,, =m,, -z, =4,0537-78 = 316,19 MM.
13. BrinonHsieM NpOBEPOUHbBIE PACUETHI:
a) Ha KOHTAaKTHYIO BEIHOCIUBOCTH 10 hopmyie (2.51)
o - 67000\/KHV Ky Tyt 67OOO\/l,os-l,ls-§o9-3,545 I
3 vy 368,14° - 0,85
0) Ha BBIHOCIMBOCTH MpH u3THOE 10 hopmye (2.52)
_2700- Ky Ky s T _ o],

b-d,m,y,

Op

rae K,, =12 u3 1abn. 2.5; K,, =135 1mo HOMOrpamme (CM. puc. 2.4) 1 cxemsl 2
npu y,, =0,6.

Koaddummentsi, yuntsiBatomue dopmy 3yda, onpenenstores mo Tadn. 2.6 ¢ mpu-
MEHEHUEM UHTEPIOJISAIHH:

IECTEPHU:
z 22
ZVl

cosd, 0,9624
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npu z=204" x, ~0,38 y, =3,5;0ph z=25 4 x,, ~0,38 y, =3,48;
AV = Yp(ema0y = Vr(emasy) = 3,0 —3,48=0,02,Az =25-20=5
Ay, -3 :
Ve 3, 5_0,02 3

YEsiz=23) = Vrz=20) — Az >

=3,488;
KoJseca

iz 78
" Cosé, 02714
[Tpuaumaem (cMm. 1. 14 B pazna. 2.7)
Ves1 = 1,2:3,488 =419
Visa = 1,2-3,665=4.4;
2700-K, Ky Vs -, 2700-1,2-1,45-4,19-150

z

=287, Vs, = 3,665 TIPH x,, = —0,38..

v

Om = =128MTla < [o-F ]1 :
bd, -my, 55-104-4,7274-0,85
2700-K .., -K .., - a7 12-135.4.4.
Op, = ild e = 2700-1,2-1,35-4,4- 509 =129M1la < [UF ]2.
b-d,, -my, 55.368,74-4,7274-0,85

14. OnpenensieMm CHITbI, ASHCTBYIOITHE HA BAJIbl OT 3y0UaThIX KOJIEC:

OKpY>KHasi CHJIa

2000-7;  2000-150
d. 8918

paguaibHas CHIa OT IMIECTEPHA

F., =F,-1g20° cos §, =3364-0,364-0,9624 =1179H = F, ;

0CeBast CHJIA OT HIECTEPHU

F, = Fig20°sin &, = 3364-0,364-0,2714 =332H = F, .

E:

=3364H = F, ;

ml

3. IIpoekTHBII pacyeT HA MPOYHOCTH YePBIYHBIX
LMJIMHAPHYECKHX Nepeaay

[leapt0 TIPOEKTHOTO pacueTa SBISAETCS OMPEAEICHHE TEOMETPUUYECKUX Pa3MEpOB
nepenayr, 00ecneunBaoIMX €€ padoTOCHOCOOHOCTh U HAJIEKHOCTh TIPH 33/IaHHBIX YCJIO-
BHSIX SKCIUTyaTallMH W 33JTAaHHOM pecypce.

3.1. MaTtepuaJbl 1 10MyCKaeMble HANPSI?KEHUS IS YePBIYHBIX Mepeaay

UepBsk 1 KOJECO JOKHBI 00pa30BhIBATh aHTU(PUKIIMOHHYIO Mapy, 001a1aTh BbI-
COKOW MNPOYHOCTHIO, M3HOCOCTOMKOCTBIO, COMPOTHUBIIIEMOCTBIO 3aCMaHUI0 W XOPOIICH
pupadbaThIBAEMOCTHIO BBHTY 3HAUUTEIBLHBIX CKOPOCTEH CKOJIBKCHUS B 3AICTUICHHH.

Haumenbiiass MHTEHCUBHOCTh W3HAIIMBAHUS B YEPBAYHON Mape oOecneyuBaeTCs
MPH BBICOKOM TBEPJIOCTH YEPBsKA, BUTKA KOTOPOT'O MUMEIOT NUTH(OBAHHBIC M IMOJIUPOBAH-
HbIe paboYyhe MOBEPXHOCTH. B cHiIOBBIX mepeaaudax (MOIHOCTH ¢B. 1 kBT), Hammydmnyto
CTOMKOCTH Tiepeaad 00eCTICUnBAIOT YEPBAKH U3 MIEMEHTYEMbIX cTayiei. Hare Bcero mpu-
Mensor cramu 18XI'T, 20X, 12XH3A, 15X®, umeronme mnocie 3akajlku TBEPAOCTb
56...63 HPC,. Ilpumenstorces takxe uepBaku u3 craneit 40X, 40X11, 35XI'CA ¢ oObem-
HOM wiM noBepxHOoCcTHOM 3akankoid TBY mo tBepmoctu 45... 55 HRC,. I1pu 3TOM uepBsaku
ClIelyeT NenaTh 3BOJBBEHTHBIMU, T. K. TIOCE TEPMOOOPaOOTKH WX HEOOXoauMo mutmudo-
BaTh (MUTH(OBAaHNE OCYIIECTBIAETCS MIOCKOW CTOPOHON NMUTH(OBATHHOTO KPyTa).
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ApXHMEIOBbl M KOHBOJIIOTHBIE YEPBSKM OOBIYHO HW3TOTOBJISIIOT W3 TEPMHYECKH
ynydmaembix craneit (35, 45, 50) ¢ tBepaocteio moBepxHoctn MeHee 350 HB, He numm-
¢dyrot. Takne yepBAKM TPUMEHSAIOT BO BCIIOMOTATEIBHBIX, THXOXOHBIX MEpeaadax Majlou
motHocTH (10 1 kBT).

VY noBneTBopeHne TpeOOBAHUI K UEPBAYHBIM IMEpeaadaM OCYILECTBIISIFOT B OCHOB-
HOM NOA00pOM MaTepuaja BEHL@ 4YepBAYHOro Kojeca. [Ipm CKOPOCTAX CKOJBKEHUS
V,>4m/c WCHONB3YIOTCA OpPOH3BI M JIATYHH PA3TUYHBIX MapOK. YUHTHIBAsA BBICOKYIO

CTOMMOCTh 3THX MAaTEPHaJIOB, YEPBAYHBIC KOJIECA BBIMOIHIIOT LEIbHBIMH, €CIIA UX TUa-
metp He mpesbimaet 100...120 MM, komeca OosbIero auamerpa - OaHIaKHPOBAHHBIMH:
LEHTP - U3 CEPOT0 UyTryHa WU U3 CTalu, 3y0UaThlil BEHell - U3 OPOH3BI.

[Ipu V. <2m/c yepBIYHBIE KOJIECA U3TOTOBISIOT M3 ceporo uyryna CU15, CU18 (B

JAHHOM TTOCOOWHM HE PacCMaTPHUBAIOTCS) B MApe ¢ TEPMHUUCCKH YJIYUIIEHHBIMHA HJIH HOP-
MaJIM30BaHHBIMH YEPBSIKAMH.

Marepuansl Uisi YE€pPBAYHBIX KoOJieC W (POPMYJIBI Ul OMPENEICHHUA IOy CKaeMbIX
HarnpsH>KeHUH mpuBeaeHsbl B Ta0. 3.1.

Tak kak BRIOOp MaTepHaja A KOJIEC CBSI3aH CO CKOPOCTBIO CKOJIBXKEHUS, TO TIPE/I-
BAPHUTEJILHO ONPEACISIOT 0KAAEMOE €€ 3HAUEHHE, M/C:

pz“lf)”ﬁ 3.1)
e 7, - 9aCTOTA BPALICHAS YEPBSIKA, MAH

; T, - BpalarOIUi MOMEHT Ha BaJly KO-
neca, HoM.
B dopmynax mis onmpeaesieHHs IONyCKaeMbIX HampsbkeHui: C, - kod(hduimeHt,

yLII/ITBIBaIOH_II/Iﬁ HUHTCHCUBHOCTb HW3HAIIMBAHHA MaTCpHaia. Ero IOPUHUMAIOT B 3aBUCHUMO-
CTH OT CKOPOCTH CKOJILXKCHHA!

Ve <1 2 3 4 5 6 7 >8

C, 133 121 |L11 |1,02 |095 |0.88 |083 |08

Tabnmma 3.1
3 Jlonyckaemble HaNpsKEHUA
QE t =) Konraktrsie [0, ], | Usruba
8 E ; Mlla [O-F]o
<= % |5 é Ueppak | Ueppsax | MIla
% g % = 2 [IEMEeH- | 3aKaJieH
Marepuan =S| oz |8 = 2 TOBaH- | [IPH Ha-
5| B = 3 T ool f w HEIit rpese
2152|858 S |85 |HRC, |TBY
°S|l284286% |8 |[%6.63 |HRG
O|l~sS i1Eab |E b 45 55
Bp OH® |35 |29 170 © o v o=
bp 010D1 K |25 275 200 SR 0 G 9
3 245 140 2 E RN
Bp Cy7H2 |25 |180 90 S % SN
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Bp 06116C3 K [12 200 90
3 175 90 ,
Bp 05L15C5 K [12 210 100 g
3 150 90 =3
Bp 04114C7 K |10 |145 90 < H
L =
|7 500 200 _ .
Bp A9XK4 K 500 200 & e
3 400 200 Vi v
Bp K |5 550 200 N N
ALOK3Ml,5 |3 450 200 & &
Bp A10K4H4 |11 |5 700 460 = i«
K 650 430 < a
JIR8M2C2  |[K |4 300 140 _ B
3 250 140 e L
JILI36M;202C2 |K |4 320 180 i v
3 300 180 N N
JILR3A6K3M 2 |1 |4 700 240 & &
K 650 240 e =
3 600 240 < <

Ipumeuanus: 1. Cnocob omnmku: Ll — nenrpodexusrit, K — B xokunp;, 3 — B 3emmto (mmpu
E€IUHUYHOM TIPOHU3BOJICTBE).
2. B Tabnune mpuBeneHE 3HAYEHUsI O, U O, , MPUHUMAEMbIe TPHU BBIOJIHEHHUH KyPCOBOTO
npoekra. Paxrrueckre 3HaAYECHHsT KX MOTYT H3MEHSIThCSI B INHPOKUX IIpeenax.
K U K - KOA(UITHMEHTH! JONTOBEUYHOCTH:

7 06
Ky :%’ 10 > Ky :%’ 1 > (32)
N i N gy

rae N, Ny, - SKBHBAICHTHOE YHCIIO LUKIJIOB HArpy)XeHHs 3yda Koseca (CM. puc.
2.1,0)

N, =60n,L, (o, +a, B + o, 5 +..) <25-107, (3.3)
rae n, - 4acToTa BpaIEHU YEPBAYHOTO KOJIECA, MUH _1; L, - TpeOyeMblit pecypc

nepenaun, u(cm. ¢. 28). Ecim pecypc mepenauu B 3aJaHAN HE YKa3aH, TO CIIEAYeT MPHHU-
Marb L, = 20000y .

Ecnu N,,, >25-107, TO €ro MPUHAMAIOT PAaBHBIM 25-107.
Ny =60n, L, (0t, + o, B+, By +..) (3.4)
Ecin N, <10°, T0 ero npuanMarot pasusiv /0°, ecnn N, >25-107, TO paBHEIM
25-107.
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3.2. IIpoexkTHBIIi pacyeT HA MPOYHOCTD 3AKPBITHIX HIJIHHAPUYECKUX YePBSYHBIX Ie-

peaay peayKTopoB

Brixon u3 cTpost uepBAUHON Mepeaayyn CBsi3aH ¢ MOBPEKACHUEM KoJieca. Yare Bce-
ro HaOmoaaeTca U3HOC U 3aefaHue 3yobeB. s nmpeaynpexaeHus 3aeanust HeoO0X0auMo
OTPAHWUYWBATH BEJTUYMHY KOHTAKTHBIX HAMPSIKEHWH, KOTOPBIC BIWAIOT W HA WHTCHCHB-
HOCTh n3HOca. [losTOMY ompeneneHne reoOMeTpUUECKUX Pa3MEPOB MepPeaaul BEIETC pac-
YETOM IO KOHTAKTHBIM HampspkeHusM. PacueT no HampspkeHnsaM u3ruda 3yoa kojeca mpo-
BOJMTCA KaK MPOBEPOUYHBIH.

Wcxoanble faHHble (TOTyUeHbl TIPH KUHEMATHUECKOM PacueTe):
7, - BpallAlOLIUi MOMEHT Ha Bajly ueppsaka, H.M;

7, - BpalarOIIMii MOMEHT Ha Bajly Koseca, H.M;

u - IepeaTOuHOE UHCTIO;

n, 9aCTOTA BPAIICHAS YEPBAKA, MHH |

n, - 4ACTOTA BPALICHHMS KOJIECa, MAH |

[o,,] - nonyckaemoe konTakTHOE Hanpsxenue, Ml a;

[0, ]- nonyckaemoe Hanpsbkenue u3ruda, MIla.

UeppauHas MUIMHAPUUECKAsA TIepeaada nokasana Ha puc. 3.1.

&

T I

h; %i 1T ] }

! | ‘

a.
(=47
dloa
awe

b

L&

Pue. 3.1

ITocnenoBatenbHOCTH pacuéra.
1. Onpenenenne yucia BUTKOB YEPBSKA: MO CTAHAAPTY z; =1,2,4. 3HaUeHUE z, IS

YCPBAYHBIX PCAYKTOPOB PCKOMCHAYCTCA NPHHHUMATh B 3aBUCHUMOCTH OT IICPCAATOYHOIO
qyucia u:

u | 8...15 16...30 >30
z | 1 2 1
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2. OnpeneneHue yucen 3yObeB UePBAIHOTO Kojeca:
Z,=2z U
B cmnoBeIx mepenavax z,,;, = 26..28, ONTUMaJIbHOE 3HAUCHUE z, =32..63 (HE Oonee
80).
3. OnpeneneHue NpeaBapUTEILHOTO 3HAYCHHUS MEKOCEBOTO PACCTOSTHUS a,,, MM:

/K' Es
a, =610; [Of ]22, (3.5)

rae K'ﬁ = O,S(Kg, +1)- MPeIBAPUTEIILHOS 3HaUeHHE KOA(UITMEHTa KOHIICHTPAIlMH Harpys3-

ku; K - TeopeTnueckuii ko>(QUIMEHT KOHIEHTpauy Harpy3ku. [Ipu nmepemeHHOM pe-

Xume Harpyxenwus (cMm. puc. 2.1, 6) onpenensercs no rpadukam puc. 3.2, Ipu MOCTOSH-
HOM peXuMe HarpyskeHns (puc. 2.1, a) Kj =1

K/é Puc. 3.2
25 {4
f,20 k\

115 \ \ Z=2
110 \ \ Z¢<1
105 [

8 10 20 30 49 S0 60 U

[TonydeHHOE 3HAUYE€HHME a, OKPYIJIAIOT A0 Omwxkaiiirer Benwumubl o ['OCT 2144-

76:
-1 pan — 40, 50, 63, 80, 100, 125, 160, 200, 250, 315, 400, 500;
2-ii pam — 45, 56, 71,90, 112, 140, 180, 224, 280, 355, 450.
®opmyna (3.5) cnpaBemnuBa npu Ko3pUIMEHTE AMaMETpa YepBika ¢ = 0,257, .
3HaueHUe ¢ OKPYIJIAIOT 10 OnFkaiIiero crangaptHoro (tadm. 3.2).
OceBoii MOIyJIb, MM, m =2 (3.6)
Z,tq
[TonmyyeHHOe 3HAUCHHE MOYJISI OKPYTIISIOT 0 OJFMIKAMIIEro CTaHAapTHOTO (CM.
tabm. 3.2).Tabnuma 3.2

m q m q
2,0;2.5;3,15; 8,0;10;11,2; 5,0 12,0
4,0;5,0;6,3;8,0; | 12,5;14,0;16,0; 6.0 9.0: 10,0
10,0; 12,5 20,0
2,0;2,5 12,0 7,0 12,0
3,0 10,0; 12,0 16,0 8,0:9,0; 10,0;
12,5;16,0; 20,0
3,5 10,0 20,0 8,0;9,0; 10,0;
12,5; 16,0
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HpHMeanHe, HpI/IBeILeHHbIM COUCTAHUAM M U ¢ COOTBETCTBYIOT 3HAYUCHUSA YUCEIT
BUTKOB 4epBsika z; =1,24.

B nensx yMeHbIEHHS HOMEHKIIATYPHI 3y0000padaThiBArOIEro HHCTPYMEHTA
HE0OX0AUMO COOIOATh COUCTAHUS m,q U z,, IPUBEICHHBIC B Ta0I. 3.2.

JIns coxpaHEHHsI MPUHATOTO 3HAYCHHSI a,, TIPH BHIOPAHHBIX ¢ M m Tepeaaud
BBITIOJTHSIIOTCS CO CMEIIICHUEM.
Koaddumment cmenienns
a, q +z,

W

X =

, (3.7)
m 2
Ecmu x <-1 unm x > 1, TO BappUpys 3HAUCHUS ¢ WIK z, (B peaenax 1-2 3y0a, uro-
Obl OTKJIOHEHHWE u OBUIO B MpeAenax +4% ), HaJlo MOBTOPUTH PACUET 0 MOJyUYCHUS
—1<x <1 (ydme —0,7 < x> 0,7 TO YCJIOBHIO HETIOAPE3aHU U HE3a0CTPEHUS 3y Ob-
eB). [Ipn HEOOXOAMMOCTH YMEHBIIICHUS ¢ CJIEAYET YUYUTHIBATh, YTO MUHUMAJIBHO
JIOTIIyCTUMO€E 3HAYECHHUE U3 YCJIOBUS KECTKOCTH Bajia yepBsAKa g = 0,212z,.

OnpeneneHue yrioB MoAbEMa BUTKOB UEPBAKA:

Z
Ha JICTTUTEIIBHOM AUAMETPE y = arctg —; (3.8)
q
Zl
HA HAYATBHOM JUAMETPE y,, = arclg (3.9)
q+2x

B nepenavax 6e3 cMemmenus (x=0) y =y, .

YTouHEeHHE PacUETHHIX MAPaAMETPOB U PAa3MEPOB YEPBIUHON TIEPEIaYH My TEM MTPOBE-
POYHOI0 pacyeTa €€ Ha MPOYHOCTh MPOU3BOJAT B CIEAYIOLIEM TOPSIKE:
Koadpdurment narpysku

Ky, =K, Ky, (3.10)
KoaddunpeHT koHIIeHTpalik Harpy3Ku
KHﬁzlJ{%j (1-X), (3.11)

rae 6 - koapdunuent neopmarn uepsska (tadn. 3.3); X - kodpdunnenr, yuu-
THIBAIOIITUH BIUSHHUE PSKAMA padOTHI Iepeaaun Ha mpupadboTKy 3yObeB Kojeca U
BHTKOB UEPBsKa.

IIpy MOCTOAHHOM PEXKUME HArPyKEHUA X =1, K, =1.

[Ipu nepeMeHHOM peKUME HArpy KEHUA

Ttn,,
x-4i 2Tt WM TIOCJIE TIPE0OPa30BaHKs
T Zt,.n%
X=a, +a,p +a,B, + .., (3.12)

rae 7.t,,n, - BpallalOIAe MOMEHTHI B CIIEKTPE HATPY3KH MEPEIAUH, COOTBETCTBYIO-
[I1E€ UM BPEMEHA PabOThl U YACTOTHI BPALLICHUA.
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Tabnuma 3.3

Z, Koapdpumment nedopmaru 4 npu ko3 dunmeHTe rpameTpa
YyepBsKa ¢
8 9 10 | 11,2 | 12 | 125 | 14 16 20
1 72 89 108 | 127 | 147 | 154 | 176 | 225 | 248
2 57 71 86 102 | 118 | 121 | 140 | 171 | 197
4 47 58 70 82 95 98 122 | 137 | 157

Kosddunment nuaamMudeckoi Harpy3ku K, BBIOMpaeTcs B 3aBUCUMOCTH OT CTe-

TIEHW TOYHOCTH M OKPYKHON CKOPOCTH KoJsieca 1o Tabir. 2.5 misi MWTHHAPHIECKIX
KOCO3yOBIX Mepeaad ¢ TBEPAOCThIO 3yObeB HB <350 TOM e CTETICHH TOYHOCTH (CM.

tabm. 2.4).
Oxpy>KHast CKOPOCTh UYEPBSYHOTO KOJieca, M/C,
x-m-z,-n
y,=——22 3.13
? 60000 (3.13)
Opr>KHa$[ CKOPOCTh HA HAYAJIbHOM AHAMCTPC YCPBIAKA, M/ C:
. +2
= mmla 2 (3.14)
60000
CKOpOCTh CKOJTBKCHHS B 3aICTUICHUH, M/C:
v, =S (3.15)
cosy,,

C YUY€TOM BHOBb IIOJTYUCHHOI'O 3HAYCHU A VC YTOUHAIOT AOITY CKACMOC HAIIPSAKCHUC

[o,,] (em. Tabn. 3.1).
PacueTHOE KOHTAKTHOE HAMPSKEHUE

3
:5300(q+2x)\/{zz+q+2x} .7, <o, ] (3.16)

z> a, (q + 2x) e .

Ecnu pacueTHoe HanpspkeHUe He MPeBbIIaeT AonyckaeMoe 0osiee ueM Ha
5%, TO paHee MPUHATHIE TAPAMETPHI Nepeaaun MPUHUMAIOT 32 OKOHYATeIbHbIe. B
MIPOTUBHOM CJIy4ae, N3MEHUB MapaMeTphl, TOBTOPUTH pacyeT. Eciu pacueTHoe Ha-
MpsDKEHUE MEHbIle gomyckaemoro Ha 20% u 6osee, TO HaJ0 NPOBEPUTH BO3MOXK-
HOCTb YMEHBIICHHS pPa3MePOB nepeaadn. [y 3Toro cienyer NOBTOPUTh PacyeT,
MIPUHSB MEHBIIIEE MEXKOCEBOE PACCTOSHHE.

Onpenenenne reOMETpPUUECKUX Pa3MEPOB YEPBAYHOMN Nepeaadn:

H

Yepssk.
[TapameTpsl uepBsaKa B Tiepeaye cO CMEMICHUEM U 0€3 HEro OCTAtOTCSI HEM3MEHHBI-
MU, 32 UCKJIFOUCHHUEM JIJTMHBI Hape3aHHOW yacTu. Kpome Toro, u3MeHseTca oauH
pacyeTHBIN MapaMeTp, He MPOCTABJIAEMBIN Ha pabOUrX YepTEKax, - TMaMeTp Ha-
YaJIbHOTO IWJIMHAPA.
JlenuTenbHbIN AUaMeTp d, =mq,

HauanbHbiii quametp d,, = m(q +2x);
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JuaMeTp BEPILIUH BUTKOB d , =d, +2m;
JlnameTp BaJuH BUTKOB d ,, =d, —2h,m,
rae h; =12, KpOM€ SBOJIbBEHTHBIX YEPBAKOB, I KOTOPBIX h; =1+0,2cosy ;

JUTMHY Hape3aHHOM YacTh YepBAKa b, ¢ yU4ETOM MOCIAEIHUX HcciienoBanuii [21] pe-
KOMEHYETCS OTMPEAETATh 10 (hopMyIie:
b, =(10+59

rze |x| - abcomoTHas BenuunHa KO3(UIHUEHTA CMEIICHNS;

x|+zl)m—c,

npa x<0 ¢=0;
_ (70+60x)m

V4

opu x>0 ¢
2

8.2. UepBsAuHOE KOIECO
VY 4depBAYHOrO KOJECa, HAPE3AHHOTO CO CMEIIEHWEM HHCTPYMEHTA, BCE Pa3MEPBI,

KpOMe TuaMeTpa HAavYaJbHOW (ACTUTEIIbHOMN) OKPYKHOCTH, OTJIMYHBI OT Pa3MepoB KoJeca,
Hape3aHHOTo 0e3 CMEIEHNUA UHCTPYMEHTA.

JlnameTp HauabHOM (JICTUTEIILHOM) OKPYKHOCTH
d, =mz,;
JTaMETP OKPYXHOCTH BEPIIHH 3yObeB B CPESIHEM CCUCHUH:
d,=d,+2(1+x)m;
JTAaMETP HauOOIbITHH
6m

d,, <d,-+ it
z,+2

aM, —

JIMAMETP OKPYXKHOCTH BITAIH
d, =d,-2mlh —x);
IIMpPUHA BEHLIA
b, =y ,ay,
rae v, =0355npu z, =1u2; v, =0,315 npu z, =4.
9. Onpenenenne HaNPsHKEHUH W3rubda B 3yObsSX YEPBIYHOTO KOjleca
o, IR L )

rae K, =K, - kod(bpUIHeHT HArpy3K; y, - koodduimeHT hopmbl 3yGa 1t uep-

(3.17)

BAYHOI'O KOJICCA, OHpCZ[eHHeMBIﬁ B 3aBUCUMOCTH OT 3KBUBAJICHTHOI'O YHCJIa SY6BGB KOJICCa

V4

14 = 3
cos” ¥y,

z
2

o tadi. 3.4.

Ecmn MoJIy4yacTcsa o, > [O'F], TO CJICAYCT, YBCIIMYHUB MOAYJIb m W OCTAJIbHBIC pa3Mc-

PBI Iepelauu, IPOBECTU MOBTOPHBIHN €€ pacyer.

10. Ompenenenne korhUIMEHTA TTOJIE3HOTO ISHCTBHS YEPBAYHOMN MEpeaaun, yau-

TBIBAIOMICTO MMOTCPH HA TPCHUC B 3alCIIJICHHUNA

Tabmuna 3.4
Zy Yr Zy Yr Zy Yr Zy Yr
20 1,98 30 1,76 40 1,55 80 1,34
24 1,88 32 1,71 45 1,48 100 1,30
26 1,85 35 1,64 50 1,45 150 1,27
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|28 11,80  [37 | 1,61 | 60 1,40 ]300 1124 |

gy
"8G ) G18)
rae ¢ = f(V,) - yron tpenus (tabn. 3.5).
Tabmuua 3.5
Ve, ..0511,0 1,5 2,0 2,5 3.0 4.0 7,0 10,0 | 15,0
M/c

39100 12930° [2%0° [2%0° [1%0 [1°30° [1%20 |[1°%0 |[0°55 |0%50
? 320" [3°10° [2%0° [2°30° [2%0 [2%0 |[1°0 |[1°30° [1%0 |1°10

Ilpumeuanue. MeHbllee 3HaYEHUE @ B JAHHOM IHMANa3OHE IS OJIOBSHHON OpOH3bI, 0OJb-

mree - 1151 O€30JI0BSIHHOM OPOH3BI U JIATY HH.

11. Yepssiunyto nepeaauy B cBs3u ¢ HeBbicOkuM KII/l 1 GonbminM BeIIETICHUEM Te-
TUJIOTHI IPOBEPSIIOT HA HarpeB. Temmeparypa Harpesa Macha:

a) peayKTop 06€3 UCKYCCTBEHHOTO OXJIAXKIACHUS

10007, (1 -
o = 2000RAZ g (| ]=0s0c, (3.19)
K, AL+ )
rae P, - MOIIHOCTh Ha Baly 4epBska, kBT, x, = 12...18 - koaddumenT remnooraa-
B ,
m ’:1‘.0 (OompIMe 3HAYEHHA TPH XOPOUIMX YCIOBHAX I[HMPKYJIALMH BO3AyXa);

A=20-a} - obuas MOBEPXHOCTh OXJIAXKICHHSA KOPIyCa, M, @, - MEKOCEBOE PACCTOS-
wue, M; y = 0,25...0,3 - k03pPUIMEHT, YUUTHIBAIOIINN OTBOJ TEIUIOTHI OT KOpIyca pe-
QYKTOpa B METAUIMYECKYIO pamMy wWiu Tunty. [Ipu ycraHOBKe peaykropa Ha OETOHHOM
win kupnuaHoM pyHaamente y =0.
0) peayKTOp ¢ UCKYCCTBEHHBIM OXJIAKACHUEM C MIOMOIIBIO BEHTHIIATOPA
PR L k) R I | (3.20)
[, (0,6 +y)+0,4x,, ]4
rae «,, - KO3(pPHIMEHT TeMTO0TAauH YacTH MOBEPXHOCTH KOpITyca peayKropa, 00-

JyBaeMO# BEeHTHWIISTOpOM (Tabdi. 3.6).
Tabnuma 3.6
YacToTa BpALICHHS 7,, MAH 750 1000 1500 3000

x,, Br/m® °C 24 29 35 50

Ecnmu oxnakaeHue BEHTHISTOPOM HENOCTATOUYHO S(DPEKTHBHO, TO CIIEAYET MPUME-
HUTH BOJSAHOE OXJIAXKIECHUE WIH YBEIUUYNUTDH Pa3MEPBI PELYKTOPA.

12. OnpeneneHue CUIl B 3alCTUICHUU:

OKpY’KHas CHJIa Ha KOJIECE, paBHAs OCEBOH cuite Ha uepsske, H:

20007
FzzzFalz 2; (321)
d,
OKpY’ KHasl CHJIa Ha YEPBSKE, PaBHAs OCEBOM CHJIE HA KOJIECE
20007
F,=F,= L=F,ig(y, +9); (3.22)

w1
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paaualibHas CUJla, pa3BUTaroIIas YepBsK U KOJECco,

F. =F, -tga=F, 1g20°. (3.23)

Cxema cun, JOCUCTBYIOIIMX HA Bajlbl  YEPBAYHOMU
nepenayu, noka3aHa Ha puc. 3.3.

3.3 Ilpumep mMpPOEKTHOTO pacueTa YePBAYHON epeaaun

HcxonHbie maHHbIE:
1, =50H-m; T, =310,6H -m; u=8; n, =1455mun""; n, =182mun""';

PEeKUM HaArpy>KeHus — TNEPEeMEHHBbIM, «, =0.2;«a, =05, =03, S, =08,3,=06;
L, =10118x;

YEPBSK — 3BOJIbBEHTHBIN, cTanb 20X, HRC; 56...63.

Pacuer

[Ipn u =8 4MCI0 BUTKOB YEpPBAKA z, = 4.
Uwucno 3yObeB 4epBAYHOIO KoJieca z, =u-z, =8-4 =32,

Bri6op marepuarna 4epBsIHOTO Kojieca
OsknaeMoe 3HaYEHNE CKOPOCTH CKOJTbKEHHUS

45-n 45-1455
Ve =25 L2 /T, :T%/310,6 =4,43m/c.

[To Tabmuue 3.1 npuaumaem 6ponsy bP A100K4H4 (nuthe B KOKWIb ),
o, =650MIla,c, = 430MIla .

4. OnpeneneHue AOMyCKAaeMbIX HANPSHKEHUH

[0, ]=300-25V, =300-25-4,43 = 189MIla

[0, 1= (0,250, + 0,085, )3/10° / N 1.,

Ny =600, L, (ct, +a, B + o, 3,) =60-182-10118(0,2+0,5-0,8° + 0,3-0,6°) =30,1-10°

FE

[0,]=(0,25-430+ 0,08 650)3/10° /30,1-10° = 109MIIa .
5.1lo (1)0pMyne (3.5)

—6103 = =6103 1o 3106 ——— =131L4mm;
Vo T GH] V' o1s9®

Ky = 0,5k +1)=0,5(1,3+1) =115,
[Tpunumaem a, =140 mMm.

6. Kosddumment nuamerpa uepssika
g =025-z,=0,25-32=8.
[TpuanMaem ¢ =8.

7. OceBoit MOAYIIb
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: Za'w 2-140
m = = =7 MM.
z,+q 32+8

Jliis coOmoieHust coueTanus m,q W z, (cM. Tabn. 3.2) npuHUMaeM m =8 MM.

Koadpdumment cmemenus
G grn 10 8432
m 2 8 2

(BBIXOAMT 32 JOTYCTUMBIE TTPEAETBI). Y MEHBIIICHUEM YHCEIT 3yObEB z, HENTb3S MOIYUUTh X

B TpeOyeMBbIX mpefenax (a ¢ Hellb3s YMEHbIIATh, T.K. OH AIMEET MHHUMAJIBHOE CTaHIaPT-
Hoe 3HaueHwue). [losTomy mpuHMMaeM m = 6,3MM, ¢ =11,2. [Ipu 3ToM
L_140 112432
6,3 2
VYTIIbl MOIbeMa BUTKA YCPBAKA:
Ha JICTIATEIIFHOM JUaMETPe

=222-216=+0,6<1.

y= arctgz—1 = arctgi =arctg0,3571=19°39';
4 112

2

Ha HAYAJIbHOM AUaMCTPC

y, = arclg al :arctg;:l7°53'.
q+2x 112+2-06

KoppekTupoBka npeaBapuTebHO ONPeaeIeHHBIX TapaMeTPOB OCYIIECTBIIACTCS B Ta-
KOM MOCJIEN0BATEIBHOCTH:
Kosddumment konnenTpanun Harpysku [cMm. dopmyay (3.11)]:

3 3
Ky = 1+(%2J (1-x)= 1+[§J (1-0,78) = 1,16;

X=a,+a,p, +a,f,=0,2+0,5-08+0,3-0,6=0,78 .
Kosdpumment nurammaeckoit Harpy3ku K, =1,04 onpeaensercs o tadm. 2.5 npu 8-

H cTeneHu TOYHOCTH KoJieca (cM. Tabu. 2.4) B 3aBUCUMOCTH OT CKOPOCTH KoJieca
g < EM T 314:63:32182 o o
60000 60000

Kosdpumment narpyskn

K, =116-1,04=121.
CKOpOCTh CKOJIBKEHHS B IEpeaaue
_wemlg+2x)n,  314-63(112+2-0,6)1455
M 60000 60000
9. = S 395 _ 6,25 m/c.
cosy, 09517
10.5 YTouHeHHe NOMyCKaeMOro HanpsHKEHUs
[0, ]=300-25-8. =300-25-6,25 =144 Mna.

PacuerHoe KOHTakTHOE HanpspkeHue no gopmysie (3.16)
3
_5300(11,2+2-0,6) [[32+11,2+2-0,6 1213106 = 163MITa > [, il 3%
32 140(11,2 +2-0,6)
11.Tak kak pacueTHOE HANPSHKEHIE MPEBHIIIAET IOMYCKAeMOe, TO YBEITUUNBAEM

MEKOCEBOE PACCTOSHUE.
[TprHuMaeM a, =160 MM. ¥ TIOBTOPSIEM pacyeT.

=595 m/c;

H
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[TpuaEMaem ¢ =8.
. 2160

= 8 MM;
32+8

2

m

__160 8+32
8 2

0; v, =y = arctgg =26"34";

K —1+[£T(1078)—107'
Hp 47 2 > 5
K, =107-104=111;
_314-8-8-1455 _ 487 Mo 9, - 8 487
60000 cosy 0,8944
[o,,]=300-25-54=165 Mna;
3
o, =23008 (32481 1y 3106 = 136MITa <o, ]
32 160-8
Tak kak o, < [o-H], TO OKOHYATEJIbHO IPUHUMAEM a, =160 MM; z, =4; z, =32; m=38

3, =8,

wl

=54 m/c;

MM; g=8; x=0.

12. Onpenenenue reoMeTpUUYECKUX Pa3MEPOB Mepeaaun

12.1. Yepnsxk:

d=mq=8-8=64 MM, d, =d, +2m=64+2-8=80 MM,

d, =d, —2h; -m=64-2(1+0,2-08944)8 =452 mm;

b, =(10+53x|+ 2 Jm—c=(10+0+48-0=112 MMm.

12.2. YepBauHOE KOJIECO:

d,=mz,=8-32=256 MM, d_,=d,+2m=256+2-8=272 MM,
6m 6-8

<272+
z,+2 4+2

d,,<d,+

< 280;

NPUHUMAEM d  , = 280 MM;

d,, =d, —2mh; =256-2-8(1+0,2-0,8944) = 237 MM
b, =0315-a, =0,315-160 = 50,4 MM.

[Ipuaumaem b, =50 MM.

13. Hanpsbkenne naruda B 3yObsx 4epBIYHOTO KOJIECa ONMPEACIISIOT 10 hopMyJie:
2000-K.-Y.-T. - . . . .
_ o zF ) COSY _ 2000-1,11 1,428 310,6-0,8944 — 5.4 MIla;
13-m*-d,q 1,3-8%-256-8
oz, 32
" cos’y 0,8944°

Op

z

— 45; Y, =1,48 (tabn. 3.4);

o, =54Mlla < [o,]=109 MIla.
14. KosddunmeHT nojae3Horo aAeicTBus
. gy _ tg26'034' . 05 _ 093,
ey +9) 12(26°34 +1°35') 0,535
15. IIpoBepky peykTopa Ha HarpeB OCYILECTBIIAIOT [0 TEMIIEpAType HarpeBsa ycra-
HOBJIEHHOT'O Ha METAIJIMIECKOH paMC pCaAYKTOpPaA IMPHU €CCTCCTBCHHOM OXJIAXKACHUHA
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__1000110-n)47200__1000-73(1—(l93)

T = = +20° =55 <t

e KA+ w) 15-0,887(1+0,25) 1
T -n  50-1455

roe P=——~-= =773 kBrT;

SETY 10*

K, =15Bm/m* -c*; A:20a§=200j@”=@%7M?

16. Cunbl B 3a1I€TUICHUH YEPBAYHOMN TAPHI:
2000-7, 2000-310,6

F,=F, = =2427 H;
d, 256
2000-7, 200050
Fy=F,=—r—1= -1563 H;
1

F, = FlzthO0 =2427-0,364 =884 H.
4. Pacuer KJIMHOpEMEHHBIX Tepenay

PeMenHnas mepenaua COCTOMT W3 BEAYIIETO W BEJOMOTO IIKUBOB ¢ auameTpamu d; u
d,, pacmoioXeHHBIX Ha MEXOCeBOM paccrosiunn a (puc. 4.1), U peMHEW, HaAECTHIX Ha
IIKUBBl C HATSDKEHUEM W TMEPENAIONINX OKPYKHYIO (TOJIE3HYIO) CHIIY € MOMOIIBIO CHII
TpeHus. B cocraB mepemaum 4acTo BXOAAT yCTPOMCTBA IJIA PETYIMPOBAHUA HATSKEHUSA
PEMHEH, a TaKKe OTPaKIACHUA.

Llenbto pacueTa sABIsETCA ONMpPENEICHUE TUAMETPOB IIIKUBOB, Pa3MEPOB M YHMCIIA PEM-
HEH B repenaye.

4.1 OcHOBHBIE MOJIOKEHUS TEOPHUH PadOTHI M pacyeTa mepenad.

Puc. 4.1

PaccmarpuBaroTcs nepeaaur ¢ KIMHOBBIMU PEMHSAMU HOPMAJIbHBIX M Y3KUX CEUCHHH.
KnmrOBBIE TPUBOIHBIE PEMHH — PEMHH TPANEIMEBUIAHOTO ceueHus (puc. 4.2), cOCTOAT U3
Kopza 1, pe3suHoBO# OCHOBBI 2 1 00EPTKH 3 U3 NPOPE3UHEHHOMN TKaHHU.
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Puc. 4.2

Kopn — Hecymuii cimoii Ha ocHOBe 2...5 CIIO€B KalpOHOBOW WJTA JTABCAHOBOUW TKaHHU
(Kopa - TKAHEBBIN) WU CIIOS KOpA — MmHYpoB (kopamHypoBoi). Kopa pacnomnararor B
NPOJOJIbHOM HAIPABICHUH PEMHA B HEUTpalIbHOM cj0€ mupuHOd W, [UId pasrpy3ku ero
OT HaNpsDKEHUH U3ruoa.

Pe3unoBas ocHoBa obOecmeunBaeT pemMHIO TpeOyemyio dopmy ceuenms. OGeprka
MPUAAET PEMHIO KapKACHOCTb, MPEAOXPAHIECT OT BHEIIHUX BO3ACHCTBUMA, TIOBHIIIAECT U3HO-
COCTOMKOCTb.

KnuHOBBIE pEMHU BBIMYCKAIOT OECKOHEYHBIMHU.

KimmHOBBIE peMHM HOPMAaJIbHBIX CEUEHHUI 0003HAYAIOT (B MOPSIKE YBEITHMUSHUS TIOTIe-
peunoro ceuenus): Z(0),A, B(b), C(B), D(I'), E(), EO(E). U3-3a Gonp1ioit Maccsl cko-
pocTh ux orpanuuena (1o 30 m/c). Benmeacteue 6onbIIoi OTHOCHTENbHONW BBICOTHl PEMHHU
HOPMAaJIbHBIX CEYEHUH UMEIOT OTPAHUYECHHYIO JOJITOBEYHOCTD.

KiinHOBBIE pEMHHW Y3KHX CEUCHH HW3TOTOBJSIIOT ueThipex ceuenuit: SPZ(VO),
SPA(YA), SPB(VB), SPC(YB). O6o3naueHnst B CKOOKaxX COOTBETCTBYIOT PaHEE MPHUHSA-
THIM B TEXHMUYECKOW MOKYMEHTaluu. biarogapsa MeHbIeMy OTHOLICHHIO IIUPUHBI PEMHS
K BBICOTEC OHH MMEIOT 0oJiee paBHOMEPHOE PACIpPE/ICIICHHE HArpy3KH MO HHATAM KOpJa.
[TosToMy y3KHE peMHH JOMYCKAIOT OOJIBIINE HATSHKCHHS, IEPENAIOT TIPH TOH K€ TUTOIIA TN
ceueHus B 1,5-2 paza GONBIIYIO MOITHOCTh IO CPABHEHHIO C PEMHSMH HOPMAJIbHOTO Ce-
YEHUS, YTO MO3BOJSET YMEHBUINTh YUCIO PEMHEH B Mepeaadye U MIUPHUHY IIKUBOB. Y3KHE
PEMHH XOPOIIO paboTaroT mpH ckopocTsax mo 50 M/c. B HacTosmee Bpemsi mpHUMEHEHHE
Y3KHX PEMHEH CTAaHOBUTCS MPEOOTaIAIOIIHM.,

OCHOBHBIE XapaKTEPUCTUKU KIIMHOBBIX PEMHEN NPUBEACHBI B Ta0. 4.1.

Kputepuamu paboTocnocoOHOCTH K pacyeTa PEMEHHBIX Nepeaay ABISIOTCS TAroBas
CIOCOOHOCTh W JTOJITOBEYHOCTh. Ecim He OyneT BHITIONHEHO TEPBOE YCIIOBHE, PEMEHB
HAaYHET OyKCOBAaTh M3-3a HEIOCTATOUHOW MPOYHOCTH CLCIUICHHUS PEMHS CO IIKUBAMHU (Be-
JOYILIUH IIKUB BPAIAETCs, @ BEAOMBINH OCTACTCA HETIOABM)KHBIM ), €CITH HE OyJeT BhIACpIKa-
HO BTOPOE YCJIOBHE, peMEHb OyAET ObICTPO BBIXOAUTH U3 CTPOA U3-3a YCTAIOCTHOIO pas-
pyIIeHUs (TPEIIUHBI, HAJAPBIBBI, PACCIIANBAHUAE PEMHS).
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JIisi KITMHOBBIX PEMHEN MPUMEHSETCA KOMIUICKCHBIN PacyeT Ha TATOBYIO
COCOOHOCTh M JIOJATOBEYHOCTbh, T.K. OFPAHUUEHHOE KOJIMUYECTBO TUIIOPA3MEPOB
KJIMHOBBIX PEMHEN MO3BOJIMJIO HAKOMUThL JAOCTATOUHBIN Il MPOBEACHUS TaKUX
pacyeToB 00BEM HKCIICPUMEHTAIBHBIX JAHHBIX O MapaMeTpax KPUBBIX yCTaJIO-
cTH. /{1 mpoBeneHus pacyera nepesaun HeoOXOauMO ONMpPEACIIUTh CUJIbl U Ha-

NPSYKEHUS B PEMHE.
MakcuMalibHOE HaIpsAKEHUE NEHCTBYET B MOMEPEYHOM CEUYEHHH PEMHA B
MeCTe ero Ha0eraHus Ha IIKUB MEeHbILEro quamerpa d;.

Gmax:01+aﬂ+auzatﬁ+aﬂ+au (4.1)

r7ie o, — HaMpsHKEHUE PACTSHKEHUS B BEYIIEH BETBHA PEMHS;

o, — HaMPsHKCHUE U3ruda Ha MAJIOM TIKUBE,

o, — HANPKEHUs OT UEHTPOOEIKHBIX CHJL,

o, — TIOJIC3HOE HANPSDKEHUE, XapaKTEpH3YIOMEee TATOBYIO CIOCOOHOCTH
PEMEHHOHU mepenayu,

g=e”,

e — OCHOBAHHWE HATYPAJIbHBIX JIOTapu(MOB;

f — ko3 puUIEEeHT TPEHUS PEMHS IO IIKHUBY

B —YTOJ YIIPYTOro CKOJIb)KEHUA.

Hampsikenne m3rnba o, W3MEHSSACH MO OTHYJICBOMY LUKITY, MPEBBIMIACT
BCE JPYTHE COCTABJISIONINEC HAWOOJIBIIETO HAMPSHKCHHS W SBJISETCS TJIABHOW
MPUYHUHON yCTAIOCTHOTO PA3PYIICHUAS PEMHS.

GH — 2E Ymax ,
dl

rae E -Moaynb npoaosibHOM yHpyrocTy MaTepuana peMHs;

Ymx — paccTosHME HauboJee OMAacHBIX BOJOKOH PEMHS OT HeHTpaabHOM
JIMHHH.
Ha npakTtuke 3HaueHne o, OrpaHUYUBAIOT MUHUMAJIBHO JOMYCTHMBIM JUIS
Ka)KJI0TO BUJA peMHs 3HaueHueM d; (cm. Tabdm. 4.1).
Hanpsixenue oT HeHTpOOEKHON CUITBI
o, = 10°° pv°
rI€ p — IUIOTHOCTh Marepuasa PEMHs, Kr/M;
v — CKOPOCTh PEMHS, M/C.
Pacuer Ha TAroBy10 crmocOOHOCTh OCHOBAH Ha MCIHOJIb30BAHUU KPUBBIX
CKOJIbKEHHUs. TAroBas cmocOOHOCTh PEMEHHOUN Nepeaayn OnpeaAesieTcss Ko-

3 PHIEEHTOM TATH ¢ = O ,

20,

rie 0, — HAIIPAKCHHUEC OT CHJIBI IIPCABAPUTCIIBHOI'O HATAXKCHUA PEMHAL.
0
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B ocHOBe pacyeTa Ha TOITOBEUYHOCTD JICKAT YPABHEHUE KPUBOH YCTAIOCTH
Bennepa. DkcrniepuMeHTaIbHBIE MCCIIEIOBAHUA KIMHOBBIX PEMHEH pPa3IMUHBIX
CEUECHUI MOKAa3aJIM, YTO JUI PEMHEN HE yAAeTCA YCTAHOBUTH NPEAEI HEOTPAHHU-
YEHHOHW BBIHOCIIMBOCTH U YPABHEHHUE KPUBOM YCTATOCTH UMEET BUJ

/m 2
E

ol N,=C, Wi o, :NL 4.2)

rae m 1 C — MOCTOSTHHBIC, ONIPEACISIEMBIC AKCTICPUMEHTAITBHO,
Ng — SKBUBAJICHTHOE YHMCJIO ITUKIIOB HArPYKEHHUA 332 CPOK CIIYKObl PEMHS
710 pa3pyieHus (U3 pacyera 1o ABa UK 32 OJAWH MPOOET PeMHS).

Ji1s1 ABYXIIKMBHOM nepeaayn

Ng=2*3600ULy, (4.3)
1000- v ol
rae U= —  —uacrora npoOeroB peMHs, CeK

P
Ly — pecypc pemMHs, u;
v — CKOPOCTb PEMHS, M/C;
L, — pacueTHas AJIMHA PEMHS, MM.
Pemas copmectHo ypaBHenus (4.1) u (4.2) ¢ ydeToM BeIpaXeHUH Ui o, U

o, , IOJIy4alOT ypaBHEHUE KPUBOU YCTAIOCTH B BUJIE

A o +2Edme 1107 p? =——; (4.4)
-1 d E
1 E
OTa 3aBUCHMMOCTh CBS3BIBAET TATOBYIO CIOCOOHOCTH, XapaKTEPH3YEMYIO

MapaMeTpoM ¢ WIJIH TOJIE3HBIM HANPSKEHUEM O, , C JOJTOBEYHOCTHIO PeMHS N,

BBIPKCHHYIO YUCJIOM IIUKJIOB.

Jlns ucnonmb3oBaHust 3aBUCHMOCTH (4.4) He0OXOAMMO 3HATh MOAYJIb YIIPY-
rocty E, mapameTp TAroBO# COCOOHOCTH ¢, TapaMeTPhl KPUBOW YCTAJIOCTH m,
C u ap. Mcnonp3yst HaKOIJICHHBIH 00BEM 3KCTIEPUMEHTAIbHON WH(pOPMAIIHH,
JUIA pacueTa Tepenad ¢ KIMHOBBIMH PEMHSIMH OblIa TIPEAJIOKEHA CIeayIomas
3aBUCUMOCTbH [26]:

JUTA PEMHEN HOPMAJIBHBIX CEUEHUHN

1.57
- 9o 475212710702 = 222 (4.5)
q-1 d, N©

JUIL PEMHEN Y3KUX CEUYCHUN

max

max

/4
=—1-0, +61.25—+1.4:10 0" =(86.5-6.375I]gN W, ", (4.6)
q_

e
rae W, — pacueTHast INUPUHA PEMHEN;
de=K,d; — >xBUBaJICHTHBIN AUAMETP MKUBA, C TTOMOIIBIO KOTOPOTO YUUTHI-
BAIOT PA3JIMYHYIO CTEMEHb M3ruba PEMHS Ha MaJOM W OOJIBIIOM IITKUBAX MPHU

MepeIaTOuHOM OTHOIIEHUH U>1.
Ky — ko3¢ dunreHT NpUBEACHHUS, YCTAHOBJICHHBIM HA OCHOBE THIIOTE3BI
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JIMHEHHOI 0 CYMMHUPOBAHHUA YCTAJTOCTHBIX HOBpe)KHeHI/If;I.

K,=1,14-0,14¢>4

4.7)

W3 ypaBuenus (4.5) npu npuHSTON ycloBHOM mosroBeuynoctr 1, =24000 u,
ko3 uIueHTe Taru ¢, =0.67 (COOTBETCTBYET ¢=5) | NE=173*10°U nonyueno

CJIETYIOINEe BBHIPAKEHUE UIA TOJE3HOTO HAMPSHKEHHS TP CTAHAAPTHBIX yCIIO-
BUX paboTel mepemaun (u=1; v=10m/c; Harpy3ka crokoiiHas):

555

t 009
U

Wl.57

p 710*302
d

[

(4.8)

COOTBETCTBEHHO IJI1 PEMCHHBIX IICPCaau €¢ Y3KMMHU KIIMHOBBIMHU PCMHAMU
MOJIC3HOC HAIPAKCHUEC ONIPCACIACTCA 110 BBIPAXKCHUIO!

W
o, =(27.1-5.1igu )w ** —4961—"—1.12-10*302

e

(4.9)

PacuerHbie mMOJIe3HBIC HAMPSHKEHWS, BBIYMCICHHBIC IO 3aBHCHMOCTSIM
(4.8)u (4.9) nnsa crangapTHBIX Tiepenay, 00eCIeUNBAIOT HEOOXOAUMYIO TATOBYIO
CIIOCOOHOCTH M TPEOYEMYIO JOJTOBEUHOCTD MEPe/Iauu.

JlonyckaeMoe ToJIe3HOE HAMPSHKCHHUE B PEATbHBIX YCIOBHSIX AKCIUTyaTalluK
nepeaayum Tk BCEX KITMHOBBIX PEMHEH

o.C,

[o]=

C 2

(4.1

0)

rae C, — k03(pPUIHMEHT, YUATHIBAIONINKA BIMSHHE HA TATOBYIO CIIOCO0-

HOCTb Nepenaun yria ooxsara o (u# 1); 47 KIMHOBBIX PEMHEH

[24
C,=124(0-e ')
Cp, — ko3 uIMEHT IUHAMHUYHOCTH HAarpy3Kh W peKuMa padoThl (Tabdil.
4.2). B Tabnuiie mpuBeaeHB 3HAYCHUS C, I IPUBOJIOB C DJIEKTPOJBUIATENIEM
MEPEMEHHOTO TOKA OOIIEMPOMBIILICHHOTO TPUMEHECHMUS.

(4.1

1)

Tabnauua 4.2

Pesxum paboTh! 1

Tumsr ManmH

C, mpu umcne
CMeH paboTHI nepe-

XapaKTep Harpy3Ku JTavu
1 2 3
JleTkmif: CTaHKH C HETMPEPHIBHBIM MPOLECCOM PE3AaHHS. TOKAPHBIC, CBEPIIHIb-
Harpyska cnokoi- | Hble, DUI(OBATBHBIC, JIETKAC BCHTWIATOPHI, HACOCHI H KOMIIPECCOPHI
Has MAKCHMAJIBHAS | HCHTPOOCIKHBIC M POTAHOHHBIC, ICHTOYHBIC KOHBCHEPBI, CEMApaTOPBbI, 10 11 14
KPAaTKOBPEMEHHAS Ha- | JITKHE TPOXOTHI. ’ ’ ’
rpy3ka 1o 120% ot
HOMMHATbHOH
CpenHuif: Crankd (ppe3epHbIe, 3y00(hpe3CpHBIC W PEBOIBBEPHBIC; CTAHKH CKOPO-
YMepeHHbIC KOJIe- | CTHOTO HumH(OBAHES; MOTHIPAPHICCKHC MALIMHBI, JICKTPHUCCKUC TC-
Oanus Harpy3ku. Mak- | HEpaToOphl; HOPUIHEBBIC HACOCHI H KOMITPECCOPBI; BEHTH/LTOPHI H BO3-
CHUMATbHAL KPaTKO- | AyXOAyBKH; LCIHBIC TPAHCTIOPTEPBL, 3ICBATOPBI, JUCKOBBIC MBI, IPA- 1,1 1,2 1.5
BPCMCHHAS  HATPY3Ka | TWIbHBIC, OyMa)KHBIC, MHUIICBBIC MALNHHBI, TSKCTBIC TPOXOTHI, Bpa-
mo 150% ot HOMH- | IAFOINHECS MCYH.
HAJbHOM
Tsoxenprit: CraHKH CTpOTaIBHBIC, TOJOSKHBIC, 3y0010I0€KHbIE U AepeBO0Opada- 12 13 116
3HAYHTEIBHBIC KO- | THIBAIOINWC, BEHTHJIATOPHI H BO3AYXOAYBKH TSDKCIOTO THIA, KOHBCHE- | ’ ’
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JeOaHus HATPY3KH. | PBI BHHTOBBIC, CKPCOKOBBIC, MPECCHI BHHTOBBIC 3KCICHTPHKOBBIC,
MaxkcuMaibHasi Kpar- | TKAUKHE MAIIHHBIL, XJIOTKOOYHCTUTEIHHBIC MAIIHHEIL,

KOBPEMEHHASI HATpPy3-
ka 10 200% oT HOMH-
HAJTLHOI

OucHb THKETBIH: TToapeMHUKH, SKCKABATOPBI, IPArd, HOXKHHULIBI, MOJIOTHL, OCTYHBI, TJIH-
YnmapHas W PE3KO | HOMSUIKH, MEJbHHIBI MAPOBBIC, ;KEPHOBBIC, BAJIBIIOBbIC, TPOOHIKH, JIC-
HEPAaBHOMEpHAsI  HAa- | CONMMIbHBIC paMBbl H Ap.
rpyska. Makcumans- 1.3 15
Has KPaTKOBPEMCHHAs
Harpy3ka 10 300% ot
HOMUHAJILHOH

1.7

>

[lo momyckaemMoMy TMOJIE3HOMY HAMPSHKEHUIO OTPEACTISIOT YHCI0 PEMHEH B

nepeaaue
F

=t 4.12

‘ [0,]-A° (*+12)

20007

rae b, = — OKpy>kHas cuna, H;

1
A — IWIOIIA/ib ONEPEYHOTO CEUCHIS PEMHSI, MM’
B mHOTOpYUBEBBIX MEpeaauax, KaKOBHIMHU SIBJISIOTCS KIIMHOPEMEHHBIE TTe-
peaauu, Harpy3Ka Mo PeMHIM paclpeesieTcs] HEPAaBHOMEPHO. DTO YUUTHIBACT-

cs1 kodpummentom C, mpu z'>2, KOTOPHIA UMEET CICAYIOINE 3HAYCHHS
z | 2.3 | 4..6 | >6

C. | 0.95 | 0.9 | 0.85

Torma okoHYaTEIIEHOE YHCIIO PEMHEH

ZV
-2 <10 4.13
z C : ( )

z

Jlns onpeneneHus CUII HATSKEHHSI BETBEW PEMHS M CHIIBI, JEHCTBYIOLIEN
Ha BaJl, HAXOAAT (paKTHUECKUH KOA(PPHUIIMCHT TATH, XapaKTEPHU3YIOIUi Harpy-

304YHYIO CIIOCOOHOCTD nepcaavuun.

_ »,C, _ 0.67C, 414
A (4.14)

r r
Cuna F, HauampHOTO HATSXKEHUS PEMHS OTpeaenseTcs yepe3 pakTuueckuit
KO3 UIMEHT TATH

F=2t; (4.15)

Cuna HaTsHKeHUA BEAYILIEH BETBH PEMHA

R=F+3F (4.16)

Cuna, neficTByrolias Ha Baj
F:ZFOZCOS% (4.17)
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TA€ y — YrOJl MEXKIY BETBSIMHU PEMHH.

B mepenauax 6e3 peryaupoBaHHMsS HATSHKEHUS PEMHEH MpeaBapUTENIbHOE
HATSDKEHUE OOBIYHO yCTAHABJIMBAIOT € 3allaCOM M OHO COXPAHSAETCA 0 BBITSITH-
BaHUsI PEMHEN.

[TosTomy cuny F' peKOMEHAYIOT yYBEJIMUMBaTh B 1.5 paza.

Cpennuii pecypc NMpOeKTUPYEMON Mepelaud OLEHUBAIOT CIEAYIOIIUM 00-
pazoM.

OnpenenstorT MaKCUMaIbHOE HAMPSKEHHUE:
B PEMHE HOPMAJIBHBIX CEUEHU I

W1.57
o :£+7,5 112710707 4.18
max A d
z €
B PEMHE Y3KUX CCUCHUU
W
c :£+61.25 L +1.4-1070° 4.19
max A d
4

€

N3 ypasHenuit ycranoctu (4.5), (4.6) HaxoAST 4uCiO HMUKIOB N,KOTOpOE
BBIJICPKUAT PEMEHb HOPMAJIbHBIX CEUCHUM

11
N:[ﬂj (4.20)
Gmax
U PEMEHB Y3KUX CEUCHUHN
o W0.421
lgN:l3.6—% (4.21)

YuuteiBas 007bIIONH Pa3dpPoC IKCIEPUMEHTAIBHBIX JAHHBIX MO J0JTOBEU-
HOCTH, a TaK)K€ BIUSHUE OOJBIIOTO yucia (pakTOPOB, CBA3AHHBIX C YCIOBUSAMHU
AKCIUIyaTallMd U TEXHOJIOTHEN M3TOTOBJICHUS PEMHEH, peaibHas (9KCILTyaTalu-

OHHasA) AOJIFOBEYHOCTh — CPEOHUH pecypc peMHA Ly, — OyHeT 3HauMTeNbHO
MenbIie pacuetHoit (Ly — 24000 v).

OT0  yumTBIBaeTCA  KOA(PPHUIIMEHTOM  CHHIKEHHS  JIOJITOBEUYHOCTH
Si=4,5...5,0 [28].

N3 ypaBHenus (4.3) onpeaenstoT CpeaHu pecypc peMHs

;, __N
" 7200-US,

[TonyuenHblii pecypc MOJKEH OBITh OOJbIIE pecypca, YCTAaHOBJICHHOTO
['OCT 1284.2-89 nmns skcrutyatanuu B JierkoMm pexkume — 5000 4, B cpeaHem —
2000 u, Tsoxenom — 1000 v, B ouens Tsoxenom — 500 .

Ecmu »TO ycloOBHE HE BBIMOJHSAETCS, CIACAYET B3SATh INKHBBHI OOJIBIIErO
TaMeTpa.

4.2 TlocsienoBaTeILHOCTh pacyeTa KJIMHOPEMHEBBIX Mepeaady.
Hcxoanbie qaHHbIe 151 pacueTa;

- T — Bpamarommii MOMEHT Ha Bajly BEAYIIEro mKuBa, Hw;

- 11| — 9AaCTOTA BPAIIEHHUS BEIYILETO IKHBA, MUH

- U — ePeIaTOYHOE OTHOIICHUE PEMEHHOM Mepeaayn.

1. TTo Benmumue Bpamatomero momeHTa T; Beioupaetcs (cMm. tadn. 4.1) ce-

(4.22)

68



YCHHE PEMHS U MUHUMAJIbHBINA JUAMETP BEIYIIEro MKUBA dipip.

I{enecoobpa3no npuHEMaTh d; BO3MOXKHO OOJIBIINAM, T.K. IIPH 3TOM ITOBHI-
maercs noaroseyHocth peMHs u KIIJ[ mepenaun, yBenmnunBaeTcs NoJ€3HOE Ha-
NPSKEHUE o, , CHWKAETCA OKpPYXKHas cuja Fy U yMeHbIIaeTca 4uciao peMHEH.

Llenmecoobpazno d; HaxoauTk 1o dopmyite [26]:
d, =Cy[T; (4.23)
rae C=38...42 nyis peMHel HOPpMaJIbHOTO CEUCHUA,
C=20 nns y3kUX peMHEH.
[TonyuenHoe 3HaueHue d; OKPYIIISIETCS 10 CTaHAapTHOTO. (cM. Tabm. 4.3)
2. OnpeneneHne CKOPOCTH PEMHS, M/C
Pl (4.24)
60000
J1071KHO OBITH BBITIOJIHEHO YCJIOBHE:
v<30 m/c WA peMHEH HOPMATBHOTO CCUCHUS,
v<50 M/C Ay y3KUX pEeMHE.
3. Onpenenenue AuameTpa BEIOMOTro IKUBa
d2:d1U(1- g ),
rae £=0,015 — oTHOCHTEIPHOE CKOIBKEHHE.
[TonydeHHbIH TUaMeTp OKPYTJAETCS 10 OJMKAWIIEro CTaHAAPTHOIrO 3Ha-
yeHus (cM. Tabu. 4.3)
4. YTOYHEHHE MEePEAATOUYHOTO OTHOIICHUS
u=—%2 (4.26)
d,(1-&)
5. OnpeneneHre ONTUMAIBLHOTO 3HAUEHUS MEXOCEBOTO PACCTOSHHS B 3a-
BACHMOCTH OT auameTrpa d, W TmepeIaTouHoro OTHOINEHHUS U W3 yCJIOBUA 00ec-
IICUYCHUA HGO6XOI[I/IMOI‘O yria oOxBara Ha BCAYIICM HIKWUBC!

GOHT:Cdz, (427)

a
rae C = % OPpUHHUMACTCA B 3aBUCHUMOCTH OT ICPCAATOUYHOIO OTHOICHHU A
2

u | 1| 2| 3| 4| 5 | 6ubonee
c | 15 | 12 | 1| 0,95 | 09 | 0.85
6. OnpeneneHue JJIUHBI PEMHA
g d +d d,—-d

L =2a+m, +A—,zaedc 4T 2 A=—2 1 (4.28)

p P a 74 2 2
[ToydyenHoe 3HAYEHWE MJTMHBI OKPYTISETCS 0 CTAHAAPTHOTO (CM. TalI.

4.1).
7. YTOUHEHHE MEKOCEBOTO PACCTOSHHUS
L —nd, 1 5
a:%—kz\/@p —nd,, ) -84 (4.29)

8. Yron mexay BETBAMH PEMHS
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y=2 arcsiné (4.30)

a
9. Yron o6xBara peMHEM MaJIOTO IIKHBA
o =(180-y) >120" (4.31)
10. Onpenenenue uncna npoOEroB peMHs
U - 10000

L

p
(4.32)
11. Onpenenenue 3KBUBAICHTHOT'O AMaMETPa IIKKUBA
d,=d (1.14-0.14e>*0) (4.33)

12. Tlone3noe HanpsKEHUE BHIYKMCIAETCS MO BhipaxeHusM (4.8) wim (4.9) B
3aBUCUMOCTH OT CEUCHHS PEMHSI.

13. Omnpenenenne AOMyCKaeMOro TOJE3HOTO HAMPsOKEHUS 1O (GopMyIie
(4.10)

14. Onpenenenue uncna pemaeit mo gopmysie (4.13)

15. Onpenencane CUIT HATSDKEHUSI BETBEH PEMHS, CHJI, NEHCTBYIOIUX Ha
BaJI, ¥ pecypca nepenauur o Beipaxenusm (4.14)...(4.22).

[[Tk1BBI KIMHOPEMEHHBIX TMEpenad Uil PEMHEH HOPMAaJbHOTO CEUCHUS U
y3kux pemueit (I'OCT P50641-94) na o6oae UMEIOT KaHABKH TIO YKCTY PEMHEH.
['my6uHa kaHaBOK IIKWBOB JOJKHA OBITH TaKOW, YTOOBI MEXKIY BHYTPEHHEH MO-
BEPXHOCTHIO PEMHEH M THOM KaHABOK COXpaHsJICA 3a30p. B To xe Bpems pe-
MEHb HE JIOJDKEH BBICTYNATh 32 MPEACTbl HApy>KHOTO IUaMeTpa IIKUBA, TaK KaK
B 3TOM CjIydae KPOMKH KaHABOK OBICTPO pa3pylIaloT peMeHb. Paboueit moBepx-
HOCTBIO KAQHABOK SIBJIAIOTCS OOKOBBIE CTOPOHEL. JIJIsT yMEHBIIIEHUST U3HOCA PEM-
Helt pabouyio MOBEPXHOCTh KAaHABOK TIOJUPYIOT.

[Ipu u3rube Ha mKuBe NPOQUIb PEMHS UCKAKACTCS: IIMPUHA PEMHS B 30HE
pacTsDKEHUST YMEHBIIACTCS, a B 30HE CxKaTHA yBenwuuBaercs. [lpm 3TomM yroma
npoduns ymenemaerca. Ecnm pemens, aedopMupoBaHHBIN TakuM 00pa3oM,
PACIIOJIOKHUTh B KAHABKE IIKMUBA C YIJIOM, PABHBIM yrity mpoduiisa HeaehopmMu-
POBAHHOTO PEMHS, TO JABJIEHUE HA €ro OOKOBBIE TPaHM PaclpeAesuTCs HepaB-
HOMEPHO. J[0JITOBEYHOCTH PEMHS B ATOM CJIydae YMEHBIIUTCS. B 1ensix BeIpaB-
HUBAHUS JaBJCHHS YTJbl KAaHABOK «, JENIAIOT MEHbINE YIJia MPOGMIsl PEMHS:

YeM MEHbIIE JUaMEeTp IIKWBA, TEM MEHbIIE Yroj kaHaBku. [lo cranmapty Ha
pa3Mephl MKUBOB KJIMHOPEMEHHBIX Tepead KaHABKH M3TOTABIIMBAIOT C YTIAMH
a, =34"...40°.

[Ipodwmne kaHaBOK ToOKa3aH Ha puc. 4.3, OCHOBHBIC pasMephl MPOdHIIA
MpUBEAeHBI B Ta0. 4.3.
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Puc 4.3

Tabmuma 4.3
O003HaYEHHA W, brin hin e I dp, MM 1711 O,

CEUEHHUS PEMHS Mt 34° 36" 38°
Z/SPZ 8.5 2.0 7/9 12 7 <80 - >80
A/SPA 11 2.75 8.7/11 15 9 <118 - >118
B/SPB 14 3.5 10.8/14 19 11.5 <190 - >190
C/SPC 19 438 14.3/19 25.5 16 <315 - >315
D 239 8.1 19.9 37 23 - <475 >475
E 32 9.6 234 445 28 - <600 >600

IIpmvmeyanne: [Mupuaa mkusa B=(z-1)e+2f

Pacuernsie nmameTpsr mkuBoB: 63, 71, 80, 90, 100, 112, 125, 140, 160, 180, 200, 224, 250, 280, 315, 355,
400, 450, 500, 560, 630, 710, 800, 900, 1000, 1120, 1250, 1400, 1600, 1800, 2000 ,2240, 2500, 2800, 3150,
3550, 4000.

4.3 Ilpumep NPOEKTHOT0 pacyeTa KJIUHOPEMEHHOIl mepeaavn.
PaccmarpuBaeTcs pacuer mepenaud y3KMMH KJIMHOBBIMHA PEMHSMH Kak

Han0oJiee PacpOCTPAHEHHOM.

Hcxonneie 1aHHBIE:

KnunopemeHnHas nepenaya UCHoyib3yeTcsi B MPUBOJE JICHTOYHOTO KOHBEM-
epa;

Bpammatomiuit MoMeHT Ha Bay Beayiiero mkusa T1=50Hwm;

UacroTa BpallieHHs BeAyIero mkusa nj=1455 MHH

[lepenaTounoe OTHOIICHHUE U=3

Pabora B 1B€ CMEHBI.

Peienue:

1. Tlo Bpamarormemy momenty T u3 Tabn. 4.1 npuanmaem npoduis SPZ u
MUHUMAJTBHBIA AHAMETP Beaymero mkuBa dimi;=63 mm. PacuerHas mmpuHa
pemHsa W=8,5 MM; IUIOIIAAb MONEPEYHOTO ceueHus A=56 MM,

JlnameTp BEQyILEro MKUBa
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d, = C3[T; =204/50 =73.7 mm
[To Ta6m. 4.3 npuanmaem d;=80 Mm.
2. CKOpOoCTh pEMHS
o mhn _3.14-80-1455
60000 60000
HE MPEBBIIIAET JOMYCTUMYIO v =50 M/C.
3. BriOop nuamerpa BEAOMOTIO IIKUBA
dy=d;u(1-€ )=80%3(1-0,015)=236,4 mm
[Tpuaumaem cranmaptHoe 3HadeHue d,=250 MMm.
4. YTOUHEHHUE NEPENaTOUHOrO OTHOILIEHHUS
yo 4250
d,(1-&) 80-0.985
3n1ech clneayeT MMETh B BHUJY, UTO OTKJIOHEHHE OOIIEero nepeaaToyHoro
yucila OPUBOAA, TIE HWCIONb3YETCAd PEMEHHAs nepefada, OT 3aJaHHOrO0 He
JOJIKHO TipeBbIaTh 4%.
5. Onpenenenne ONTUMAIBHOTO MEXKOCEBOIO PACCTOSHUSA

a=cd,=1%*250=250 mm
6. OnpeneneHue JIMHB PEMHSA

6.1m/c

17

>

AN 857
L,=2a+ml,+—=2-250+3.14-165+ =1047 mm,

a 250
ced, = d, —iz—dz _ 80+2250 165 iz A = d, ;dl _ 2502—80 — 85

OxpyrisgeMm JJIMHY peMHs A0 Onukalero craHaapTHOro 3Hadyenus. Ilo
tabn. 4. 1npuanmaem L,;=1120 MM, 94TO COOTBETCTBYET qHANA30Hy JAJIUH PEMHEM
npoduiisa SPZ.

7. YTOUHEHUE MEKOCEBOTO PACCTOSIHUA
1120-3.14-165 1

L —m, 1 5
a:%ntz\/(Lp—m’cp)z—SA - y +Z\/(1120—3.14-165)2—8-852 -

=288.5 mm

8. YToJ Mexay BETBAMU PEMHS

y= 2arcsi1né = 2arcsin 85 5° 34°
a

9. Yron obxBaTa peMHEM MaJIOTO IKHBA
a = (180" -34")=146"
10. Onpenenenue unciia mpoOETOB PEMHSA
1000v  1000-6.1
L~ 1120

»

U= =55¢c"

11. Onpenenenre SKBUBAJICHTHOTO AUAMETPA IIKHABA
d,=d (1.14-0.14e**")=80(1.14-0.14e* %7y =91 1 MM
12. Onpenenenne moae3HOTO HAMPSKEHUS 110 BRIpakeHuto (4.9)
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w
o, =(271-5.1igU )W ** —4961—1’—1.12.10*30z =

(27.1-5.11g5.5)8.5 %" — 49%—1. 12:107-6.1> = 4.95M1Ta

13. JlonyckaeMoe mojie3Hoe HanpsHKeHUE TSl TPOSKTUPYEMOM Tiepeaaun
c,C, 495091

[G[] = =
CP

=41Mlla,
—ch i
rae C,=124(1—e °)=124(1—e 1°)=091;
Cp=1,1 n3 Tabn. 4.2

14. Onpenenenue unciia peMHEH B epeaaue

. F 1250
[6,]-4 4.1-56
20007, 2000-50
rae F, = L= =1250H

d, 80
[Tpu Takom umcie pemueit koddpdumment C,=0,9.
Tpebyemoe uncno pemHei
54

Z=—=06
0.

O

[TpuanMaem Z=6.

15. daktuueckuiit KOd(PHUIHESHT TATH
p.c, 067*%09
@ = =
c 1.1

p
16. Cuna Ha4aJIbHOT'O HATAKEHUS PEMHA
F 1250

i

F =—L= =1136H
20 2-0.55
17. Cuna HaTsKeHUs BEAYILEH BETBU PEMHSA

F,
E:F0+7‘:1136+$:1761H

=0.55

18. Cuna, neicTByromas Ha BaJl
F= 2FOZcos% =2-1136-6-cos17° =13036 H

19. Omnpenenenne MakKCUMaJIbLHOTO PACUETHOTO HAMPSIKCHHS B PEMHE TIO
BeIpaxkeHuto (4.19)

F, w : .
O =—=+61.25—2+14-107-0° 1701 610582 1 4107 6.1 =5.24+5.7140.05 = 1 1MITa
74 d, 6-56 91.1

20. OnpeneneHue yncia MUKIIOB MO BeIpaXkeHuto (4.21)

0.421 0.421
O 5
IlgN=13.6-—2 =136 _A8S 7 =936
6.375 6.375

N=2.3*10’
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21. Cpennmuii pecypc pemus o gopmysie (4.22)
;- N 23 10°
" 7200-US,  7200-5,5-4,75

=122274 > 5000y

5. IToa0op u pacuer HeNnHbIX Nepeaay

llenHas mepenava 3T0 Tiepeaava 3alenieHneM ¢ THOKON CBA3BIO. J[BHKe-
HUE TIepeAacT 1enb |, OXBaThIBAIOMIAsA BEAYIIYIO 2 U BEAOMYIO 3 3BE30UKH U
3anersroniascs 3a ux 3yobs (puc. 5.1). B cocras mepenaun wacto BXOAST Ha-

TSXKHBIE M CMA30UHBIE YCTPOMCTBA, OTPAKICHUS.

Puc. 5.1

OCHOBHBIE THIBI CTAaHJAPTU30BAHHBIX MPUBOAHBIX LENEH: POJUKOBHIE,
BTYJIOUHBIC U 3y0OUaTkI€.

[IpuBOaHBIE PONMKOBBIE LENU COCTOAT W3 YEPEAYIOLIMXCA IIAPHUPHO CO-
¢IMHCHHBIX HAPYXKHBIX W BHYTPEHHHX 3BeHbeB. [Imactmubr 5 (puc. 5.2) BHYyT-
PEHHUX 3BEHHEB HAMIPECCOBAHBI HA KOHIIBI BTYJIOK 3, YCTAHOBJICHHBIX HA OCH 2.
[Tnactunbl 1 Hapy>XKHBIX 3BEHHEB HAMPECCOBAHBI HA OCH, KOHIIBI KOTOPBIX pac-
kienanbl. Ha BTysku 3 mpenBapuTenbHO HAAEThl CBOOOJHO BpallarOLIrecs 3a-
KQJICHHbIE POJIUKU 4, KOTOpBIE BXOAAT BO BMAJMHBI MEKAY 3yObAMH Ha 3BE3-
JIOYKAX W CUEIUIIOTCSA €O 3BE€3J04YKaMu. braromaps ponvikaMm TpeHHUE CKOJIbKe-
HUSA MEXy LEMbI0 U 3B€3J0UYKON 3aMEHAETCS TPEHUEM KAUCHHS, YTO YMEHbIIA-
€T U3HOC 3yObeB 3Be370ueK. KOHIBI TIENH COSAUHSIOT TUOO COCTMHUTEIHHBIMHU
(puc. 5.2, a), mnb0 cneNMaTbHBIMHA TIEPEXOAHBIMU (prc. 5.2, 0) 3BEHBSAMU MPH
HEYETHOM YUCJI€ 3BEHbEB LICTIH.

74



Pue, 3.2

Komn1pl oceit mocnie cOOpKH packienbiBalOT ¢ 00pa30BaHUEM TOJIOBOK, Tpe-
MATCTBYIOIINX CIIaJIaHMIO TUIACTHH. [IpH OTHOCHTENIHFHOM IMOBOPOTE 3BEHBEB OCh
MPOBOPAUYMBACTCSA BO BTYJIKE, 00pa3ys IIAPHUP CKOJIbKECHUSA. 3allCTNICHUE TSN
CO 3BE3JI0YKOH MPOUCXOJNUT YePe3 POJIMK, KOTOPHIH, MOBOPAUMBAiACh HA BTYJIKE,
MepeKaThIBACTCS 10 3y0y 3BE3J0UKH.

[ImacTuHBl OuepUeHBI KOHTYPOM, HallOMHUHAOIUM Udpy 8 u obecneun-
BAIOIIAM PAaBHYIO MPOYHOCTH MJIACTHHBI BO BCEX CCUCHUSIX.

[IpuMeHSIOT ey OAHOPSAHBIE M MHOTOPSIAHBIE C YUCIIOM PAAOB OT JIBYX
JI0 BOCbMH.

OCHOBHBIMH T€OMETPUUECKUMH XaPAKTEPUCTUKAMHU LIETIEH SBJIAIOTCS IIar
nenu P, kparseiii 1 mrotimy (25,4 M), v mmprHa 1ieny B (1uHa BTYJIKH), CH-
JIOBOM XapaKTEPUCTUKOM — paspyaronias cuia k.

B o6o3HaueHnn MPUBOHBIX IIENEH YKA3bIBAIOT YMUCIIO PANOB IENU (E€CiH
OHO OOJIBIIIE OJTHOTO), THIT TIETH, €€ IIar W paspymatontyio cury. [Ipumep 060-
3HaueHuss B cooTBerctBUM ¢ ['OCT 13568-75-211P-19,05-7200-aByxpsiaHas
MPUBOJIHASA podWKoBas menb ¢ marom P=19,05 mm m paspymarorieii cunoi
F,=72000 H.

Uem OomnbInie 1m1ar, TeM BBIIIIE HArPy304YHAas CIOCOOHOCTH LIETIH.

B 3aBucuMocTy oT oTHOIICHMS 1mara nenu P x nuameTpy ponmka d; paznm-
qarot nenu Jierkoi (I1TPJT) m nopmansnoii (I1P) cepmii.

OCHOBHBIE pa3MeEPhl OJHOPAIHBIX POJUKOBBIX Iienei cepun 1P mpusene-
HbI B Ta0d. 5.1.
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Taommma 5.1

Paccros-
HHE MEXTY Hua- e Mypu- Mupura e Pas- Ma
OGo3HaueHue METP po- IDIOMIAIH IIap- py1ao- ccalm
BHYTPCHHUMH METP OCH d Ha 1U1acTu- BHY TPEHHETO
Hem IWIACTHHAMH d, Mmm R HbI h, MM 3BeHa B, MM il 2 et
Buw, MM ’ MM 7 ? A, MM Fp, xH KT
[1P-8-460 3,00 231 5,00 75 477 11 46 00’2
0.4
11P-9,525-910 572 3.28 6.35 8.5 8,53 28 9.10 s
0.3
[1P-12,7-900-1 2.4 3,66 775 10,0 4.9 17,9 9,00 0
- 0.3
[1P-12,7-900-2 3,30 3,66 775 10,0 58 21 9,00 s
| T 5,40 445 8,51 118 8,90 40 18,20 50’6
e 775 445 8,51 11.8 113 50 18,20 50’7
ot 6.48 5.08 10.16 14.8 10,78 55 22.70 0.8
IIP-15,875- -
- 9.65 5,08 10,16 148 13,95 71 22,70 1.0
g 12,7 5.96 11,91 18.2 17.75 105 31,80 1.9
T1P-25,4-5670° 15.88 7.95 15.88 242 2261 180 56,70 2.6
e 19,05 9,55 19,05 30,2 2746 260 88,50 3.8
IIP-38,1- 127,0
- 254 111 2223 36,2 35,46 395 0 5.5
TIP-44,45- 172.4
- 254 12,70 25,70 424 37,19 475 0 75
TIP-50,8- A 226,8
- 31,75 14,29 28,58 48,3 4521 645 p 9.7

3
H[zI/IMe‘IaHI/Ieﬁ L[elm, KOTOPBIC MOTYT HU3rOTABIIMBATLCS ABYX U JIM TPEXPIAHBIMA

Bo Bcex cnmydasx ciiemyer oTaaBaTh MPEANOYTESHUE OTHOPSTHBIM IICTISIM.
[Ipumenenne Tpex- W YETHIPEXPAMHBIX METEH HEXKEIATeIbHO, TaK KaKk OHU JI0-
poru u TPeOYIOT MOBBIINICHHON TOYHOCTH M3TOTOBJICHHS 3BE3J0YCK M MOHTaXa
npuBoaa. OaHAKO MHOTOPSIHBIC IIEHH MMO3BOJIIOT BBHIOPATh IIEMb ¢ MEHBIIAM
IIaroM M, CJAEAO0BATENIbHO, YMECHBIIIUTh PATUANBHBIC pa3Mephl 3BE3I0UEK Tepe-
AW ¥ CHU3WTH yPOBEHb IIyma ee pabdotel. Harpy3ounas cmocoOHOCT memnei
BO3PACTACT MOYTH MPOMOPIHOHAILHO YHCIY PSIOB, UTO YUMTHIBaeTCsA KO3 -
[UEHTOM PATHOCTH LEMHU My, XapaKTEPU3YIOIUM HEPABHOMEPHOCTh pacipee-
JICHUs HArpy3ku mo psaam. s oJHOPAAHBIX Lened my,=1; a1 AByXpsaHbIX -
m,=1,7; A1 TpeXpAMHbIX - My=2,5; U YETBIPEXPAIHBIX - My=3.

OCHOBHBIM BHJIOM OTKa3a IICMHBIX Mepeay sBJIACTCA M3HAITUBAHHUE IIap-
HUPOB BCIICJCTBHE WX B3aMMHOTO MOBOPOTA MO HArpy3KoW. ITO MPHBOJUT K
YBEITUUCHHIO Tara mnenw. [1o Mepe u3HammBaHus MApPHAPHI PACIIOIATalOTCs BCE
Onmxe K BepIIMHAM 3yObeB 3BE3J0YEK M BO3HWKACT OMACHOCTH COCKAKHWBAHUA
LEMU CO 3Be3/10ueK. KpoMe Toro, BO3HHUKAET HEAOIMYyCTUMOE MPOBHUCAHUE BEJIO-
MO BETBM IIEITH, 33/ICBAaHKE 32 CTCHKH KOXKyXa WIIH KapTepa, a TAaKXKe yBEITHUIe-
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HUE BUOpAIMH, IIIyMa.

OCHOBHBIM KpUTE€pHUEM PAbOTOCMOCOOHOCTH M pacyeTa LEMHBIX Nepeaay
ABIAETCA H3HOCOCTOMKOCTD IIAPHUPOB.

Harpy30uHyro ¢cnmocoOHOCTh LENH ONPENEAOT U3 YCIOBHS: CPEIHEE /1aB-
JIEHUE P B LIAPHUPE 3BE€HA LIEMIM HE JOJDKHO TMPEBbIIIATh JOMyCcKaeMoe [p] mpu

JAHHBIX YCIIOBUAX SKCIUTyaranuu, Mlla
B <11, (5.1)
A
rae Fy — okpykHas cuiia, mepeaaBaeMas memnbto, H;
A — IUIOMA/b IPOEKIUH OTOPHO} [TOBEPXHOCTH MIAPHAPA, MM’
K, — ko3¢ dunmeHT sKcIuTyaTanui MPEACTaBISIIOT B BHAC MPOU3BEIACHHS
YaCTHBIX KOA((PUITHMEHTOB:

p:

Ka=KsKK\iKpeaKcnKpexKT (5.2)

rae K;— koapduiment aunamuunoctu Harpysku, K, =1 npu paBHOMEpHOIA

Harpy3ke (JIEHTOUHbIE, LieTHbie KoHBeHrepsl), K, =1,2,...,1.5 mpu Harpyske c

TOTUKaMK (METAJUIOPEIKYIINE CTaHKH, Komrpeccopsl), K, =1.8 mpu cumbHbBIX
ynapax.

K, - k03 dunmenT BIusHus JUTHHBL TIeTH (MEX0ceBOro pacctosaus). Ky =1

mpu 6=(30...50)P; B npyrux cinyuasx K, 23\/%70 ,rae L,- anuHa uenu npu a=40P,

L - JUTHHA PACCUMTHIBACMOM TICTIH.

Ky — ko3pduruenT BausHrA HAKIIOHA TUHUW IEHTPOB 3BE370UEK MEePeIaun
Kk ropusonTy. K,=1 npu yrne naknona ¥ < 45°; K,=0.15J¥ npu ¥ > 45°

Kper — k03(duument pausaus cnocoba peryauposanus uenu. Ky =1 mna
nepenay ¢ PeryJupoBaHUEM TOJIOKEHUA OCU OJHOM U3 3Be3f0ueK; Ky =1.1 ma
nepead ¢ PeryjIMpoBaHUEM OTTSDKHBIMH 3BE3/I0UKAMU WIIA HAXKUMHBIMH POJTH-
kamu; Ky =1.25 u1a nepenau ¢ HeperyaupyeMbIM NOJI0KEHHEM 3BE3/10UEK.

Ko — K03 dunrent BnusHus xapakrepa cmasbsianus. K, =0.8 npu Hemnpe-
PBIBHOM CMa3bIBaHWM B MACJITHOW BaHHE Wi OT Hacoca, K¢, =1 mpu perysip-
HOM KareJlibHOM WJIM BHYTPHUIIApHUPHOM cMmaszbiBanuu; K., =1.5 mpu Hepery-
JISIPHOM CMa3bIBAHHH.

Kpex — K03 unpenT BusHus pesxkuMa paboTsl epeauu, YUUTHIBAET MPO-
MOPITMOHATIFHOCTG MyTH TPEHHS W Yucia cMeH N, paboThl mepeaayn B CyTKH,
Kpex=3/N., -

K;— xoapduriuenT Bausuaus temnepaTypsl okpyxaroreit cpensl. Ky =1 mpu
225°C<t<150°C.

Ecnm pacuernoe 3Hauenme korddummenta K, >3, To BO3MOKHOCTH Tepe-
Jaqu OyIyT UCIOJIB30BAThCSA HEJOCTATOUHO U CIIEAYET IPHHATH MEPHI 10 yJIyd-
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IIEHUIO YCJIOBHUI paboThI.

[p] — nomyckaemoe napieHue B MIapHUPAX IEMHA MTPUHUMAIOT MO OMBITHBIM
JJAHHBIM B 3aBUCUMOCTH OT Iara nenu P W 4acToThl BpallleHUs 3BE30YKH IO

Tabm1.5.2
Tabnuua 5.2
IIar nenu P, [pl, Mma npu yacToTe BpaLICHUS BEAY IUCH 3BE3A0UKH 1, MHUH|
MM 50 200 400 | 600 800 1000 1200 1600 2000 2400 2800

12,07...15,875 | 35 31,5 285 26 24 22,5 21 18,5 16,5 15 14
19,05...25.4 35 30 26 23,5 21 19 17,5 15 - - -
31,75...38.1 35 29 24 21 18,5 | 16,5 15 - - - -
44.45...50,8 35 26 21 17.5 15 - - - - - -

IIpensapurenbHOE 3HAUEHHE 1IAra OJHOPSAHON LIeTH MOXKHO ONPENeNUThb 1o popMyie

P=433T, (5.3)

Jlns TsKenoHarpyKeHHbIX OBICTPOXOJHBIX Tepenad (MPU CKOPOCTH LETH

M o o
v > 20— )IPOBOAAT pacyer AeTanel menu (IIACTHH, OCEH, BTYJIOK M POJIMKOB)
C

Ha COMPOTHBJICHUE YCTAJIOCTH, a TAaK)KE MPOBEPSIIOT YUCIIO YIApOB IENH O 3y0
3BE3JI0YKH, KOTOPOE HE JIOJDKHO MPEBHIIIATH JTOMYCTHMOTO 3HaueHUs. B 1aHHOM
MOCOOWHM ATH PACUEThl HE PACCMATPHBAIOTCA.

IlocJj1e10BaTEILHOCTH PACUYETA LEMHbIX Mmepeaay

HcxonHbie naHHbIC AJIS pacueTa:

T — Bpamarommii MOMEHT Ha BaJly BEAYILEH 3Be3104UKH, HM;
n; — 9acTOTa BPAIICHUS BEIYIICH 3BE30UKH, MI/IH_l;
U — NEePEIaTOYHOE OTHOIIECHHE
VYcnoBus SKCIUTyaTaluy METTHOM MepeIayn.
1. Berbop mpeaBapuTeIbHOTO 3HAUEHUSA I1ara OJHOPSATHOHN TEMH
P'=4353T,

[To Tabnuiie 5.1 npuHrMaeTcs Onuxaluid CTaHAAPTHBIN 1Iar ETH.

2. Onpenenenne yucia 3yObeB 7 BeAyIed 3BE3M0YKA. MUHHMAaIbHBIC
yucia 3yObeB 3Be370YEK OTPaHWYMBAIOTCS M3HOCOM IIAPHUPOB, TUHAMHAYESCKH-
MH HaArpy3kamu, a TakKe IIyMoM repenad. YeM MeHbITe Yrcio 3yObeB 3BE3/109-
KM, TeM OOJIbIlle W3HOC, HEPAaBHOMEPHOCTh CKOPOCTH JIBMXKCHHS IIETIH W BBIIIIC
CKOpOCTb yJlapa LEMH O 3BE3/I0UKY.

MuHUMAITPHOE YHCITO 3yOhEB BEAYIIEH 3BE3J0UYKH OIMPEACIISIIOT 0 SMITH-
PHUYECKOH 3aBUCUMOCTH

Z,=29-2U
MuHEMaTBHO JOMYCTHMOE YHCIIO 3yObE€B MPUHUMAIOT. TIPH BBICOKHX Yac-
TOTaxX BpameHus Zimin=19...23; cpemaux Zimin,=17...19; anuskux (n;<100 MHH'I)
Zimin=13...15. B npuBojax ¢ yaapHbIMH HArpy3KaMu MPUHUMAKOT 7 jpin>23.
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3. Uncrno 3y0beB BEIOMO# 3BE3I0UKH:

Zzzzlu

[To mMepe u3HOCA WIar LEeNW YBEJIMUYMBAECTCSA U €€ IAPHUPBI MOJHUMAKOTCS
no npoduiro 3yda 3Be3M0UKH HA OONBIINNA AMAMETP, UYTO MOXKET MPUBECTH, B
KOHEYHOM CYETE, K BBIXOAY LEMW W3 3aLEIUICHHS cO 3Be3a0ukoil. IIpu sToM
OpeAeTbHO JOMYCTUMOE YBEJIWUYCHHE Iara ey TeM MEHbIIE, 4eM OOJblle
YuCIO 3yObeB 3BE3/I0UKH, T.€. MAJIO U3HOLIEHHAA, JAJIEKO HE MOTEPABIIAsA CBOEH
MPOYHOCTH LIEMb TEPSAET 3aLEIUIEHUE cO 3Be3A04YKOr. [l0aTOMYy MakcMManbHOE
YUCJI0 3yObEB BEIOMOM 3BE3A0UKH Zpppa—=120.

Ywucmo 3yObeB BeAyIe W BEIOMOM 3BE3/I0UCK CICAYET MPUHUMATh HEUET-
HBIM, YTO B COUYETAHWU C YETHHIM YMCIIOM 3BEHBEB LIETIH CIIOCOOCTBYET PaBHO-
MEPHOMY W3HOCY IIAPHUPOB IeMH U 3yObeB 3Be3m0uek. 110 3ToM ke mpuunHe
JKEJIATEIbHO BHIOMPATh YUCIIO 3yObEB BEAYLIECH 3BE3A0UYKU U3 PAJla MPOCTHIX YH-
Ccell.

4. YTOouHEeHuE NepeIaTOYHOr0 OTHOILIEHUS

u-%
Zl

OTKIIOHEHUE MEePEIATOYHOT0 OTHOUIEHUS LIEMHOW Nepeaaun OT paHee MpH-
HATOTO (MPU KWHEMATHYECKOM pacueTe MPUBOJAA) IOJDKHO OBITh B Mpeaenax
+4%.

5. JlenuTenpHBIA THAMETP BEAYLIEN 3BE3A0UKH, MM

4P _
sin(@)
Zl
6. Okpy>KHas cuJia Ha 3BE3/10YKaX
20007,
o d

1

7. Onpenenenue koddgdunmenra sxcmryaranun K, mo ¢popmyite (5.2)

8. Ompenenenue cpeaHero AaBlieHUs p B mmmapHupax mo dopmyne (5.1).
3HauCHKE MaBJICHHS B IIAPHUPE JOJKHO HAXOIUTHCS B MPEALIIax

0.6[ p]1< p<1.05] p]

Ecnu monydeHHOE 3HAUCHUE ABJICHUS B MAPHUPE MPEBHIIIACT WIH 3HAUN-
TEJIBHO MEHbIIIE AOMYCTHMOIO, TO, H3MEHSS YUCIIO 3yObeB 71, 1miar P, psaHOCTb
LEIH WIKM MapamMeTpsl, Biaustonme Ha K,, T0OMBarOTCs BBIMOJHEHUS YKa3aHHOTO

YCJIOBHSL.
9. BeluncieHnue aeIuTeaIbHOr0 JuaMeTpa BEJOMOM 3BE3I0UKH, MM
P
d,=———
180

sin(Z—)

10. lnameTpsl OKPY>KHOCTEH BBHICTYIOB 3BE3/I0UEK, MM
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d, =P0S5+ ctg;ﬂ)

1

d, =P0.5+ ctg@)
Z,

11. Onpenenenue MeXOCEBOTO PacCTOSIHUA Q.
MuHUMAaTbHOE MEKOCEBOE PACCTOSIHUE OTPEEISAIOT U3 YCIOBHIA:
OTCYTCTBUS HHTEP(EPEHITNY (T.€. IEPECSUCHHS) 3BE3T0UCK
amin>0-5( d,*d, )

yTOOBI Yroy1 00XBaTa LEMbIO BEAYIIEH 3B€3I0UKHA ObLT OOJIbIIE 120°.

MaxkcuManbHOE MEKOCEBOE PACCTOAHUE ONPAHUYMBAIOT BEJIMUNHON
Amax=80P

OnTumMabHBIE MEKOCEBHIC PacCTOAHUA NICPCAAYN IPUHUMAIOT U3 YCJIOBHA 0JI-
T'OBCYHOCTH I CIIH

a=(30...50)P
12. Onpenenenue uncia 3B€HbEB SN

w=2Z, +2—a+A2£,
P a

_ZI+ZZ. A Z, =4,

20e Z, 5 =

2

[Tonyuennoe 3HaueHne W OKpYIJISIOT A0 ONMsKalero OOabIIEro YETHOTO
yucna, 4ToObl M30€KaTh MPUMEHEHUS B LEMHW MEHEE IMPOYHOIO MEPEXOAHOTO
3BEHA.

13. YTouHeHmne MexK0CEBOTO PACCTOAHHMS.

P
a=_0"-1Z, + 07 -Z,)" —84%)

[TonyyenHoe 3HaYEHUE HE HAIO OKPYTJIATH.

[lens momkHAa UMETh HEKOTOPOE MPOBHUCAHUE BO M30€KAHMUE MOBBIIIEHHOMN
Harpy3Kd Ha LeNb U BaJIbl OT CUJIbl HATSKEHUA U PAIUAJIbHOTO OMEHUA 3BE3/10-
yek. J{ig 3Toro npu MOHTaKe neperayr HeoOXOAUMO NPELyCMOTPETh BO3MOK-
HOCTh YMEHBIIEHUA MexoceBoro paccrosaus Ha (0,002...0,004)a.

14. BeruucneHnue cuiibl, JSHCTBYIOIIEH HA BaJIbl IEpeAaun

Fe=KGFy,

rae K; — ko3pduimenT, yauThBatOIIMA MacCy 1ENH; i TOPU30HTAIbHOM

nepeaaun npuauMarot K,=1,15; nns seprukansHoi — Kz=1,05.

Ilpumep pacyera HenHOM NMepeIayun.

HcxoaHple naHHbBIE:
[lepenaua ¢ poaMKOBOM LENBIO UCIIOIB3YETCS B MPUBOJEC LIEMHOTO KOHBEM-
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epa.
Bpamarommii MOMEHT Mo BEAyIIEH 3BE3J0YKE, PACTOJI0KEHHON HA THXO-
XOJHOM Baity peaykropa, T1=480 uwm;

UacroTa BpaieHus Beaymen 38e3104ku Ny =7 OmuH

[Tepenarounoe otHomenne U=2,1.

0
[Tepenaua pacnosoxena noAa yriaoMm 60° K TOPU3OHTY, CMa3Ka HEPETYJIAp-
Has, paboTa IBYXCMEHHAS, TIOJIOKEHUE BAJIOB TEPEIAUYH HE PETYyITHUPYETCH.

Pemenne.
1. Beibop npenBapuTeabHOrO 3HAYEHUS 11ara OAHOPAIHON LEenu
P'=4.53T; = 4.5Y480 =35.2.uu

bnwxaiimee 3HaueHKE ara ¥ COOTBETCTBYIOIIEH €MY IJIOMIAAN MPOEKIUN

mapHupa Haxoaum u3 tadm. 5.1 : P=31,75mm; A=260 MM’

2. OnpeeneHue unces 3yObeB 3BE3/10UEK
7,=29-2U=29-2%21=24 8
[Tpunumaem Z,=25
ZZZ Z1u=25*2 1=52.5
[Tpunumaem Z,=53
3. YTouHEeHue nepelaTOuHOTO OTHOIICHHUS

=312 (AU<4%)
25
4. OnpeneneHne NSIATEIHPHOTO JUAMETPa BEAyIeH 3B€30UKH
P 31.75
d = = - =253.39
: 180" 180 o

i sin(—
sin( 1 ) ( o )
5. OnpeeneHrie OKPY KHOM CHIIBI Ha 3BE3I0UKaX
20007, _2000-430

d, 253.39
6. Onpenenenue ko3 uImenTa FKCITyaTauu
K=K KKK perKonKpen Ki=1#1%1,16%1,25%1,5%1,26%1=2,74,

rne K=1 —marpyska paBaomepnas;, K,=1 (a=40P); K,=0,15 V60" =1,16;
Kper=1,25 — nonoxenune 3Be3gouek He perymupyercs; Key=1,5 — cMma3biBanne
MEePeIauYn HEPETYIISPHOE, erm:i/i =1.26; K~=1.

7. OnpeneneHue CpeaHero AaBJICHUS B IIIAPHUPAX IEMH
K,F, 2743788

A 260

(3HaueHwus [p] u3 Tabm. 5.2)
YMEHBIINUTD CpeHES AAaBICHUE B IIAPHUPAX MOXKHO JABYMS CIIOCOOAMMU:

F, = =3788H

P=

=399 Mlla>[p]=34.2Mlla

81



a) YBeIMUUTh Ynciia 3yObeB 3BE370UCK, UTO BEIET K YBEIUUCHHIO rabapu-
TOB Nepeayn. ITO MPUEMIIEMO B TOM CIIy4yae, €CJIi HET OrpaHMYeHui Ha rada-

puthl npuBoAa. Kak mokasan pacdeT 9ucio 3yObeB BEAYIIECH 3BE3M0YKH JOJDKHO
OBITh Z1=29.

6) ObecrieunTh pPETYJAPHOE KamelIbHOE CMa3bIiBaHWE IIEMTHOW TepeaayH,
Ko=1. Ilpm strom K,=1,83 u p=26,7 Mlla <[p].
BocmoaszyeMcst BTOpbIM CITOCOO0M.

8. Beiuncienue ACTIUTCIIBHOTO AUaMETpa BE€AOMOM 3BE€3I0UKH

d,= r__ 317 =538.14mm
sin(@) sin(@)
Z 53

2

9. OnpeneneHue TMaMETPOB OKPYKHOCTEH BBICTYTIOB 3BE310UCK

180 180
dy = P(05+eig—=)=31.75(0.5+clg— ) = 263 S3aun

1
d., =P0.5 +ctg;ﬂ) =31.75(0.5+ ctglsg—f)) = 54928 mu
9 J

10. Beibop pekoMeHIyeMOr0 3HAUCHHS MEKOCEBOTO PACCTOSIHUSA
a=40P=40*31,75=1270 mm
11. Onpenenenue yncsiaa 3BEHbEB LETH

*
271270 +4.462—31’75 =11925,
1270

O & a 31.75

c _AAZ, 25483 sy 4 mmn 53225
i 2 2 2 2*3.14
[Tpunumaem W=120.

12. YTouHEHNE MEKOCEBOTO PACCTOSHUSA

r . 3175
a—Z(W—Zcer\/(W—Zcp) -8A%) ===

20e 7

(120 -39+ /(120 —39)* 8% 4.46> ) = 1278 mu

[TonyueHHOE 3HAaUCHHE YMEHBIIIAEM Ha Aa = 0,003 *1278 = 3,83 am

OxkonuaresibHOE 3HaUeHE a=1274 mm

13. Cuna, neficTByIOIIas HA BAJIbI TIEPEAAUH
F=K;F=1,15*%3788=4356 H

Pacuer BaJ10B HA MPOYHOCTH

Bansl monpazaensrorcs Ha BXoaHbIE (OBICTPOXOIHBIE), BBIXOAHBIE (TUXOXO-
HbIE) W TPOMEKYTOUHbIE. BONBIIMHCTBO BXOAHBIX BAJIOB PEAYyKTOPOB BBIMOJ-
HAIOT 32 OJHO LeNoe ¢ 3yOuaTbIMM BEHLAMH (Bal-IIECTEPHH) M YEPBAKAMH.
BxonHbple M BBIXOJHBIE Bajlbl MMEIOT BBICTYMANOIIMI M3 KOpIyca peayKTopa
KOHCOJIBHBIH YYaCTOK, MPEIHA3HAUYCHHBIH MJIs COMPSKEHUS ¢ MOIyMy(TOH,
IIKABOM, 3B€3I0UYKOHU U TIp.
Ha Basnel oT 3y0UaThiX U YEPBAYHBIX KOJIEC, YUEPBAKOB, NOJIMIMITHUKOB U APYTHX
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MOCAKCHHBIX HA HUX JI€Taledl MepenatoTcsi OKPY>KHbIE, PAAUATIbHBIE U OCEBbIE
CHJIbI, CO3JIAIOILKME B MOMEPEUYHBIX CEYEHUSAX MPOJIOJIbHBIE U MOMEPEYHBIE CUIIbI,
M3rubaronue W BpaImalolme MOMEHTH. TakuMm 00pa3oM, BaJibl WCTIBITHIBAIOT
CJIOXHYIO Aedopmannio- u3ruda (pacTsKeHusA-CxaThsA) U KpyueHus. [1pomosib-
HbI€ CHJIbI CO3JAIOT B CEUCHUSAX Bajla HOPMAJIbHbIC HANPSXKCHUS PACTAKEHUA
WM CKaTuA HEOOJbIIOH BEIMYMHBI, TO3TOMY OHU B PAaCU€Tax HE YUUTHIBAIOTCS.

JleWicTBytomue Ha Bajl CHJIBI PACHPEACICHBI MO JUJTUHE CTYIHIBI, APUHE
noAmunHuKa. [Ipyu mpoeKTHOM pacueTe CUYUTAIOT 3TH CHJIbI COCPEAOTOUCHHBIMHU
U MPUIOKEHHBIMU HA CEPEAMHE IIMPUHBI 3y0Uaroro BeHIa WIM MOAIIUITHUKA.
OTH cedyeHus MPUHUMAKOT 3a pacueTHble. [lo AnuHEe Baja MecTO MPUIOKEHUs
Harpy3K 3aBUCHT OT PACIOJIONKEHHS 3y0UaThIX KOJIEC, IMKUBOB, My(T, 3BE€3/0-
yek u onop. [IpamMo3yOble NUIUHAPUIECKHUE, PEMEHHBIC, IIEMHBIC Mepeaaund 1
MyQTHI CO3TAIOT CHJTBI, JISKAIUE B MIIOCKOCTH, TIEPIICHANKYJIIPHON K OCH BaJja.
[Tocne nmpuBeAeHHUs STUX CHJI K OCH Baja MOCIEIHUN OKa3bIBAECTCS HArpyKeH-
HBIM TIOTICPEYHBIMH CHJIAMH ¥ BpaIaroimuM MoMeHTOM. Koco3yOble mumiHapu-
YECKUE, KOHUYECKUE U YEPBSIUHbBIC TIEPEIauu, KPOME CHJI, JICKAIIUX B TUIOCKO-
CTSIX COOTBETCTBYIOIIMX JI€TaleH mepenay, BhI3bIBAIOT MOSBJICHUE OCEBBIX CHIL,
MPUJIOKEHHBIX Ha 3yObsX WM BUTKax 4epsska. [IpuBeneHue 3Tod cuibl K OCH
Bajia ACT OCEBYIO (CHKUMAIOITYIO MJIM PACTIATUBAIOIIYIO) CHITy W COCPEAOTOUCH-
HbI! W3ru0aroIMi MOMEHT.

[Ipu pacuere BajioB KOPOOOK CKOPOCTEN METAJIOPEKYLIUX CTAHKOB CIEAYET
HMMETh B BUAY, UTO CHJIbI U3MEHSIOT CBOE MOJIOKEHUE BAOJb Bajia MPU NEPEKITIO-
YyeHUH OJIOKOB 3y0UaThIX KOJIEC.

6.1. MaTepuaJjibl BaJioB
Jl7is BaJIOB MPUMEHSIOT CTAJIA C IOCTATOYHO BHICOKMMH MEXAHMUECKUMU Xa-
PaKTEPUCTUKAMHU U MaJIOW YYBCTBUTEIIBHOCTHIO K KOHIICHTPAIIMH HATIPSKCHUM .
OCHOBHBIMHM MaTepHaNaMH JUTs OOJIBIIMHCTBA BAJIOB CIIY AT yTJECPOIUCTHIC
1 nerupoBanHbie ctanu 45, 40X, moaBepraeMblie yIyUIIEHHUIO.
JIns BBICOKOHArpy KEHHBIX BAJIOB, a TAKXKE JUISI BaJIOB, U3TOTOBJICHHBIX 32
OJIHO 11eJI0€ C 3y0YaThiM BEHIIOM (BajI-IIECTEPHS), TPUMEHSIOT JISTUPOBAHHbIE

cranu 40XH, 35XT°C, 20X u ap. cranm.

Jlns BasioB 6€3 TepMo0OOpadOTKH yalile NpUMEHsIOT cTaib CT. 5.
MexaHnueckre XapakTepUCTUKHA HEKOTOPBIX cTajieit nanbl B Tadm. 6.1.

6.2. Pacuer HA IPOYHOCTH

2ToT pacucT ABJIACTCA OCHOBHBIM IJIA BAJIOB IIPHUBOAOB, OH BBIIIOJIHACTCA B
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JIBa JTara.

Tabauma 6.1
Mapka Juamerp | TBepmocts | o, o, o, T, v, v,
cTaju 3arotoBku, | HB, He MiIla
MM He 00- | MEHee
Jiee
Cr5s o 00i 190 520 280 220 | 130 0 0
45 JIroboi 200 560 280 250 | 160 0 0
120 240 800 550 350 | 210 | 0,1 0
80 270 900 650 380 | 230 | 0,1 | 0,05
40X Jro0oit 200 730 500 320 | 200
200 240 800 650 360 | 210 | 0,1 | 0,05
120 270 900 750 410 | 240
40XH Jro0oit 240 820 650 360 | 210 | 0,1 | 0,05
200 270 920 750 420 | 250
20X 120 197 650 400 300 | 160 | 0,05 0
12XH3A 120 260 950 700 420 | 210 | 0,1 | 0,05
18XI'T 60 330 1150 | 950 520 | 280 | 0,15 | 0,1
30XI'T JII000M 270 950 750 450 | 260 | 0,1 | 0,05
120 320 1150 | 950 520 | 310 | 0,15 | 0,1
60 415 1500 | 1200 | 650 | 330 | 0,2 0,1

Ha nepBom srtane (ipeBapuTeNIbHBIN pacyeT) MPH OTCYTCTBHUHU JaHHBIX 00
M3rHOAOIIMX MOMEHTAX TUAMETPhI BAJIOB MPUOJIMKEHHO ONIPEACTIAIOTCS O U3-
BECTHOMY BPAILIAIOIIEMY MOMEHTY 7' W3 YCJIOBUS MPOYHOCTH MO 3aHUKECHHBIM
3HAYCHUAM JOITYCKAEMbIX HANPSIKEHUN KPYUYECHHUS.

JlnameTphbl KOHCOJBHBIX YYaCTKOB BXOJHOTO WJIM BBIXOJHOTO BAJIOB, MM:

dzl%\/%, (6.1)

rae 7 - BpalaoIui MOMEHT, IEpeaBaeMblii BasioM, H - u; [r]=(12..20) MITa.

31€Ch MEHBIINE 3HAYECHUS [r] OTHOCHTCS K BXOAHBIM BajaM, a OOJIbIINE — K BbI-
XOJTHBIM.

JlnameTp KOHCOJTBbHOM YaCTH BXOJAHOTO BaJIa, COSAMHIECMOTO C BaJIOM
3JIEKTPOABUTATENA, PEKOMEHAYyETCA Ha3HayaTh B npeaenax 0,8...1,2 nnamerpa
BBIXO/IHOTO KOHIIA BaJia JBUTATEINS TSl BOSMOXKHOCTH COCIMHEHUS BAJIOB CTaH-
JapTHOU My TOH.

JluameTphbl OCTAIBHBIX YUACTKOB ATHX BAJIOB I YI100CTBA MOCAIKHA HA Ba

MOJUIMITHUKOB Ka4eHHsA, 3y0UarbiX KOJIEC M APYTUX AETajed Ha3HA4aroTCA IO
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KOHCTPYKTHUBHBIM U TE€XHOJOTHYECKUM cooOpakeHusMm (cMm. pazaen 2.4 [15]) ¢
y4eTOM HEOOXOIUMOCTH (PUKCALIUK JETaJIeH HA BaJly B OCEBOM HAIpPABJICHUHU.

JlnameTpbl MPOMEKYTOUHBIX BAJIOB B MECTE MOCAIKU KOJIEC OMPEACIISAIOT 110
MPUBEJACHHON BhIE (POPMYJIE ¢ MOJACTAHOBKOW CPEIHEro 3HAUCHUS AOIMYyCKae-
MOTO HampsHKCHHUS.

[TonyueHHble MUAMETPBI OTACIBHBIX YYAaCTKOB Baja OKPYTJIAIOT 10 OJu-
xaimiero 3HaueHus no psaxy Ra 40 HOpManbHBIX JMuHEHHBIX pazmepoB ([OCT
6636 - 69).

10; 11; 12; 13; 14; 15; 16; 17; 18; 19; 20; 21; 22; 245 25, 26; 28; 30; 32; 34/35, 36; 38;
40, 42; 45/47, 48; 50/52; 53/55, 56, 60/62; 63/65; 67/70; 71/72; 75; 80; 85, 90, 95; 100;
105; 110; 120; 125; 130; 140; 150, 160.
HpHMeanHe: B 3HAMCHATECJIC MPUBEACHBI PA3MEPhI MOCAAOYHBIX MECT AJIsI MOAIIUITHU-
KOB Ka4€HHsl, pasMepbl KOTOPbIX AaHbl B Tadn. I1.1-11.4.

[Tocne 3TOro mpeaBapuTeNbHO pa3padaThIBAIOT KOHCTPYKIMIO BAJIOB, 00ecIIe-
YUBask YCJIOBUS TEXHOJOTUYHOCTH U3TOTOBJICHUA U COOPKH; Ha3HAYAIOT THUII CO-
€MHEHUS KOJIEC C BAJIOM (IIIMOHOYHbIE, IIUTAIIEBBIE, C HATATOM) U MTPOBOJIAT HX:
pacuer; IpeIBapUTEIbHO BHIOUPAIOT MOJIIAMHUKY KaueHus (cM. 1. 1.2 [15]) no
JUaMEeTpy Bajla U HA MWUIMMETPOBKE B MaciuTade 1:1 BBIMOJHAIOT 3CKU3HYIO
KOMITOHOBKY PEIyKTOpa Wi KOopoOku ckopoctei (cm. pasa. 1 [15]). Eciu pac-
YeThI TIEPEIay BHITIOJTHEHBI B HECKOJIBKIX BAPUAHTAX, TO AICKU3HYIO KOMIIOHOBKY
BBITIOJTHSIOT ISl BRBIOPAHHOTO ONTUMAJILHOTO BapHAHTA.

Ha BTOpOM »3Tame mpoBOAMWTCS MPOBEPOUHBINH pacueT - HA CTATUYECKYIO

MPOYHOCTh ISl PEAYyNPEKICHUS TUIACTHUSCKUX JedopMaliii U pa3pymieHuAn
MPY KPaTKOBPEMEHHBIX Teperpy3kax (HarpuMep, MyCKOBBIX) M OIEHKY COIPO-
THUBJICHHUS YCTAJIOCTH Bajla KOHKPETHOM KOHCTPYKIIMHU. 371€Ch XK€ TPH HE0O0XO-
JUMOCTH BBINIOJIHAIOT PAacyeThl HA JKECTKOCTh, YCTOMYMBOCTh M KOJEOAHUS, KO-
TOpbIE B JJAHHOM IMOCOOMU HE PAacCMaTPUBAIOTCS, HE PACCMATPUBAIOTCS TAKXKE
pacyeThl Ha CTATUYECKYHO MPOYHOCTH MIPH IIEPErpy3Kax.

Pacuer Ha compoTHBIICHHWE YCTAIOCTH MPOBOJAWUTCS B TAKOW IOCIIEIOBA-
TCJIIBHOCTH.
1. U300paxkaercs ueprex Bana (puc. 6.1,a) u moa HUM TOKa3bIBAIOT pacyeT-

HYIO CXE€MY Bajia, KOTOPBIA pacCMaTPUBAETCS KakK IUIajaKas Oajka Ha MapHUPHBIX

omopax (puc. 6.1,6). IloqmmmHauKkHA, OTHOBPEMEHHO BOCTIPHHUMAIOIINAE PaId-
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aJIbHBIE U OCEBbIE HArPy3KH, 3aMEHSIOT IIIAPHUPHO-HEMOIBHXKHBIMU OMOPaMHu, a
MOAIINIHUKHN, BOCOPUHUMAIOIIUE TOJBKO PaJUaJIbHbIC CHJIbl — IIAPHUPHO MO/~
BWOXKHBIMHM OMIOpaMu. MeCcTOMOJIOKEHHE ONOPbl MPUOIUKEHHO MOKHO MPUHSThH
MOCEPEAMHE IMUPUHBI MOMIUNHUKA. Ha pacueTHyrO0 cXeMy HAHOCSAT BCE CHJIBI,
Harpy>kKarolue Bajl, NpUBOAS IJIOCKOCTH X ACUCTBUS K ABYM B3aUMHO TEPIEH-
JTUKYJISIPHBIM TIOCKOCTSAM (TOPU30HTaNbHOM ZOX W BepTuKaabHON Z(0y).» [lpn
3TOM CHWJIbI, IJIOCKOCTh ACHCTBHS KOTOPBIX HE COBMAAACT C YKAa3aHHBIMHU ILIOC-
KOCTSIMU, PACKJIaJbIBAIOTCS HA TOPU3OHTAIBHYIO M BEPTUKAJBHYIO COCTaBJISIO-
ume. Ha puc. 6.1,6 nokazana cxema Harpy»keHus Baja CHUJaMu B LWJUHIpUYE-
CKOM KOCO3yOOM 3allCIJICHUH U CWJIOH, JNEHCTBYIONIEH HAa KOHCOJBHYIO 4YacThb
Baja.

Ha puc. 6.2 npencrapiieHsl Hanboaee paCHPOCTPAHCHHBIE CXEMbl Harpyke-
HUA BAJOB PEAYKTOPOB, KOTOPbIE CTYJICHTHI MOTYT MCIOJIb30BATh JJi1 COCTaB-

JICHHUA pacquHoﬁ CXCMbI KOHKPCTHOI'O Bajla CBOCIO 3adaHHAA.

2. OnpenensroTcst CUIIbI, ASHCTBYIOIINE HA BaJl.
3HaUuCHUS CHII B 3AICIUICHUH OMPEICIICHBI MPHU PAacueTe COOTBETCTBYIOIIHMX

nepenad (cM. pa3a. 2 u 3). Hampasierue OKpyKHBIX CHJI 3aBUCUT OT HarpaBJie-
HUS BPAICHUS W OT TOTO, SBJIACTCS KOJIECO BEAYIMM WA BeIOMBbIM. Pannass-
HbI€ CWJIbl HAIPABJICHBI MO PAJIAYCy K LIEHTPY paccMarpuBaemMoro koseca. Ha-
MIPaBJICHUE OCEBOW CHITBI 3aBUCUT OT HAITPABJICHHS BpAIICHUS, HAITPABJICHUS Ha-
KJIOHA 3yObEB KOJIECA M OT TOTO, SBJISAETCS KOJIECO BEAYIUM WK BenombiM. Ha
puc. 6.3 u 6.4 peaCTaBJICHBI CXEMBbI JUISl ONMPEACIICHUS CUI, TEHCTBYIOIIMX Ha
BaJIbl OT MPAMO3YOBIX ITMIMHAPHYCCKUX Tepeaad peaykTopos (6.3.a - 1Byxcry-
nendaroro, 6.3,6 - coocHOTO) M KOpoOoK ckopocTeit. Ha puc. 6.5 mokazana pac-
YEeTHAS CXEMa | JMMIOPHI H3TUOAIONIMX MOMEHTOB MPOMEKYTOYHOTO Bajia KOPOO-

KM CKOpOCTe no puc. 6.4.

B kauecTBe KOHCOJNIBHOM HArpy3Ku F, MOTYT OBITh:
- pamuanbHasA cWiia F, OT COCMUHUTENBHOM MYy(ThI, KOTOpPas BO3HUKACT B

pe3yJibTare MOrPEITHOCTeH MOHTaXa, OIMTMOOK M3TrOTOBJICHUS U HEPAaBHOMEPHO-
ro H3HOCa eMeHTOB My(Thl. HampapieHue 1ot cHItbl
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f3y

F 2X Fgr

1 é; &

R
Fox

Fex = Fs COS Y2

Fey = F2 8in 2
Fx = F €05

2 /Mx/ Ry = 5 sinds

Fy | R
2y
Riy 4 Fzy }

|
My
L

Puc. 6.5.

HE M3BECTHO, T.K. 3apaHee HE U3BECTHO HAIPaBJICHUE BO3MOXKHOIO CMe-
mieHus Bajios mpu coopke. [lorToMy HampaBieHue CHIbl [/, IPUHUMAETCS Ta-
KWM, 4TOOBI OHA YBEIMUMBAIA Ae(OPMALIMK U HAMPSKEHUS OT JEHCTBYIOLINX HA
BaJI CUJIL;

- paguajibHas CHJIa OT UETHOW [, WM PEMEHHOW [, mepenad, Hampas-
JIEHHAS BJIOJIb JIMHUM LIEHTPOB 3BE30UYEK WJIN IIKUBOB;

- CWJIBI 3aLETJICHUS OTKPBITHIX LIUIUHAPUYECKUAX UIIM KOHUYECKUX 3y0Oua-

TBIX IIepeay.
Ecnu B KOHCTPYKIIMH PUMEHSIOTCS YIIPYTHE BTYJIOYHO-TIAITBIIEBBIC MY (-

o1 (MYBII) mnmu ynpyrue mydtor co 3Be3moukoit (tadmn. I1.5, I1.6), To cuny F,
OTNPEACIISIOT 1O hopMyJIe
F,=50T, (6.2)
rae 7 - Bpamiarommii MOMEHT Ha Bary, H.M.

Jns apyrux Tunos mydr (tabdm. I1. 7, I1.8)
F, =025F,, (6.3)
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20007

rae F,, = - OKpy>kHasa cuna Ha mydre, H; D, - paboumii nuametp

M

MydTHI (T eTTHOW MY(THI, HAIPUMEP, 3TO TUAMETP JACIUTEIBHONW OKPY KHO-
CTH 3BE3/I0UKH), MM.
Cuny F,, NeHCTBYIOILYIO Ha Ball OT LEMHON IEPENayuu, ONPEAEIIAIOT MO

3aBUCUMOCTH

F,=K,-F, (6.4)

rae K, - Ko3puuuenT, yauTeBalONMA HATHKEHUE LENH OT €€ MAacCCHI.

k, =115 - JUI1 TOPU3OHTAIBHON mepenaun; K, =1,05 - 1id BEPTUKAIbLHOU Iepe-
20007

naum; F, = - OKpy»Has cuia Ha 3Be3nouke, H; d,, - nmameTp aenurens-

38

HOM OKPY>KHOCTH 3BE3J0UYKHU, MM.
Cuny F, NeHCTBYIOIIYIO Ha Baj OT PEMEHHOM Tepeaau, NMpuOIHKEHHO

OoNnpCaACIIArOT IO 3aBUCUMOCTH

F, -sin(a, /2) 095F,
F, = fposin@/2) 095k, 6.5)
v v

20007
rne F, = OKpY KHas cujia Ha mkuse, H; 4 = - JUaAMCTP HIKHMBA, MM,
tp > > WK > >

w
@, - yroja o0xBara Ha MaJioM LIKHUBE;, y = 0,5 - AJs MJIOCKOPEMEHHON NepenauH;
w =0,7 - I KIMHOPEMEHHON NEPEIAYH.

3. OnpenensitoTcsa OMOPHbIC PEAKIMH U CTPOSITCA SMIOPHI M3THOAOIINX
MOMEHTOB.

3Hag pacCcTOSTHUE MEXIY OMOPaMU BAJIOB M MECTA MPHUJIOKECHUS HATPY30K
(M3 KOMIIOHOBKH), TTO U3BECTHBIM TMPaBUJIaM COTPOTHBIICHUS MaTePUaJIOB OMpe-
JENAI0T Peakiy 00X OMOp B TOPU3OHTAIBHONW M BEPTUKAIBHOMN MIIOCKOCTSX.
OnopHbI€ peakiuu OT KOHCOJIBHBIX HArPY30K OMPENENOT oTAeabHO. CyMMap-
HBIC PEAKIIMU Ha OMOPAX OMPEACTIAIOT KaK

R=\R}+R. +R,, (6.6)

rae R, u R, - COCTaBJAKOLINE OTMOPHOW PEAKIUU, HAINPABJICHHBIE COOT-

BeTcTBEHHO 1O ocsiM OX u OY; R, - cocTaBiAoOmIas ONOPHOW PEaKLUH, BbI-
3BaHHAsA JICUCTBUEM KOHCOJIbHOW HATrPY3KH.

CyMMapHbI€ OMOPHBIE PEAKLHH HCIOIB3YIOTCS B KAUECTBE PAJAMATIbHBIX
HArpy30K MPH pacyeTe NOAMMIHUKOB KaueHUS.

[TocTpoenue >mOp U3rHOAOIMMX MOMEHTOB MPOBOAUTCS MO PACUETHOMN
CXEMOW B KaXKJOW W3 JIBYX B3aWUMHO MEPIECHIUKYJIAPHBIX ITUIOCKOCTEN MO TMpa-
BWJIAM COMPOTHUBJIEHUA MATEPUAIOB. DMIOPAa MOMEHTOB OT JACHCTBUS KOHCOJIb-
HBIX Harpy30K CTPOUTCS OTAEIBHO.

OnpenenstoT HanboJIbIIIee 3HAYEHUE CYMMApPHOTO U3ru0aroiiero MoMeH-
Ta B CCUCHUH BaJia (3TO CEUCHHUE CUMTACTCA OMACHBIM, T.€. B ’TOM CEUCHHH MO-
KET MPOU3OUTH yCTATOCTHOE PA3PYIIICHHE)

M_ :,/Mj +My2 +M (6.7)

92



rne M. uM, - M3ruOar0IUe MOMEHTHI B PAaCCMaTPUBAEMOM CEUECHHUH CO-

OTBETCTBEHHO B TOPU3OHTAIBHOU (CM. puc. 6.1,B) U BEPTUKAIBHON TUIOCKOCTSIX
(cM. puc. 6.1,1); M, - m3rubaromuii MOMEHT, BBI3BAaHHBIW JCHCTBHEM KOHCOJIb-

HOW Harpy3ku (cM. puc. 6.1,1). MHOTIa TS BBISBIICHHS OMACHOTO CEUCHUS pac-
YET CYMMApHOIO0 MOMEHTAa M _, TPUXOAUTCA TMPOBOAUTH Il HECKOJBKUX CE-

YEHUH.

4. Pacuer Ha COMPOTUBJICHHE YCTAJOCTH BBHITIOJHSIIOT KaK MPOBEPOUHBIH
JUISL ONpeaeNieH!s pacueTHOTO Kod(uIMeHTa 3amnaca NpoYHOCTH M0 YCTAIOCTH
B ONACHOM CEUEHUH Baja.

OTOT pacyeT OTpaKaeT XapakTep M3MEHEHHS HaNpsHKEHUH, KOHIICHTpa-
LU0 HANpsKEHUH, BIUAHKUE aOCOIOTHBIX Pa3MEpOB, IIEPOXOBATOCTU MOBEPX-
HOCTH M MOBEPXHOCTHOTO yrmpouHeHHs. Pacder BeayT mo HambOousblei neicT-
BYIOIIIEH Harpy3ke ¢ yueToM pekuMma HarpyxeHus (cMm. puc. 2.1). [eiicTyto-
1€ Ha BPAILAIOIIMECS BaJIbl HATPY3KH BBI3BIBAIOT B X CEUCHUSX LIMKIMUECKUE
(mepeMeHHbIC) HAMPSXKEHUS N3rH0a, U3MEHSIOIINECS 0 CUMMETPUYHOMY ITUKITY
U HanpsHKEHUs KPYUEHHsI, KOTOpPbIE B PacyeTax YCJIOBHO MPHUHATH H3MEHSIO-
HIUMHCS TI0 OTHYJIEBOMY LIMKITY.

Jlns omacHOro cedyeHws Baja PacueTHBIM KOI(PPUIMEHT 3amaca MpouHO-
CTH OTIPEACTAIOT 10 popMyJie

g S, St

82 +S:

rae S, - ko3pUIHMeHT 3amaca 1Mo HanpsHKEHUSM U3ruoa,

§ =— 2% (6.9)

a 2
KOD 'o-a +l//aam

>[$]=15..2,5, (6.8)

JUTSI CAMMETPUYHOTO IIMKJIAa U3MEHEHUS HaNpshKeHUi u3ruba o, =0,
[IOATOMY

s =1k (6.10)

ag
KOD ’ Ja
S, - koadpuLmeHT 3amaca no HAMPSHKCHUAM KPYUCHHS,
T,°K
S, = — : (6.11)
KTD 'Ta +l//z"Tm

B stux dopmynax: o ,,7, - mpeneasl BRBIHOCIUBOCTH TJIAJAKUX 00pasioB

, 4.10°
MIPH CHMMETPAYHOM IHMKJIe W3ruba u kpydeHus (tabmn. 6.1); «x, =9 T KO-

3 PHUITUEHT TONTOBEYHOCTH, YUMTHIBAIOIIMN PEXKUM HATPYKECHHUS H CPOK CITYXK-
ObI; 3HaYCHHE KOA(PPHUITUCHTA JISKUT B TIpeaenax 1<x, <17, IpH MOCTOSHHOM

pexknMe Harpyxenus (cMm. puc. 2.1,a)

N=60-n-1,, (6.12)
U MIEPEMEHHOM pekume (cM. puc. 2.1,0)
N=N,=60-n-L,(c, +a, 3, +a,p; +..), (6.13)

ecma N, >4-10°, TO IPUHUMAIOT «, =1.
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0,,7, - NICPCMCHHELIC (aMHJ'II/ITYI[HBIe) COCTABJIAIOIHNC IMHUKJIA U3MCHCHUHA

HaMPsHKEHUH TPU U3rH0€ U KPYUYEHHH COOTBETCTBEHHO,
10°-M 10°-T
= = , (6.14)
w, 2W,

< " 3
3aecs W, , W, - OCEBOU U MOJIAPHBIM MOMEHTBI COIIPOTUBIICHUS, MM, JJIA

g

3
Bajia CIUIOIIHOTO KPYTJIOrO TOMEPEYHOTO CEUYCHHS THaMeTpoM o, MM~ (pHC.
6.6,a).

Puc. 6.6
d’ 7w’
T 327" 16”7 ( )

JUIs Bajla, OCJIabJIEHHOTO KAHABKOM It OJHOW CTaHAAPTHOM IIMOHKHU C
pasMepamu b x h (puc. 6.6.0), MM,
md®  bh(2d —h)® |

w, = > TR (6.16)

3 732
y, L By 617

AJIAd BaJla — H.IeCTepHI/I (CequI/Ie 10 IJ_IeCTepHe), MM3,

T (da —l,8mn)4

W, -2 Lo Bn) (6.18)
al

T (da _178’/nn)4

W, =L Lo S (6.19)

al

JUTA [ITUIEBOTO Bajia, UMEIOIIETO z MNUIMIEB IMPUHOW b (puc. 6.6, B),
W, ompenaensiercs no tabn. 6.2; w, =2w,;
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Tabnuna 6.2

a Cepus (no TOCT 1139 — 80)
MM Jerkas cpeHss Tsxenas

D, |b, |z |W,, D, |b, |z |W,, D, |b|z |w,,

MM | MM MM MM | MM MM MM | > MM

M
M

18 22 |6 4 |686 22 |5 6 |741 23 |3 |10 [790
21 25 |6 4 1102 25 |5 6 | 1081 26 |3 (10 (1131
23 26 |6 6 |1367 28 |6 6 |1502 29 [4 |10 [1530
26 30 |6 6 |1966 32 |6 6 |2100 32 |4 (102190
28 32 |7 6 |2480 34 |7 6 |2660 35 |4 (10 | 2720
32 36 |6 8 (3630 38 |6 8 [3870 40 |5 |10 [4190
36 40 |7 8 5130 42 |7 8 5660 45 |5 |10 [5710
42 46 |8 8 [ 8000 48 |8 8 8410 52 |6 |10 |8220
46 50 |9 8 (10460 |54 |9 8 [ 11470 |56 |7 |10 {11910
52 58 |10 |8 [15540 |60 |10 |8 |16130 [60 |5 |16 |16120
56 62 |10 |8 |[18940 |65 [10 |8 [19900 |65 |5 [16 | 19900
62 68 (12 |8 [25800 |72 (12 |8 [27600 |72 |6 |16 |27600
72 78 |12 10 {40300 |82 |12 1043000 |82 (7 |16 |42300
82 88 |12 10 {57800 (92 |12 1060500 (92 (6 |20 | 56500
92 98 |14 10 | 81300 |- - - |- - - |- -
102 |- - - |- - - - |- 1158 |20 | 119200
112 | 120 |18 10| 148800 [ 125 |18 10 [ 156300 [ 1259 |20 | 156600

o,,7, - TIOCTOSIHHBIC (CPEIHWE) COCTABJISAIONNC IUKIIA W3MCHCHHUS Ha-

NPsKEHUH TPy U3rnde U KpyUeHUH COOTBETCTBEHHO o, =0,7,, =7, ;

w.,v, - KOd(PPUIIMEHTHI, XapaKTepU3YIOIHUE YYyBCTBUTEIBHOCTh MaTe-
pHajia K aCHMMETPHUH [MKJIa HANpsoKeHui (Tadm. 6.1);

KoK - cyMMapHbie KO3(PPHUIMEHTHI, YUUTHIBAIOIINE BIUAHUE BCEX

(hakTOPOB HA COMPOTHBJICHUE YCTAIIOCTH COOTBETCTBEHHO MPH M3THOE M Kpyde-
HUW,

>

Ko :(K—U-FKF —lj%;xﬂj :{K, +Kp —lji; (6.20)

Ky 4 Ky Ky

k,,x, - dpdexTruBHbIe KOADPUITUEHTH KOHIEHTPAMN HAMPSHKCHUH TPH

g2’ ' T
n3rude M KPydeHHUH COOTBETCTBEHHO, ONPEASsoTcs mo Ttabn. 6.3, 6.4 B 3aBu-
CHUMOCTH OT BHa KOHIICHTPATOPOB HAIPSHKCHUH.
Jlns Bajia, IMEIOIIETO CTYNEHYATHIA TIEPEXo/] ¢ ranTenbto (puc. 6.6,a) pa-
JMyca 7, 3HaueHus Kod(PuineHToB nansl B Ta0M. 6.3 B 3aBUCHMOCTH OT TIpe/ie-
Jla POYHOCTH MaTepuajia ¢, W OTHOILIEHUW r/d wu t/r. Beicory OypTuka ¢ u

pamuyc TITENH r MTPUHAMAIOT B 3aBUCUMOCTHU OT JUaMETpa d MOCAAOYHOU I10-
BEPXHOCTH:
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d, MM
[, MM
r, MM

1o 30
2.5
1,5

32..40

3,0
2,0
JIns Baja, UMEIOIIETo MMOHOYHYIO KaHaBKy (puc. 6.6,0), numuisl (Win

42...50

3,5
2,0

52...70

4,0
2,5

71...85

5,0
2,5

¢B. 90

6,0
3,0

3yObsi Bajia-mecTepHu) (puc. 6.6,B) wim pe3nOy, 3HAUCHUS KOIPPHUITUCHTOB
MPUBEICHBI B TA0. 6.4.

k, - Ko3(pHUIMEeHT BIUSHUSA aOCOIFOTHBIX Pa3MEPOB MOMEPEUHOTO CeUe-

HUA Baja (tabmn. 6.5); x, - KOdPPUIUEHT BIUSHUS IIEPOXOBATOCTH TMOBEPXHO-
ctu (1abn. 6.6); x, - k03pUIIMEHT BIUSHUS YIIPOUYHEHUS, BBOAUMBIN TS BaJIOB

C MMOBEPXHOCTHBIM yNpouHeHHEM (Tabim. 6.7).

Tabmuma 6.3
Koad- | o,, rl/d
dume- | MT1a | 0,01 10,02 10,03 {005 [0,1 0,01 [0,02 [0,03 [0,05
CHT Ilpu ¢/r =1 Ilpu ¢/r=3
500 [1,35 [1.45 [1,65 [1,6 [1.45 |19 [1,95 [1,95 1,97
600 [138 [147 [1,67 [1,64 [1,5 |1,94 [2,02 [2,03 [2,03
700 (14 [1,5 |17 |17 1,55 |20 |21 |21 [212
800 [1.41 [1,52 [1,76 [1,73 |1,61 [2,03 [2,13 [2,14 [2.16
900 [1.45 [1,55 [1,8 |18 [1,65 |21 [22 [225 [226
K, 1000 [1.45 [1,57 [1.83 [1.83 [1,72 [2,12 [2.25 [2.28 [2.30
1200 [ 1,49 |16 [1,92 [1,93 [1.83 [221 [237 [245 [2.44
Ilpu t/r=2 Ilpu ¢/r=5
500 [1,55 [1,8 1,8 [1,75 | - |21 [215 | - -
600 [1,57 [1.85 [1.88 [1,82 | - 2,17 [223 | - -
700 [1,6 [1,9 [195 [19 - 225 |23 - -
800 [1,62 [1,94 [1,99 [1,95 | - [228 [238 | - -
900 [1,65 [2,0 [2.,05 [2.0 - 235 245 | - -
IIponomxenue Tabm. 6.3
Koad- | o,, r/d
dumm- | MI1a | 0,01 (0,02 10,03 10,05 [0,1 0,01 [0,02 [0,03 [0,05
CHT Ilpu t/r=2 Ilpu t/r=>5
1000 | 1,67 [2,07 [2.11 [2.07 | - [239 [252 | - -
1200 | 1,72 [2.15 [223 [209 | - [25 [266 | - -
k, |Ilpwm t/r=1 Ilpn 1/r=3
500 1,28 135 |14 143 [138 [1,55 |16 [1.65 |1,66
600 [1,29 [1,35 [1.42 [144 139 [1,59 [1,66 |1,67 |1,68
700 [1,3 1,35 [145 145 |14 |16 |17 |17 [1.71
800 |13 |14 145 [147 [143 [1.64 [1,72 [1,73 | 1,74
900 [1,3 |14 [145 |15 145 |1,65 [1,75 [1,75 [ 1,76
1000 [ 131 [14 [148 [151 [146 1,68 [1,79 [1.8 |18
1200 [132 [1.4 [1,52 [1,54 |15 [1,73 [1.86 |19 [1.88
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k, |llpmt/r=2 Ilpu ¢t/r=5
500 |14 1,55 | 1,55 | 1,55 - 122 |21 - -
600 |14 1,57 | 1,57 |1,57 - 224 2,12 - -
700 |14 1,6 1,6 1,6 - |23 [2,15 - -
800 [1,43 |16 1,61 |1,62 - 237 [2,22 - -
900 [1.45 [1,65 |1,65 |1,65 - |24 [2)25 - -
1000 | 146 | 164 |1,66 |1,68 - 248 [2.31 - -
1200 | 147 |1,7 1,71 | 1,74 - 126 (24 - -
Tabnuna 6.4
o,, Mlla Tun koHUEHTpaTOpa

8

[[Imonounast kanaska | [Ilmuiier, 3yObs Baja- | Merpudeckas pe3nda
IMIECTEPHU
K. K, K, K K, K,

500 1,38/1,6 |1,4 1,45 2,25/1,43 | 1.8 1,35
600 1,46/1,76 | 1,54 1,55 2,36/1,46 | 1,96 1,54
700 1,54/19 |1,7 1,6 2,45/1,49 |22 1,75
800 1,62/2,01 | 1,88 1,65 2,55/1,52 | 2,35 1,9

900 1,69/22 2,0 1,7 2,65/1,55 2,5 2.1

1000 1,77/2,26 | 2,22 1,72 2,7/1,58 |2,61 2,22
1200 1,92/2,5 2,39 1,75 2,8/1,6 2,9 2,39

* B uncnuTene NpUBEACHBI 3HAUCHUS T KaHABOK, MOJYUESHHBIX JTHUCKO-
BOH (ppe30ii, B 3HAMEHATEIIC — MAIbIICBOM.
** B upcnuTene MPHBEACHBI 3HAYCHHS JUIS BAjJOB C MPAMOOOYHBIMH
IIUTMIIAMU, B 3HAMEHATENIE — IS SBOJIBBEHTHBIX IIIUIICB W 3yObEB BaJjia — IIeC-

TEPHHU.

Tabmuma 6.5
Hanps:xennoe co- 3HaueHue K, MpU JUaMeTpe Baja
CTOAHUC U MATEPU- | 15 | 20 30 40 50 70 100 200
an.
N3rub mns yromepo- | 0,95 1092 0,88 | 0,85 | 0,81 | 0,76 | 0,70 | 0,61
JIMCTBIX cTajiei
H3rub s BeICO- 0871083 0,77 | 0,73 | 0,70 | 0,65 | 0,59 | 0,52

KOMIPOYHOM JIETH-
POBAHHOW CTajlkd U
KPYUYEHHE JJIs BCEX

cTajien.

> >

2 >

2

2

2 2
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Tabnuua 6.6

MexaHndeckast 3nauenne kodxddunuenta K, npu o,, Mlla
oGpaboTka 1mo- | 500 600 700 800 900 | 1000 | 1200
BEPXHOCTH
[TommpoBanue 1,0 1,0 1,0 1,0 1,0 1,0 1,0
[ osanne 1,08 1,09 1,1 1,11 1,12 1,14 1,18
Tonkas 06- 1,11 1,12 1,16 1,19 1,22 1,25 1,28
TOYKA
I'pybas o6- 1,18 1,22 1,25 1,3 1,37 1,43 1,49
TOYKA
Tabnuma 6.7
Bua ynpounenus Kosdpdumment K, mia o6pas3iioB nuamerpom
30...40 mm.
bes xonmnenTpaun C KoHIEHTpaIel Ha-
HaIPSOKCHAH MPsDKEHHAH *

[ToBepxHOCTHAsA 3aKalika 1,2...1,5 1,5...2,5
c Harpesom TBY
A30oTHpOBaHWE TIPH TITY- 1,1...1,15 1,3...2,0
oune cimos 0,1...0,4 mm,
TBEpAOCTH cinos HB
730...970
LlemenTanus mpu riryOu- I,1...1,5 1,2...2,0
He ¢jios 0,2...0,6 Mm.
OO0KkaTka pOJIMKOM 1,1...1,25 13...1,8
O06myBKa 1poOBIO 1,1...1,2 1,1...1,5

* BonpIime 3HAYCHUS TIPH OOJIBIIICH KOHIICHTPAIIMH HAMIPSHKCHHMH,

Tabmuma 6.8

Hunametp K, /K, nmpu o,, Mlla K,/K, npu o,, Mlla
Basa d MM [ 500 700 900 1200 500 700 900 1200
30 2,5 3,0 3,5 425 1,9 2,2 2.5 2,95
50 3,05 | 3,65 4.3 52 2,25 2,6 3,0 3,5
100 m 60- | 3,3 3,95 4,6 5,6 2.4 2.8 3,2 3.8
Jee

B cnydyae ycraHOBKM Ha Basl 3yOuaThixX KOJIEC M APYTUX ACTANICH MO Mo-
caake ¢ Harsarom (Hampumep, H7/p6, H7/r6 u T.1.) mo Tabn. 6.8 onpenenstor

oTHOIIeHUsI Ko /Kd w Kt/Kd . DTH ke 3HAaUeHUA OTHOIICHUH CIeayeT MPUHH-
MaTb B MECTE ITOCAAKH KOJICL IMOAIIUITHUKOB KaU€HUS.

Ecnmu B paccMarpuBaeMoM CEYEHUH UMEETCA HECKOIBKO KOHLIEHTPATOPOB
HaMpPsHDKEHUH, TO YUYUTHIBAIOT JIUIb TOT, Y KOTOPOTO OTHOIIEHUE Ko /Kd 00mb-

mie.
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B Tex cnywasx, xorjaa mojaydeHHOE B pacdere 3HaueHWe Kod(pHuIlMeHTa
3armaca MPOYHOCTH MEHBINE JOMYCTHMOIO, HEOOXOAUMO JHOO YBEIHUYHTH pas-
MEphI TONEPEUHOr0 CEYCHHs Bajia, JUOO KOHCTPYKTHBHBIMH M TEXHOJIOTHMYE-
CKUMH CPEICTBAMH MOHHM3HMTh KOHIIEHTPALMIO HAMPSOIKEHHM WA HMCIOIb30BATh
MOBEPXHOCTHOE YIPOYHEHHE KAK CPEACTBO IMOBBIIMICHHS COMPOTHUBICHHS yCTa-
JIOCTH.

6.3 IlpuMep pacueTa BHIXOJHOT0 BAJIa LIMJIMHAPUYECKOT0 ABYXCTY-
MEeHYATOr0 PeayKTOpa.

HcxoHbie TaHHbBIE:

Cuibl, IEHCTBYIONIME HA BaJl OT KOCO3yOO# NUJIMHIPUYECKON mepenayun
(ompeneneHsl Mpy pacueTe nepenaun), H:

OKpYy>KHas - F, =10350 - I€HUCTBYET B BEPTUKAJIBHOMN MIJIOCKOCTH,

panuanbHad - F, =3860 U oceBas - F, = 2307 (IEHCTBYIOT B TOPU30OHTAIIb-
HOM TUTOCKOCTH);

Bpamatomuii MoMeHT Ha Basty, Hm - 77=1950;

YacToTa BPAIEHHS BATa, MHH ' - 7 = 241

JlnameTp AeIuTENbHON OKPYKHOCTH 3y04aToro KoJjieca, yCTaHOBJIEHHOTO
Ha Bally, MM - d, = 401,64 ;

Pexxum Harpyxkenus — nepemMeHHsi; o, =0,2; a, =0,5; a, =0,3; B, =038,
B, =06;

TpeGyemsiii pecype, u - L, =17082 ;

JlnameTp Bana noja MOAIIUIHUKH, MM - d,, =75,

JlmameTp Baja 1o Kojaeco, Mm - d, =85,

Paccrosanune mexay onopamu Bana, KOOPAMHATHI TOYEK MPUTIOKEHUS CUIT
ONPEAENAOTCA IO SCKU3HOM KOMIIOHOBKE pEeAyKTOpa: a =100 MM; =150 MM,
¢ =100 MM.

BrIxoaHOM Ball pelyKTopa COEAMHEH C MPUBOIHBIM BaJIOM HCIIOJIHUTENb-
HOTO MEXaHM3Ma YNPYrod My Toi o 3BE3T0UKOM.

[TocmenoBaTeabHOCTH pacucTta

1. OnpenensieMm paguaabHYH CHIy OT MY(THI, ACHCTBYIOIIYIO Ha KOH-
COJIbHBIN y4acTOK BaJia 1o opmyiie (6.2)
F,, = 504/T = 5041950 = 2208 H;
[IpuHUMaem nericTBHE 3TON CHUJIBI B BEPTUKAIBHON TIOCKOCTH (KaK U CH-
76l [,) HaTMIpaBJICHHOW HA yBeNMWUYeHHUE AeOopMaIliy Bajia OT CHUIIBI F, .
Hcnonmb3ys 3CKM3HYIO KOMIIOHOBKY PEIYKTOpa, COCTaBISIEM PACUETHYIO
cxeMy Baja (puc. 6.7, a).
OnopHbIe peakiny B TOPU30HTATIBLHOM MIIOCKOCTH (CM. puc. 6.7, 6):
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ZMA:O; Fr-a+Fa-%—RBX(a+6):OJ

Otkyna
d 0,4

Foa+F %2 3860.01+2307. 220104

Ry, = Z - Z__ -3397 H.
a+e 0,1+0,15
d
> M, =0 RAX(a+6)—Fr-8+Fa-72:O,
d 0,40164

I 6—F =2 3860-0,15-2307=

R, = 2 - 2 —463 H.
a+e 0,1+0.,15
[IpoBepka MpaBUILHOCTH OMPEACTICHUS PEaKLIUNA:
S F, =0 R, —F. +R,, =463-3860+3397=0.
OnopHbie peakui B BEPTUKAIBHON MIIOCKOCTH (pHC. 6.7,B)

ZMA:O; F,-a=Ry (a+6)=0,
Otkyna

F, 10350-0,1
Ry =——%— ~ 4140 H;

a+e 0,25
> M, =0 R, (a+e)-F -6=0,

F, 10350-0,15
R, =2~ > ~ 6210 H.

a+e 0,25
[IpoBepka MpaBUILHOCTH OMPEACICHUS PEAKLIUNA:
SF, =0, R, —F +R,, =6210-10350+4140 = 0.

OnopHele peakuuu ot cuitel F,, (puc. 6.7, 1)
> M, =0 Ry la+e)-F, (a+e+c)=0,
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Yl . £
A Y )/ 8 z
N
ot Q=100 B=150 C=100 a)
fa
F
4
fe

lopusoHmaneHasa naockocms \xoz

Qy& L 22 0)

BopmukaneHaa naockocms Yoz

-53-,; - 4 8)
|

to
Eia!
N

Rax

509,6,

Ras o Rey
e
L y F
- M leM M
4 i Zy 2)
Raw )
W
883
M 2208
Puc. 6.7.
Orkyma R, = Iy (a+b+c) 2208-035 30914 ;

a+b 0,25
Y M, =0R,, - (a+b)-F, -c=0,
_Fy-c 2208-01
M arb 0,25
[IpoBepka: ZFy =R o — Rpyp +F,, =883 3001+ 2208 =0,
6. CyMMapHbIe peakiuu B onopax (IPUBEACHHBIE B OJHY MJIOCKOCTb), KO-
TOpbIe OyAyT WCIOJIb30BAHBI B KAueCTBE PaIUAIBHBIX HArpy30K TpH BHIOOPE
MNOJAIIUITHUKOB KAUEHUA:

R, =+R% +R%, +R,, = /4637 + 6210 +883 = 7T110H ;
R2, +R2, +R,, =+/3397% +4140° +3091=8446H .

7. U3rubarorye MOMEHTHI:
B FOPU30HTAIBHOM IJI0CKOCTH (CM. puc. 6.7, 6):

=883H .
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M7 =-R, 2,0z <a);

M} =0M;  =-R, -a=-463-01=-463H - m;

MZ =—R, -2,,(0<z, <b);

M} =0,M} , =—Ry -b=-3397-015=-509,6H - u.

B BEPTUKAJIBHOU TIJIOCKOCTH (CM. puc. 6.7, B):

Mi =-R,, -z,(0<z,<a);

M} _,=0;M} _,=-R, a=-6210-01=-621H -u.

W3rudaroIMKe MOMEHTHI OT CHITHI F,, (cM. puc. 6.7, T):

MZ =-F,-z,,(0<z,<¢)

MY =0,M} . =-F, -C=-2208-01=-2208H -

u3rubaromuii MOMeHT B ceueHuu C (1o Kojiecom):

MY =-R, -a=-883-01=-883H .

8. CymMmapHbIit M3rudaroIii MOMEHT B CEUCHHH T1OJ] KOJIECOM (CEUCHHE
C — manboJiee Harpy>>XEHHOE)

My =(MEV + (M2 +02 = 5096 +621° +88,3 = 891,6H - u

9. Ilpunumaem: marepuan Baia — craiab Ct. 5 (tabn. 6.1);

o, =520MIla,o | =220MIla,r | =130MIla;y =0,y =0, MeXaHW4yeckass 00-
paboTka Bajia - TOHKas 00TOUKa; BaJ HE MOJABEPraeTcs MOBEPXHOCTHOMY YIIPOU-
HEHUIO.

10. Pacuér Ha CONpOTHUBJICHUE YCTAJIOCTH.

Jlna onacHoro ceuenus Bana (ceuenue C) pacueTHwid ko3dduiMeHT 3a-
naca mpouyHOCTH omnpeaensercs mo ¢popmyne (6.8), a koapduiuentsr S, u S, Mo

dbopmynam (6.10) u (6.11) coOTBETCTBEHHO:

O K T K _ _
S, = S, = , TK. v, =y, =0.
KO Kp T

a

a

Koagdumment qonroseunoctu

4-10°
KL = >
NE
rac
N,=60-n-L,(a, +a, 3, +a,f;)=60-241-17082(0,2+0,5-0,8” +0,3-0,6") = 6,7-10°;

T.K. N, >4-10°, 10 K, =1.
Cymmaphabie kodhdunmentst K, U K, ONpenensioTcs mo ¢popmyam

(6.20). B »tux dopmynax 3HadeHHSA >PPEKTUBHBIX KOI(PPHUITMEHTOB KOHIICH-
Tpanwu HanpsoKeHuH K W K| 3aBUCAT OT BHJA KOHIICHTPATOPOB HANPSIKEHUH.

B Mecre mocaaku kosieca Ha BaJl UMEETCs 1B THUIA KOHIIEHTPATOpoB (puc. 6.8):
CTYIMEHYATHIN MEPEX0] C TAITENbI0 U IINOHOYHAsA KaHaBKa. i 3TUX KOHILICH-
TpaTopoB 1o Tada. 6.3 u 6.4 HaxoAUM 3HayYeHus K U K, :

JUTSL CTYTIEHYATOTO TIepexoa C TaaTeNbo ( 7 = Smm, r =2,5um TIPUHATHI TIO
peKOMEHIAIMsAM Ha cTpaHuIe 98):
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npu dizgzo,os;i:i: 2 W o, =520MIa K, =181;K, =155,
r

JUISE  IIIOHOYHOM  KaHABKH, BBINOJHCHHOW  MalbICBOH  (pe3oii:
K, =163K, =142.

CnenoBarenbHo, Ooblliee BIMSHUE HA MPOYHOCTH Bajla OKA3bIBAET CTY-
IIEHYATBIA TMEPEXO € TAITENBIO 7 =2,5um; MOITOMY JUIA pacyeTra IPUHUMAEM
K_=181; K, =155. B 3T0M ceueHNM BaJ UMEET CIUIOIIHOE KPYTIIOE CEYEHHUE.

A
A

|

P75

C TN
4/
5

P95

VR
Puc.6.8.

ITo Tabn. 6.5 Haxoaum K, = 0,62 ; mo Tabm. 6.6 - K, =111; koadpPumnment
K, =1, T. K. BaJI HE MIOJIBEPraeTcs MOBEPXHOCTHOMY YIIPOUHEHHIO.

Takum obpazom, K, = (% +1,11- lj -1=3,03;

2

K, = L3S 1-1]1=261.
0,62

t)

[To ¢opmynam (6.14) onpeaenseM aMIIUTYIHbIC 3HAUCHUS HATIPSKCHUMN:

3 3
o :10 M, _10 '891’6:14,8Mﬂa;
w, 60261
10°-7  10°-1950
7. — = =38, a,

2w, 2-120522

rJIc MOMEHTHI COTIPOTHBIICHHS W, W W, omnpeaenacHsl 1o ¢GopMyiaMm
(6.15):

3 3
W, = i ik = 60261um’ ;
32 32
3 3
W, = my 31485 0520 mm.
16 16
22041 _ 1301
7 303148 7 261-81
Koaddunment 3anaca mpouyHOCTH
S-S, 49-61

S =

= = 3,8 > S
JS2+82 a9t 461’ ]
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CrnenoBatenbHO, BaJl YIOBJAECTBOPAET YCJIOBUIO MPOYHOCTH TO COMPOTHB-
JIEHHIO YCTaIOCTH.

[Tpumeuanne. Ecnu nonyuures S >5, TO HEOOXOAUMO YMEHBIIIUTh JTUa-
METp Bajla B OMACHOM CEUCHHUH, MePepadoTaTh KOHCTPYKIIMIO Bajla U MOBTOPUTH
pacuer.

7. BBIOP ITOJAHINITHUKOB KAYEHUSA

PaccmarpuBaeTcss MeTOAMKA pacueTa Mpy BHIOOPE paAvaIbHBIX W PaJid-
AbHO-YMOPHBIX NOJIIMIHUKOB KAYEHHS, KOTOPBIE MPUMEHSIOTCA B KayeCTBE
OMOp BAJIOB PEAYKTOPOB M KOpoOOk ckopoctel, mo mauHamuueckod (I'OCT
18855 - 82) u crarnueckoit (I'OCT 18854 - 82) rpy3onoabeMHOCTIM.

[Tpu vactore BpamieHust »>1 MUH = BbIOOP MOJIIMIHUKOB MPOBOAUTCS
[0 JUHAMUYECKOW PaIMAIbHOW TPY30IMOABEMHOCTH (', M CTAaTUYECKOW paau-

9 -1 9
AJIbHOU T'PY30IIOABCMHOCTH C a npu n<l MUH = TOJIBKO IIO CTAaTHYCCKOH

or >
TPy30TOILEMHOCTH.

Tunsl MOAIMIMITHAKOB /TS KOHKPETHBIX CXEM PEIyKTOPOB M KOPOOOK CKO-
pocTei BIOpaHbI TIPH pa3paboTKe ICKU3HONH KOMITIOHOBKH HX (CM. pasaen 6) mo
PEKOMEHIALUAM, U3JI0°KeHHBIM B 1. 1.2 [15].

3/1ech OTMETHUM TOJIBKO, €CJTH B KOHCTPYKIIMW MCIIOIB3YIOTCS PaaIdaIbHO-
YTIOPHBIC MIAPUKOBBIE MOAIIAITHAKKN, TO WX THI OTPEACISICTCS BEITUYMHONW OT-
HOIIIEHUS OCEBOM HArpy3KH F, K MUHAMAJbHOW U3 JIBYX PaJHAJILHBIX HArpy30K

F., NEACTBYIOIINUX HA MOAIIAMHUKHY:

pu Fa o 0,35...0,8 - Tum 36000 (yron konTakra o = 12°);

#min

rpw FF 4 _081..12 - m 46000 (o = 26°);

rmin

npu £ =¢61,2 - tun 66000 (a0 = 36°); mnA BBICOKMX CKOpPOCTEH

(n>1500mun"") IOAMIATTHAKA C JAHHBIM YTJIOM KOHTAKTAa HETIPUTOHBI.

B penykropax m KopoOKax CKOpOCTed a1 00eHX OImop, (PHUKCHPYIONTHX
BaJl B OJHOM HAINpaBJICHUH, KaK MPABHJIO, TPUMEHSIOT MOMIMUITHUKA OIHOTO
TUTIA ¥ OJIHOTO pa3Mepa. B aTom ciydae BeIOOp MOAMUTTHAKOB MMPOBOIAT MO 00-
Jiee HArpy>XEHHOW OTope, KOTOpas OMPEeNeseTcsl TOCAe BBIUMCICHHS SKBUBA-
JICHTHBIX TUHAMUYECKUX HArpy30K 00enX omop.

Hcxonnbie naHHbie 115 pacueTa

F,=R,F, =R, - paluaJIbHbIC HArPY3KH, JCUCTBYIOIIUE HA MOMUIAMTHUKHA
(paBHBI CyMMapHBIM OTIOPHBIM PEAKITUSAM, OTPEACIICHHBIM TTPU PacueTe BajIoB),
H.

>

F, - BHEWHAA OceBasd CUia. JEWCTBYIOIIAs Ha Baj (0ceBas cuja B 3a-

IETJICHUH, ONpeeeHa Ipyu pacueTe nepemay). H; ecnu Ha Ban neHCTBYIOT He-
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CKOJIBKO OCEBBIX CHJI PA3HOTO HAIPABJICHUS, TO BEJIMUMHA W HAIpPaBJICHUE I,
oTpenensieTca Kak anredpandeckas cyMMa 3THX CHJT (TTOJIOKUTEIHHOE HaIpaB-
JIEHUE BHIOUPAETCS B CTOPOHY OOJIBIIEH CHJIBI);

n - 4acTOTA BPAIICHHS KOJIeL] MOAUUIHAKA, MUH ~ (py n = 1...10 MuH ~
L s pacuerax cieayetr npuHuMath n = 10 Mun '1);

d - nAaMeTp MOCAJOYHBIX MOBEPXHOCTEH Baja, KOTOpble OEpyT M3 KOM-
MMOHOBOYHOM CXEMBI, MM,

L. - TpeOyeMblii pecypc MOAIMMITHAKA (OTIpeaesieHue cM. Ha ¢. 28), 4;

yCIOBUSA PpabOThl MOJIIUITHAKOB - PEXUM HArpy>XEHHUs, XapakTep Harpys3Kw,
TeMIiepaTypa.

7.1. Bo160p MOAMINITHUKOB 10 THHAMHAYECKOI TPy30M0IbeMHOCTH

[TpaBubHBIH BEIOOP MOAIMIMAITHAKOB MO JTHHAMHYECKON T'PY30I0 IbEMHO-
CTH MPEAOTBpAIaeT yCTAIOCTHOE BHIKpAIMBAaHHE PabOUYMX MMOBEPXHOCTEH Oe-
T'OBBIX JOPOXKEK KOJICI M TEJI KaueHUs IPH 3aJaHHoM pecypce u 90%-Hol Bepo-
SATHOCTH O€30TKAa3HON padOTHI.

Tak kak MOIIMMMITHUKA MPEABAPUTEIHLHO BBIOPAHBI MO KOHCTPYKTHBHBIM
COOOpaKEHUAM, TO MPOBOIMTCS MPOBEPOUHBINA pacueT ¢ IEIbI0 OMpPeaeICHHS
pecypca BHIOPAaHHOTO TOAITUITHUKA JUTA 3aJaHHBIX YCIIOBHM JKCIUTyaTallid |
CPaBHEHHUS €r0 ¢ TpeOyeMbIM, U:

_10°
60-n

e n - 9aCTOTA BPAIICHHS KOJIbLA, MHH ', L - Pecypc MOAIIMITHIKA,

MJTH. 000POTOB,

L>L (7.1)

= “hIP >

h

L=aa,(C,/P)" (7.2)

3MECh a, - KOX(D(PUIMEHT AONTOBEYHOCTH BBOAMTCS TPH TOBBIIIEHHBIX
TpeOOBAHMAX K HAJE)KHOCTH, TIPU HAEKHOCTH, paBHOH 90% (peayKTopsl U KO-
poOKku ckopoctelt), a, =1; a,, - KO3 (PUIHUEHT, YIUTHIBAIOIINA Ka4E€CTBO METAJI-

Jla AeTajed MOMIINITHUAKA W YCIOBHS SKCIUTyaTalWu, Il CCPUMHO NU3TOTOBJISIC-
MBIX TIOIITUITHUKOB M OOBIYHBIX YCJIOBUM SKCILTyaTalMK CIEAYET MIPUHUMATD:
a,, =0,7..0,8 - I MAPUKOTIOAITUITHAKOB (KpoMe chepruecKnx ),
a,, =0,5.0,6 - q1d POJUMKONMOJAIIMITHUKOB IUJIHMHAPHYCCKHUX, IIApHUKO-

MOAIIUITHAKOB C(PepruIeCKUX IBYXPSIHBIX,

a,, =0,6..0,7 - I POTMKOTOAITATHAUKOB KOHUUECKHX ;

a,, =03..0,4 - I POTUKOMOAITUITHUKOB C(PEPUUECKUX ABYXPSIIHBIX,

P - TOKazaTeNb CTENeHHU (UTs MApUKOBBIX TMOMITUITHUKOB P =3, IS po-
JMKOBBIX P =10/3);

C - OTUHAMUYECKas paauaibHas T'PY30MOABEMHOCTh BBIOPAHHOTO TOJ-
munHrKa, H, ykaseiBaeTcs B cripaBouHHKax (cM. mpwioxenue, Tadmn. 1.1 - I1.5);
€CITH B OJHOW OMOPE HMCIOJB3YIOT JBa OAWHAKOBBIX PAUAIBHBIX WIHA PaTraITb-
HO-YTIOPHBIX OJHOPSIHBIX TOAITUITHUKA (Yalle BCEro Ornopa Bajia YepBsKa), TO
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3Ty mapy MOJIIMIIHUKOB PaCCMATPUBAKOT KAK OJWH ABYXPSAAHBIN IOIIIUITHUK.
I[Ipuy »ToM BMecTo C, MOACTABIAIOT CYMMAapHYIO TIpPy30H0IAbEMHOCTD
CVZ =1,625C, - A IMAapUKONOAIIIUITHUKOB, CrZ =1,714C, nnd pOIUKOIIOALIIAII-

HUKOB, P. - SKBUBAJICHTHas AMHAMHUuYeckas paauaibHas Harpyska, H. 13 dop-
Mynbl (7.2) ciemyeT, 4To TpPH YBETUYCHHHM SKBUBAJCHTHOW HArpy3KH BABOE
PacUeTHBIN pecypc YMEHBIIASTCS JUIA MAPUKOTIOMIIUITHIKA B 8 pa3, a Mg po-
nukonoamunHuka B 10 pa3. [ToaToMmy HE0OX0aMMO KaKk MOKHO TOUHEE OTpee-
JIATH JEWCTBYIOIINE HA TIOAIMUATTHAK HATPY3KH.

®opmyna (7.2) npumenuma nipu P, <0,5C,, ©HAYE BO3ZMOXXHO HEYCTaJIO-
CTHOE pa3pylUEHUE.

OKBHWBAJICHTHAsA JWHAMHYECKAs HArpy3Ka OMPEACNACTCS OTACIBHO IS
Ka)kJ10H omopsl 1o opMmyie:

MIPH MIOCTOSTHHOM PEXHMMeE HarpykeHus (puc. 2.1,a)

P, =(VX.F, +Y F Kk, (73)
MIPH IEPEMEHHOM pekuMe Harpyxenwus (puc. 2.1,0)
P, =(VX,F, +VF, ) x Rla +a, 7+ pl+ .., (7.4)

rae i - Homep omopsl (i=1; 2); V - koapdunment Bpamenus (V=1 npu
BpAIlICHAM BHYTPEHHETO KOJIbIa MOIIHAIHKAKA, V' =1,2 mpW BpalieHud Hapy K-
HOTO KOJIbIIA); F, - paauaiibHas Harpy3Ka, IeHCTBYyIOMas Ha moamumauk. H; F,

- oceBas Harpyska, AedcTByromas Ha noamunHuk. H; XY, - ko3pduueHTsl,

YUYUTBHIBAOIIHAE PA3HOE MOBPEKAAOIIEE NEUCTBUE PAAUATIBHON U OCEBOM HArpy-
30K, k,- KOd(puImeHT O0e30MacCHOCTH, YUYHTHIBAIOIINN XapakTep Harpy3KH,

k,=11..12 - a7 KOpoOOK CKOPOCTEH METAJUIOPEKYIIMX CTAaHKOB (KpOME CTpO-
TaJIbHBIX U JOJMOEXKHBIX), k,=1,3..15 - AN PEAYKTOPOB; x, - KOIPPHUIMEHT,
VUUTBHIBAIOIIANA TEMIIEPaTypy TMOMIMUITHAKOBOTO Yy3Jla, TpPH TEMIepaType
<100°C k, =1.

Onpenenenue YKBUBAJICHTHON HArpy3ku mo ¢gopmynam (7.3) u (7.4) ume-
€T P 0OCOOEHHOCTEH, COCTOSIINX B HAX0KICHUH BEJTUMIMHBI OCEBOU CHITBI F, U
ko3 durmenTos X,,7, .

[Ipu ycTaHoBKe Baja Ha IMIAPUKOBBIX PAAMAIbHBIX MOAIMIAITHUKAX OCEBas
cuja F, paBHA BHEIIHEH oceBoit cune [,. Cuiy F,, BOCOHPHHAMAET TOT IOJ-

[IAUITHUK, KOTOPBIA OTPAaHUYMBACT OCEBOC MEPEMEIICHUE BaJia IMOJ ACHCTBUEM
3TOM CHJIBI, & JUIsl APYTOTO MOAIIUANHUKA F, =0.

HpI/I YCTAHOBKEC BaJjla Ha PAAUAIbHO-YIIOPHBIX MOJIMWITHHUKAX OCCBBIC CH-
Harpyxarouiuc 1moAIInuITHUKA, HAXOJAT ¢ YUYCTOM CHIIBLI F 4 W JOINOJHH-

bl F

ai 2
TEJIBHBIX OCEBBIX CHII § ;» » BOSHUKAIOIIUX OT I[GﬁCTBHﬂ paanaJdbHBIX HAarpy30K
F

¥i*

3Ha4YeHHsI CUa S,3aBUCAT OT TUIA MOJIIMIHUKA (IIAPUKOBBIN, POJIMKO-

BbIH), YIJIOB HAKJIOHA KOHTAKTHBIX HOPMaJeH «, 3HAUCHUH pagualibHbIX HArpy-
30K Y 3a30POB B MOJLINAITHUKE.
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Cunbl S BO3HMKAIOIIME B PAMAIBHO-YITOPHBIX TOMAIIMITHAKAX, CTPEMST-
Cs Pa3ABMHYTH KOJIbIIA B OCEBOM HAIPABIICHUW W YBEIIMYUTH 3a30p, UYTO HAPY-
I1aeT HOPMAJTbHYIO Pa00Ty MOANTUITHHKA U CHH)KAET €ro J0JITOBEUHOCTh. Takum
o0pasomM, Uil HOpMAJIbHON padoThl paauaibHO-YTOPHBIX MOJIIMIHUKOB HEOO-
XOJIUMO, UTOOBI B KQXKIOW OMOpe MUHUMAJIbHAS OceBas cana F, (peakius) Oblia

HE MEHBIIIE OCEBOM COCTABJISIOIIEH S, T.€.
F,>28nFk,>8§,

n 2 (7.5)
WHa4e KOJIbIIa Pa3ABUHYTCS.
[Ipm oTcyTcTBMHM OCEBOTO 3a30pa W HaTATa TMOAMIMITHUKOB OCEBBIE CO-
CTaBJISIONINE OTPEIEISAIOTCA HO (hopMyIIaMm:

S, =e F_ - I paauaabHO-YIOPHBIX APUKOMOAIIHITHUKOB;
S, =0,83¢,F, - ISl KOHAYECKUX POTUKOIOIIUITHUKOB,

rae e - KO3(pPUIMEHT MUHUMAIIBHOW OCEBOW HArpy3KH, 3aBUCHUT OT yTja
KOHTaKTa o W otHomrenwda / /C, , C - cTaTA4ecKas paguaabHasd I'Py30HOab-

or 2
eMHOCTh, H (ompezensercss mo cripaBOYHHKY ).

JInst BceX KOHMYECKUX POJTHKOMOAIIAITHUKOB W PaIHaTbHO-YIOPHBIX IIa-
PUKOTOIIUITHAKOB C YIJIaMH KOHTakTa « >18° (tumnsl 46000 u 66000) Bennuu-
Ha e TPUHATA MOCTOSHHOW HE3aBUCHMO OT BEJIMYMHBI JEHCTBYIOIWX HAa HUX
HArpy3o0K. 3HAUYeHWE e I PAaAAATBHO-YIOPHBIX ITAPUKOMOIIITHUITHUKOB C
a=26" 1 a=36" npuBeneHs! B TaO. 7.1 ¥ B ClipaBOYHHKAX, A I KOHUYECKUX
POJMKOTIOIIAITHAKOB - B crupaBounmkax [19], [20] (cm. Taxke Tabn. [1.4).
3neck ke naHbl ¥ 3HaueHusA kKodhduimenToB X u V.

Jlst paauaabHO-YIOPHBIX IMAPUKOMOIIAITHUKOB ¢ o <18°° (tun 36000,
a=12"), OTIIMYAOIIMXCS MEHBIIIEH OCEBOM )KECTKOCThIO, MapaMeTp e MPHUHHMA-
€T pa3NWYHbIC 3HAYCHHUS BCIICICTBHE W3MEHEHHA NCHCTBUTEIFHOTO YTJia KOH-
TaKkTa MOJ HArpy3koil. 3HaueHue e Ha JAHHOM STare HEb3d ONPENENIUTH MO
tabn. 7.1, T.k. Heu3BecTHO oTHOWIEeHuEe £, /C, . [lo3ToMy 1Sl TaKUX MOAILIMITHU-

KOB IapaMeTp e ompeaensercs MeroaoM npod. [IpensBapurenbHoe 3HaueHHe
9TOM BEJTMYMHBI ¢ HAXOMAAT U3 MPEAMOJIOKEHHS, YTO OCEBas Harpy3Ka

Tabnuua 7.1
Tun Yron | Ot- OpHopsnHbie oA~ | JIByXpsAaHbIE MOIIIH-
MNOAIINM- | KOH- | HOCH- HTUTTHUKA HUKH
HHKa TaKTa | TCIIb- I, . F, /2
0 <e > e <e > e
a, Has VE, VE, VF, VE,
Ha- X Y| X Y X Y X Y
Ipys-
Ka *
ir,
CO}’
1 2 3 5 16| 7 8 9 10 | 11 | 12
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[apuxo- 0 |0,0141]0,019 2.3 2.3
BEIC pa- 0,028 | 0,22 1,99 1,99
JAAITb- 0,056 | 0,26 1,71 1,71
HBIE. 0,084 | 0,28 1,55 1,55
0,11 | 030 | 1,0 |0]0,56| 1,45 | 1,0 | 0 |0,56|1,45
0,17 | 0,34 1,31 1,31
0,28 | 0,38 1,15 1,15
0,42 | 042 1,04 1,04
0,56 | 0,44 1,00 1,00
[apuko- | 12 | 0,014 | 0,3 1,81 2,08 2,94
BBIC Pa- (ran | 1,029 | 0,34 1,62 1,84 2,63
maanpro- | 36900) | 0.057 | 0,37 1,46 1,69 2,37
VIIOPHBIE. 0,086 | 0,41 1,34 1,52 2,18
0,11 | 045 | 1,0 {0]045| 1,22 | 1,0 | 1,39 0,74 | 1,98
0,17 | 0,48 1,13 1,3 1,84
0,29 | 0,52 1,04 1,2 1,69
0,43 | 0,54 1,01 1,16 1,64
0,57 | 0,54 1,00 1,16 1,62
26 - 0,68 | 1,0 [0]041] 0,87 | 1,0 [0,92]0,67 1,41
(Tun
46000)
36 - 095 | 1,0 [0]037] 0,66 | 1,0 [0,66] 0,6 | 1,07
(T
66000)
Posnuko- - - 15 [ 1,0 0] 04 | 04 | 1,0 [0,45/0,67]0,67
BBI€ KO- - x x %
HUYC- rga ctga crga ctga
CKHUC.

* i —aucmo psaaoB Ten kadeHus. [Ipu o =0 BO BeeX ciydasx MPHHAMAIOT i = 1.

Kosdduiments e u Y ans npoMexyTOUHBIX 3HAYSHUH iF, /C,, ONPENENIIOTCS JIH-

HEHHOUW WHTEPIOJISIHECH.

** 3HaUCHUS e TPHUBOJATCS B CITPABOYHHKAX .

F, KaXA0T0 U3 NOAIIMITHAKOB 00YyCJIOBJI€HA JIUIIb €T0 PaauaJbHON

CWJIOH [, T.€. €CITM IPUHATH F, = S =¢ - F. (OTMETHAM, UTO €CJIN B KOXKIOU

OIOpP€ Bajla YCTAHOBJIEHO MO OJHOMY PAAHAIIbHO-YIIOPHOMY HOIIIUITHUKY,
TO JUISL OTHOTO M3 HUX 3TO YCIIOBHE OyAET BBHITTOIHEHO ). COOTBETCTBYIOIAS
ATOMY CIIyYar0 BEJIMYHMHA e JUTA KKIOW OMOPHI MOXKET OBITh ONPEe/iCHa B
3aBUCUMOCTH OT OTHOIIeHUs F,/C, 10 opMmyIie:

F 0,195
j >0,3

(pH ¢, < 0,3 ciemyeT NpUHUMATh ¢, = 0,3).

@:05@(

¥i

or
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Ecnu reneps onpenenuTs CHtbl S, U gajee F, (CM. HUXKE), TO JUIS OTIOPHI,
B KOTOpPOW F, =S , HAlICHHOE 3HAUEHUE ¢ OyJeT OKOHYATEIBHBIM, a JUIS OTO-
P, B KOTOPOM F, > S, 3HAUEHUE e YTOUHseTCs MO Tabdn. 7.1 B 3aBHCHMOCTH OT
otHomenus £, /C, (cm. mpumep 2). 1o aToii ke Tabnume onpenestores Kodg-

bumments X 1 Y.
[Mpumeuanue. B tabn. 7.1 naHbl 3HAUEHUs TapaMeTpa € | [UTs PaauaIbHbIX MaAPH-
KOMIOJIIMITHUKOB B 3aBUCHUMOCTU OT oTHomeHust [ /C ., T.K. HOMUHIbHBIM YroJl KOH-

takTta (o = 0) B 3THX MOJIIUITHUKAX U3MEHSIETCsI IO ICHCTBHEM OCEBOM Harpy3ku F, .

7.1.1. OnpenesieHue oceBbIX CUJI [, HATPYKAKIIUX PaIHAILHO-

YIIOPHLIC MOAIITUITHUKH.

PacueTHas oceBasd cuia Ha KaXAbIH W3 ABYX MOAUIMITHUKOB F,, 3aBHCHUT
OT HANpaBJICHUS BHEIIHEH CWJIBI F, W OTHOCHTEIBHOTO PACHOJOXKCHUS IOM-
munHukoB. Ha puc. 7.1,a moka3aHa yCTaHOBKA JIBYX paauajibHO-YIMOPHBIX IIIa-
PUKOTIOAIIUITHAKOB IMUPOKUMH TOPIAMHU HApPYXHBIX KOJIEI HapyXy (cxema
«Bpacnopy), Ha puc. 7.1,0 — ycTaHOBKa KOHUUECKHAX POJTUKOTOIIIUITHUKOB 11~
POKMMH TOPLIAMHU HAPY KHBIX KOJICL] BHYTPb (CXeMa «BPACTKKY) ).

[1pu onpenenenun aByX OceBBIX cunl F, u F,, (cM. puc. 7.1) paccmarpu-

BaroTcs ycious (7.5) m ypaBHEHHWE PaBHOBECHS Bajlia ¢ YCTAHOBJICHHBIMH Ha
HEM NOJIIMITHUKAMH:

F,xF,-F,=0. (7.7)
3HAK «+» - €ClIA HaIpaBJIeHUs CUl F,, U F, COBIMAJAIOT, 3HAK «-» - €CJIU Ha-
MPaBJICHUA 3THX CHUJI MPOTUBOMOIOKHBI.

JI7ig HaXOKIEHW S PELICHHS B OJJTHOM M3 OMOP OCEBasi CUjla MPUHUMAETCS
PaBHOW MUHUMAIBHOUN: F, =S .
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Feq b Fry fr2
Puc. 7.1

[Ipunumaem F, =S|, Torna w3 ypasaenus (7.7)
F,=F,tF, =5 %F,.
Ecnu npu sTomM F, > S, , TO OCEBBIE CHJIbI HAWJICHBI TIPABUIIBHO, €CITA F, < S, TO
CIIeAyeT NpHHATh I, =S,, a
F,=F,%F,=§,FF,
puYeM yciaoBue F, > S, OyaeT 0043aTelIbHO BHITIOJTHEHO.
Ilpumeuanue. Ecinu B 0qHOM Onope yCTaHOBIJIEHBI ABA paJiUaIbHO-YIOPHBIX MOAIINUITHUKA
(dukcupyrormiasi onopa), TO MPH pacuere OHHU PACCMATPHUBAKOTCS KakK OJWH JBYXPSIHBIN
panuanpHO-ynopHbld noamunHuk. [Ipu aToM oceBas Harpyska [, = F/,, a koadduiuen-
Tl X 1 Y onpenessitorest mo Tabdi. 7.1 s ABYXPsAHBIX MOAIITHITHUKOB.

Takum 00pa3om, TIpu BEIOOPE MOAMIAITHUKOB KAUYEHHS JOJKHO OBITh BBI-
nepsxano yciosue (7.1): L, > L,,.. [Ipx 3TOM 0OBIYHO BBIACPKUBACTCS U APYTOC
ycnosue: C,, <C,, tae C,, - TpeOyemas pacueTHas TPy30MOAbEMHOCTh JiA
KOHKPETHBIX YCJIIOBHM JKCIUTyaTaluy MOAMIUITHUKOB, C, - IUHAMHAYECKAA TPy-
30M0ABEMHOCTDH BRIOPAHHOTO TIOAIIUAITHUKA, OTIPEeIisieMast IO CIIPaBOYHUKAM.

[Ipu BHITIOTHEHUU THX YCIIOBHM MPEABAPUTEIIBHO BHIOPAHHBIE TOIIIHII-
HUKH TIPUTOAHBI JUTA KOHCTPYUPOBAHUA ITOAIUITHUKOBBIX Y3JI0B.

Ecnm pacueTHbIi pecypc BBIOPAHHOTO TOAITAITHAKA MEHBIIIE TPEOYyEeMOro,
TO HEOOXOAUMO:

a) MPUHATH TIOITUITHUKA JAHHOTO THTIA 00JIEE TSHKENBIX CEPHit;

0) MPUHATH MOAMUAITHAUKA JPYTOT0 THHA, Y KOTOPHIX TPY30MOABEMHOCTh
BBHINIIC, HE YBEIMUYWBAA JUAMETP MOCATOYHOW YacTH Baja (HAmpuMeEp, BMECTO
[IAPUKOBBIX MPUHATH POJIMKOBbIE TIOAIITUTTHAKH);

B) YBEJIMYUTH AUAMETPHI MOCAAOYHON YACTH Bajia; IPHU STOM HAJ0 H3Me-
HUATHh KOHCTPYKIIHIO Bajia, T.K. 3Ta Mepa NMPHUBEIET K U3MEHEHHUIO Pa3MEPOB JIPy-
FAX YYaCTKOB BaJia.
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EC.]'II/I pvaCTHBIﬁ pecypc BBI6paHHOFO IMOAIIUITHUKA 3HAYUUTCIIBbHO 6OJ'[B-
me Tpedyemoro (L, >> L, ), TO HEOOXOaUMO:

a) TPHHATH MOIIMITHAKK JAHHOTO THIA 00Jiee ISTKUX CEPHIA;

0) NPUHATH MOANTHUITHAKKA APYTOTO THIIA C MEHBIIICH IPy30H0IBEMHOCTHIO
(HarmpuMep BMECTO PaJMAIBHO-YIIOPHBIX ITAPUKOBBIX TPHUHATH PaJUAIBHBIC
IITAPUKOBBIC).

YMeHbIaTh JUaMETPhl MOCA0UYHBIX YU4AaCTKOB Baja HE CJIEAYeT, T.K. OHH
OIpeIeICHBI PACYETOM Ha ITPOYHOCTD.

7.2. IIpoBepka MOAMIUITHUKOB KaAYeHHs M0 CTATHYECKOI
rpy30mnoxbeMHOCTH

Bo u3bexanue mosiBIeHUsA OMACHBIX ISl pabOThl OCTaTOUHBIX Aedopma-
LA HAa KOHTAKTUPYIOLIMUX IMOBEPXHOCTAX HArpy3Ky MOIIMUITHUKOB OTPaHUYMU-
BAIOT CTaTHYECKON TPY30MOABEMHOCTBIO. [IpOoBEpKa Ha OTCYTCTBHE OCTATOYHBIX
nedopmalvii B 30HE KOHTAKTA TEJI KQU€HHUS C KOJbI[AMH MPOBOJUTCA IO YCIIO-
BHIO

F,<C,, (7.8)

rae P, - SKBUBAJICHTHAs CTAaTW4ecKas paauanbHas Harpyska, H; C, -
CTAaTUYECKAS PaJuaIbHAs TPY30IOABEMHOCTS, H.

Ecnm B maHHOM Omope MCMONB3YIOT JIBA OAWHAKOBBIX IMOJIIMIHUKA TO
BMeCTO C, TOACTABIIAIOT CorZ =2C,,.

[Ipu coBMecTHOM ACUCTBMM HA MOJAIIMITHUK PAaUaIbHON F, U OCEBOU [, Ha-
IPy30K SKBUBAJICHTHAA CTaTHUECKas HArpy3Ka OMpPEAesAeTCs KaK HauOoJIbIIee
3HAQUYECHHE U3 IBYX:

P, =X,F. +Y,F P, =F., (7.9)
rae Xy, Yy — k03pPUIMEeHTH paguaibHOM U OCEBON CTATHUECKUX HArpy30kK
COOTBETCTBEHHO (Tadun. 7.2).

Tabnuia 7.2
Tunbl NOAMUATTHUKOB OnHopsiaHbIC JIByXpsiaHbIE
Xo Yo Xo Yo
[[TapukoBbIE pagraIbHbBIC 0,6 0,5 0,6 0,5
[[lapukoBbie pa- 12° 0,47 0,94
TUATBHO — YIOPHBIE
¢  HOMHUHAQJIbLHBIMU 26° 0,37 0,74
yIJlaMy KOHTAKTa o 0,5 1
36" 0,28 0,56
[[TapukoBbIE 1 0,5 0,22ctga 1 0,44ctga
POJIUKOBBIE CaMOYC-
TAHABJIMBAIOIINECS,
KOHHYECKHUE POJIU-

111




KOBBIC.

PexomeHn tyemblii mopsAI0K MPaKTUUECKOTO BbIOOPA MOAIMITHUKOB KAUE€HUA pac-
CMOTPHM Ha KOHKPETHBIX MPUMEPAX, MPEAIoaras, 4To KOHCTPYKIUs Bajla
MpeABapUTENbHO pa3paboTaHa U TUAMETPbI OTIOPHBIX YYACTKOB BaJia U3BECTHBI.

7.3. Ilpumepsnl pacyeToB

Ipumep 1. [TogoOpare pamuanbHbIE MAPHUKOTOIITUITHAKH IS BBIXOTHOTO
Bajla PEAYKTOpa MPUBOJA K 3arPy30UHOMY YCTPOHCTBY. CxeMa pacrioJiOKEeHHUS
MOJIITMITHUKOB MOKa3aHa Ha puc. 7.1, a.

JlaHo: nrameTp OMOPHOM 4acTu Bajla d =50 MM; F,, =5404 H; F, =13448
H; F, =1687 H (nampasyiieHa B CTOpOHY OMOpHI 1); yacToTa BpalieHus BHYTPEH-
HEro KojabLa » =113 MHH _1; Tpebyembiii pecype L, =10118 u; V' =1; K, =14;
K, =1, pexuM HarpyxeHus — mepemennsiii (puc. 2.1, 0) - o, =0,2; «,=0,5;
a,=03; B, =08; p,=006.

Pemenne

1. Beibupaem npeapaputenbHo 110 cripaBouHuKy [19], [20] umm mo Tabm.

I1.1 mapuxonommunauk jerko cepum 210, y xkotoporo C, =35100 H;
C, =19800 H; dxDxB=50x90x20 MM.

2. OnpenensieM >KBHBAJICHTHYIO JUHAMHUYCCKYIO Harpy3ky 1o Gopmyiie
(7.4).

OceByro Harpy3Ky BOCIPUHAMAET TOIIUITHUK |, TO3TOMY

F,=F,=1687 H; F, =0.

" ‘
ITo Tabn. 7.1 misgt COOTHOIIEHU S By 11687 0,085
C, 19800
F
HaXOJuM e =028; —4 = 1687 _ 031>e.
VE, 1-5404

CnepoBarenbHo, X, =0,56; ¥, =1,55.
P, =(0,56-5404+1,55-1687),4-1-3/0,2+0,5-0,8° +03-0,6° = 6358 H,
P, =1-13448-14-1-30,2+0,5-0,8° +0,3-0,6° =15156 H.

JlanpHeHmmit pacueT BeaeM mo 0osee Harpy>kKeHHOH omope 2.
3. OnpeaensieM pecypc TPUHATOrO MOAIMIMITHAKA

P 3
L=a, -a, ¢, :1-0,75(Mj =9,3 MJIH. 000POTOB,
P, 15156
10°L  10°-93
= = =1372 4., 94TO MeHbIe TpeOyemMoro pecypca, T.€. BbI-
60-n 60-113

OpaHHbBIN TTOAMIUITHUK HE TTPUTOEH /TS TAHHBIX YCIIOBUM SKCIUTyaTalluH.
4. TlpuHuMaeM IAPUKOMOAMIMIHUK TsoKenon cepun 410 (mommmmHuk
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CpenHer CepuM TakKe He MPHUTOJACH), y kotoporo C, =87100 H; C, =52000 H;
dxDxB=50x130x31 MM.

87100’
L=1-0,75 ——| =142,4 MiH. 000pPOTOB;
15156
10°.142.4
- T 20996y > L, =10118u.
" 60-113 e

5. IIpoBepka mo CTaTUYECKONU rPy30MOAbEMHOCTH:

P, =X,F,+Y,F.,=06-13448+0,5-0=8069H < F,,,
CJIE0BATENIbHO, MPUHUMAEM
P, =F.,=13448H <C,, =52000H.

[Tommunuuk mpuroaeH. [lpu 3aganHOM pecypce BEpPOATHOCTh O€30TKAa3HOH pa-
OO0THI JAHHOTO MOAIMUITHKKA Oy AeT BhIte 90%.

[pumep 2. [TogoOpaTe paauasbHO-yNOPHBIE IMIAPUKOMOMIIAITHUKA AJIS Bajia
pPEAyKTOpa NpUBOAA JICHTOUYHOIO TpaHcnoprepa. [ [oAmMnHuKN yCTaHOBIEHBI IO
cxeme «Bpacmtop» (puc. 7.1,a).

JlaHO: nquameTp OMOpHOM 4YacTu Baja d =40 mM. F,, =2500 H; F,, =4900
H; suemnss oceBas cuna F, =1990 H nanpasnena B cropony omopsr 1. HacToTa
BpalllcHUs Baja n =720 MHUH - TpebyeMblii pecypc MOAMUIHUKOB L, = 6000
4,V =1, K;=13; K, =1.

Pexxum HarpyxeHus — nepeMeHHbIi (cM. mpumep 1).

Pemenue.
BriOupaem Tvn NOAMMITHUKA.
/0 1990 .
[To oTHOWIEHHIO I3 = e = 0,79 mMpUHHUMAaEM pPaJHaJIbHO-YIOPHBIH 11Ia-

PUKOMOAIIUITHUK JieTko# cepun 36208, y koToporo C, =38900 H; C, =23200 H;

dxDxB=40x80x18 MM.
2. ITo dopmyne (7.6) HaxoAWM MpeaBAPUTENbHBIC 3HAUCHHS MapaMeTPOB
OCEBOT'0 HArPY>KEHUA:

" 2500 )"
ell) = 0,563&—”} = 0,563[ 26200} = 0,365,
or 3

F 0,195 4900 0,195
egl) = 0,563(6,—”} = 0563[%} =0,416.

OmnpenenseM OCEBbIE COCTABIIAIONINE PAANAIBHBIX HATPY30K:
S, =eV.F, =0365-2500=913 H,
S, =el). F, =0,416-4900 = 2039 H.
OHpCI[CJ'IﬂeM OCCBLIC CHJIBL, I[GﬁCTByIOH.[HG Ha IMOAIIMUITHUKHA.
[lpunumaem, uro F, =S =913 H, Torma mo ypasHenuto (7.7)

or

F,=F,-F,=913-1990 =-1077, uro MeHble S,. CrenoBareibHO, OCe-

BbIC CHJIbI HAWJICHBI HEMTPABWIBHO.
[Ipuaumaem F, =S5,=2039 H, F,=F, +F,=2039+1990=4029 H, uro
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Oombime S, (CHIIBI OTIPEACIICHBI IPABUIIBHO).
Tak kak F,, = S,, TO OKOHUATCIIBHO ¢, = e\’ = 0,416.
JITst O AIIMITHAKA TIEPBOM OTMTOPHI YTOUHSEM e, .

F 4029
[To tabn. 7.1 mpu —L=——=0,174 UHTEPNOJUPOBAHUEM HAXOJIUM
C, 23200
e, =0,481.
5. OnpenensieM SKBUBAJICHTHBIC TUHAMUUECKUE HATPY3KH.
F
[Tockombky —%- = 4029 _ 1,6 >¢,TO X, =0,45Y, =1,128;
VE, 1-2500
F 2039
a2 =0,416=¢,,T0 X, =17, =0.
VE, 1-4900

P, =(1-0,45-2500+1,128- 4029)1,3-1-3/0,2+0,5-0,8° +0,3-0,6° = 4564H ;
P, =1-4900-13-1-3/0,2+0,5-0,8° +0,3-0,6> = 5128H .

JlanpHelmmii pacuer BeaeM 1o 0osee Harpy>keHHOH omope 2.
6. OnpeaenseM pecypc IPHHITOTO TMOIITHUITHAKA

P 3
C 38900
L=a -a,|—| =1-0,75 —— | =327,4man.060pomos
P 5128

r2

10°-L 10°-327.4
= = *— =7578u > L,,, = 6000y .
60-n 60-720

7. IlpoBepka Mo cTaTH4ECKON rpy30MOIbEMHOCTH:
P =XF,+YF, =06-4900+0,5-2039 =3960H < F,

0" r2 0~ ar r2 2

CJIEIOBATENbHO, IPUHUMAaEM P, =F, =4900 <C,  =23200H .

[MToamunuuk npuroaeH. [Ipu 3amaHHOM pecypce BEpOATHOCTh 0€30TKa3-
HOM paboThl HECKOJIbKO BhITE 90%.

IMpumep 3. TTogoOpaTh KOHMYECKHE POJMKOMOIIIUITHUKYN JJI Bajla KOHU-
YecKo# mectepHH. [[oMIMMITHAKN yCTAaHOBJICHBI MO CXEME “‘BPacTsOKKY ~ (pHc.
7.1, 0).

JlaHo: auameTrp OnmoOpHOM 4YacTh Bajia d =35um;, F, =900H ; F., =500H ;
F, =2500H (HampaBjieHa B CTOPOHY Omopbl 1); n=1000mun"'; V=1 x; =15,

k, =1, TpeOyeMblil pecypc L,,, = 6000y ; PEKUM HArpyeHUs — MEPEMEHHbIN

T
(cm. ipumep 1).

Pemenue.

1. ITo cnpaBounuky [19] nnm no ta6a. [14 npuHrMMaeM MOAIIUITHUKH JIET-
kot cepum 7207, y KOTOpBIX dxDxT =35x72x1825 w™m; C, =38500H ;

C, =26000H ; e=037; X =0,4; Y =162 npu £>e;
VF,
2. OnpenensieM 0CEBbI€ COCTABIIAIOIINE PAIUATIbHBIX HArpy30K:
S, =0,83eF,, =0,83-0,37-900 = 276 H ;
S, =0,83el, =0,83-0,37-500 = 154H .
3. OmpenensieM OCEBbIE CHITBI, ACHCTBYIONINE HA TTOAITAITHUKH.
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[Tpuaumaem, uto F, =S, =276H , Toraa u3 ypasHeHus (7.7) paBHOBeCHS
Bajla F, =F, +F,=276+2500=2776H , uto Oomabiie uem S,. CiaeaoBarenbHO,

CHJTBI HAWJICHBI TTPABHITEHO.
4. OnpenensieM >KBUBAJICHTHBIC HATPY3KH

F 276
[Tockonmpky —2-=——-=0,305<e,TO X, =17, =0;
" 1-900
F
—“zzﬂ:5,55>e,T0 X, =047, =162
VF 1-500

r2
P, =1-1-900-15-1°4/0,2+0,5-0,8"""* +0,3-0,6'"* =1350-0,807 = 1090H ;
P, =(1-04-500+1,62-2776)1,5-1°40,2+0,5-0,8"°"* +0,3-0,6'"* =5686H .

Janee pacuet BeneM o Oosee HarpyKeHHOU onope 2.
5. OnpenensaeM pecypc NPUHATOrO NOAIIUITHUKA:

P 10/3
L=a -a & =1-0,65 38500 = 379,3man.060pomos |,
» 5686

1
r2

6 6
_10L 1073793 anny s L,zp = 6000y .
60-n  60-1000
6. [IpoBepka o cTaTUYECKON TPY30MOTbEMHOCTH:
Por = XOFrZ +Y0Fa2 ‘

N3 tabn. 7.2 naxomum X, =057, = 0,22cigcx .

h

Tak kak yroj KOHTakTa y BbIOPAHHOIO MOMAIIMITHUKA HEU3BECTEH, HEOO-
XOJUMO €ro ompeaeauTh. 71 KOHMYECKUX MOAMUAITHUKOB e = 1,5tgar (cM. TaluI.

7.1). Orcrona o = arctg% = arctg% = arctg0,247 =13°53 .

CrnenoBarenbHo, ¥, = 0,22¢1g13°53 = 0,22-4,046 = 0,89 .

P, =0,5-500+0,89-2776 = 2721H <C,, .

BriOpaHHble TMOIIMMITHAKKA TTPUTOAHBI TSI 33JJaHHBIX YCJIOBHM SKCILTya-
Taluu.

Ipumep 4. Jlna ¢ukcupyromeit onopsl Bajia yepBsika MUCMONb3YIOTCS IBa
OJIMHAKOBBIX PAUAJIBbHO-YIOPHBIX IMAPUKOBBIX MOJIIMIIHAKA JIETKOW CEpUH
36209. Onpenenuth pPacueTHBIN PECYpPC THUX TMOMAIIMITHUKOB IO CIIETYIOIIAM
JAHHBIM: [, =3400H ; F, =5200H ; n=1450mun"; V =1, x; =13 x, =1, PeKUM
HarpyXeHHus — MePEMEHHbIH (CM. ipumep 1).

Pemienue.

1. ITo cnpaBounuky [19] nmnm no ta6n. 113 ana nogmunuanka 36209 Haxo-
muM C, = 41200H ; C, = 25100H .

[ToAmMNMHAKOBBIN Y3€I1, COCTOSIIMI U3 IBYX OJMHAKOBBIX MOAIIUITHUKOB,
pacCcMaTpPUBAIOT KaK OAWH ABYXPSAAHBIA PaAWAIbHO-YIIOPHBIA MOAIIUITHAK, Ha-
TPYKEHHBIA cWiiamu I, u I, = F),.

JI1s KOMIJIEKTa U3 ABYX IAPUKOTOAIIUITHHKOB UMEEM:

Crz =1,625-C, =1,625-41200 = 66950H ;
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C,y =2-C, =2:25100 = 50200H .

2. OnpenenseM ko3 PUIMeHTH HArPY3ku X U V.

10 2-5200
10 OTHOMIEHHIO ——9 — =0,21 u3 Tabmumel 7.1 HAxoAMM, TIpUMeE-

C 50200
OVZ

HAA HMHTCPHOJLALUIO, ¢=0,49; T. K.

F, 5200

a

VE.  1-3400

=153>e¢, TO mo Tabdm. 7.1

X=0,74,Y =1380.
3. OnpenensieM SKBUBAJICHTHYIO TMHAMUUYECKYIO Harpy3Ky
P, =(1-0,74-3400+ 1,80 - 5200)1,3-1-4/0,2+0,5-0,8% +0,3-0,6 = 12428H .
4. OnpenenseM pacueTHBIN pecypc

10°-a,-a,,(C « /P)" 6 1. 3
- 105 (Cy _10°1-075(66950/12428)° _ o
60-n 60-1450

8. PACUET COEJMHEHM BAJI - CTVIIULIA

CoenuHeHUs Bal-CTyTIHIIA 3y0UaThIX W YEPBAYHBIX KOJIEC, IITKUBOB, 3BE3-
JIOYEK OTHOCATCS K COCIMHEHUSM AETajel, OXBaThIBAIOIIMUX Apyr apyra. [Ipum
YCTaHOBKE KOJIEC Ha BajaX HEOOXOJAMMO OOSCIEUUTh HAJC)KHOE Oa3MpOBaHUE
KoJjieca TI0 BaJly W Tepeaadvy BpPaIIaromero MOMEHTa OT KoJjieca K Bajly WJIA OT
BaJia K KOJIeCy.

B »Tom paznene paccMaTpuBarOTCs MIMOHOYHbBIE, IIJTALIECBBIE COSTMHEHUSA
Y COCIMHEHUA MOCAAKON C HATATOM.

8.1. lllmoHo4YHBIE COeAMHEHHUSA

Yame Bcero mpumeHnstor npusMmarndeckme (Tabm.Il.6) m cermeHTHBIC
(ta6n. I1.7) mmonku. CoeAMHEHHS C TIOMOIIBIO MPU3MATHYECKAX W CETMEHTHBIX
IIMOHOK OTHOCATCS K HEHAMPSYKEHHBIM COSIMHEHUAM.

[IpusmaTnyeckne MIMOHKKM HMEIOT MNPSAMOYTOJIbHOE CEUEHHUE. KOHILIbI
CKPYTJICHHBIC - UCTIOJIHEHUE [, WK TIJIOCKKE - UCTIOJIHEHHE 2.

I'OCT 23360-78 mpeaycMaTtpuBaeT Ul KaXA0ro JdaMeTpa Bajia omnpe/e-
JICHHBIE pa3MepPbl MOMEPEUHOr0 CE€YEHUs MMNOHKU. [103TOMYy mpHU MPOEKTHBIX
pacuerax pa3Mephl MOMEPEUYHOTO CEUEHHMS MIMOHKN b W 4 O0epyT u3 1adm. [1.6 u
OTNpeneNA0T padouyto AIUHY IIMOHKU /,. J[muHy mmoHku /=17, +b CO CKpYr-

JICHHBIMA WU / =/, TJIOCKMMH TOPIAMH BHIOMPAIOT W3 CTAHAAPTHOTO psiza
(ta6n.I1.6). lnuny ctynuibl Ha3Ha4yaroT HA 8-10 MM OoJibIlle JUTUHBI IITIOHKH.
Ecnmm mo pesyabTaTam pacuera mImOHOYHOTO COSAMHEHUS JJTUHA CTYMHIIBI 10-
JydaeTcsa >1,5d , TO BMECTO IIMOHOYHOTO IeJieco00pa3Hee MPUMEHUTD ITUTHIIES-
BOE COCIMHEHME - JJIS BAJIOB KOPOOOK cCKopocTel (cM. pa3z. 8.2) wim coennHe-
HUE C HATATOM - JUTS BAJIOB PEIyKTOPOB (cM. pa3m. 8.3).

[Ipn nepenave BpalarOIero MOMEHTA Ha MPOTUBOMOJIOKHBIX OOKOBBIX
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Y3KHUX I'PAHAX HIMMOHKKW BO3HUKAIOT HAIPSDKCHUA CMATUA O a B IpOaAOJIbHOM

oM 2

CEUEHUU - HampsokeHus cpesa 7 (puc. 8.1). V craHAapTHBIX MIMOHOK pa3Mephl
b W h momoOpaHbl Tak, YTO HArPy3Ky COCAMHEHUSI OTPAaHUUMBAIOT HE HAMPSKE-
HUSA Cpe3a, a HanpsbkeHuda cmATud. [losromy pabodyro UIMHY IIMOHKH /, Ompe-

ACIIAIOT U3 YCJIOBHUA IIPOYHOCTH HAa CMATHUC!

2000-T
- < 8.1
oTKyza [, > 20007 (8.2)

d(h - tl )[O-CM ] ’

rae 7'—H - w; o, |-Mia; 1,,ht, —wm .
JI1s1 HEMOABMYKHBIX COEMHEHUM TIPUHUMAIOT:
IPH TIEPEXOHBIX Tocankax [o_, ] = 80...150 MIla;

npu nocaakax ¢ Hararom [o, ]=110...200 MITa.

B NOBMKXHEIX B OCEBOM HANpPABJICHUM COEAMHEHHAX (KOPOOKH CKOPO-
CTell CTaHKOB) NpuHUMAIOT [0, | = 20...30 MI1a.

I[OCTOI/IHCTBa COGI[I/IHGHI/If/'I C NPpU3MAaTUUYCCKUMM HIIMMOHKAMH - IIPOCTOTA
KOHCTPYKIHMH U CPABHUTCIIbHO HU3KAA CTOMMOCTD.

Henoctatku - KOHIEHTpalLMs HANPSXKEHWW B 30HE IMIMOHOYHON KaHABKHU
CHHMIXACT COIIPOTHBJIICHHUC YCTAJIOCTH BaJla, TCXHOJJIOTHYCCKHMM HCAOCTATKOM
MPU3MATHYECKUAX IIMOHOK SBJIIETCA TPYMHOCTh 00ECIEUEHHUS WX B3aWMO3aMe-
HSIEMOCTH, T.€. HEOOXOIUMOCTh MPUTOHKK WJIM MOA00pA MITIOHKH IO a3y, YTo
OrpaHUYMBACT MX MIPUMEHEHHE B KPYITHOCEPUMHOM W MAaCCOBOM IPOM3BO/ICTBE.

Cermentnbie mmoHkA (Tabi.I1.7) mMpUMEHSIOT B CBSI3U ¢ TEXHOJOTHYHO-
CTBIO COCJMHCHHs, He TpeOyromero pyuHod npuroHkd. [ybokas mocajaka
IIMOHKKA 00ecreunBaeT el 0ojiee yCTOWUMBOE MOJIOKEHUE, YEM Y TIPU3MaTHYE-
CKOM IIIMOHKH, YTO YMEHBIIAET €€ MePEKOC U KOHIEHTPaIuIo aapjieHus. OIHAKO
riy0oOKas KaHaBKa 3HAUMTEIILHO OCIa0IIIeT Bajl, MOATOMY CETMEHTHBIC IIMTOHKH
NPUMCHAIOT IJIA 3aKPCIITICHUA /:[eTanefI Ha MAJIOHAIrpy:KCHHbLIX YYdCTKax Bajia,
HaIpUMeEpP Ha KOHIIaX BaJIOB.

CermMeHTHBIC IMOHKH XapaKTEPU3YIOTCS JBYMS OCHOBHBIMH TapameTpa-
MMU:

IUPUHONW b W auaMeTpoMm 3arotoBku D . COEAMHEHHS CETrMEHTHBIMU
IITOHKAaMHK PACCUHHUTBIBAIOT TAK K€, KaK W IMPHU3MATHYCCKUC, T.C. AJIMHY HIITOHKH

117



! onpenensnot 1o Gopmysie (8.1) mpu Tex ke 3HAYCHHSIX JOMYCKAEMBIX Hampsi-
xeHui. [Ipu IIMHHBIX CTYMUIIAX MOXHO CTaBWTH B P MO OCH Bajia JBE CET-
MEHTHBIE TIIIMTOHKH.

B aBToTpakTOpHON TPOMBINUICHHOCTH TMPUMEHSIOT TAKXKE CETMEHTHBIC
IITIOHKH C JIFICKAMH - UCITOJTHEHHUE 2.

8.2. llliinueBbie coeqMHEeHUs

OTH COEAMHEHUS MOXKHO MPEJACTAaBUTh KAK MHOTOIINIIOHOYHBIC, Y KOTOPBIX
MIMIOHKH BBITIOJIHEHHI 33 OJHO Tienoe ¢ BajoM (puc. 8.2). [llnumessie coenmnne-
HHA IPUMCHAIOT B KQUCCTBC HCIIOABUIKHBIX IS JKECTKOIo COCAMHCHUA Bajia CO
CTYIHUIIEH KOJEC KOPOOOK CKOPOCTEH METANIOPEKYIIUX CTAHKOB; JJIs MOABHK-
HOTO COEAMHEHUS MEPEIBUKHBIX OJIOKOB 3y0UaThIX KOJEC KOPOOOK CKOPOCTEH
(oceBoe mepemenicHne 0e3 Harpy3KH).

H_[J'II/II_IGBBIG COCAMHCHHA HWMCIOT IO CPABHCHHIO CO MIIIOHOYHBIMH CJIC-
AYIOIIHE MPEUMYIIECTBA: a) OOJNBIIYI0 HECYIYIO CIOCOOHOCTH MPH OJMHAKO-
BbIX rabapurax Oyarojaaps 3HaAUMTENIbHO OOJbIIEH padoueh MOBEPXHOCTH U 0O-
Jiee PaBHOMEPHOMY PACIPEICICHHIO TABJICHUS MO BBHICOTE 3yObeB; 0) OOMBIIYIO
YCTAJIOCTHYIO MPOYHOCTHh BAJIa;, B) JETAJIA HA BajlaX JIydlle ICHTPUPYIOTCS H
HMCIOT JIYUILICC HAIIPAaBJICHUC MMPU NCPCABHUIKCHUN BAOJIb BaJia.

Pa3mepbl HMITMIEBBIX COEAMHEHUH, a TaKXKe JOMYCKH Ha HUX CTaHIapTH-
30BaHBI.

I'OCT 1139-80 npeaycmarpuBaeT TpU CEPUM COCAMHEHMI: JIeTKas, CPea-
HSSL ¥ TSDKEJasi; OHW OTJWYAIOTCS BBICOTOM M YMCIIOM 3yObeB. OCHOBHOE TIpUME-
HEHUE UMEIOT COCAMHECHHUS JIETKOW U CPETHEN CEPUN.
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Puc.8.2

[To dopme npodwmis pasnmuaroT 3yObs mpsmobounsie (puc. 8.2, a),
sBoTbBEHTHBIE (puC. 8.2, 0) u TpeyronbHbie (puc. 8.2, B). Hanbonkimnee pacmpo-
CTpaHEHHWE B HACTOSAIICE BPEMs UMEIOT MPSIMOOOUHBIE TIIUIIEBBIE COCTUHEHUS,
KOTOPBIE U PACCMATPUBAIOTCS HUXKE.

[Ipoduie npsAMOOGOUHBIX 3yObEB OUEPUUBAETCS OKPYKHOCTBIO BBICTYIIOB,
OKPY>KHOCTBIO BIAJWH W TIPSAMBIMH, OOpPa3yrOIMMH Ha Baly BBICTYIBI-3yObs
MIOCTOSIHHOM TOJILUHBI.

[InuueBbie COEAMHEHUS PA3IUYAIOT M0 CUCTEME LIEHTPUPOBAHUS CTYIH-
16l Ha BaJTy (LICHTPUPOBAHUE - COOCHOE TTOJIOKEHHUE COSANHACMBIX JeTaNeH);

Mo HapyXHOMY nuametpy D (puc. 8.2, a); 0 BHYTPEHHEMY JTHAMETPY d
(puc. 8.2, r); mo 6okoBbIM TpaHsaM ¢ (puc. 8.2, n). LlenHTpupoBanue no auamer-
paMm D unu d o0ecreurnBaeT BHICOKYIO COOCHOCTh BaJIa M CTYIHIBI IO CPaBHE-
HUIO C LIEHTPUPOBAHWEM MO OOKOBBIM TpaHsM. LleHTpupoBaHue MO GOKOBBHIM
rpaHsM ¢ oOecreunBaeT Oojee paBHOMEPHOE paclpeiesieHHe Harpy3Kd Mo
3yObsaAM. Ero mpuMeHSIOT NpU TAXKEBbIX YCIOBHAX PaboThl (yIapHbIE U peBep-
CUBHBIE HArPy3KH ).

Ecrmu TBepaocTh Mareprania CTYIHIBI TIO3BOJIAET 00pabOTKY MPOTHKKON
(<350 HB), To pexoMeHAyIOT IIeHTpUpoBanue mo D . [Ipu 3TOM neHTpUpyomue
MOBEPXHOCTH OTBEPCTHS KATMOPYIOT MPOTSKKOW, a LEHTPUPYIOILYI0 MOBEPX-
HOCTh Bana - mudoBanueM. [Ipu BEICOKOH TBEPAOCTH CTYNHUIBI PEKOMEHAYIOT
[IEHTPUPOBAHHUE TIO d . B 3TOM cilydae eHTpUpPYIOIIHAE TOBEPXHOCTH OTBEPCTHS
1 Bayia 00padaTeIBAlOT MUTH(OBAHUEM.

3a HOMUHAJIBHBIA TUAMETP COeAMHEHUs MPUHUMAIOT €ro Hapy KHbIH aua-
METp D, B 3aBUCHMOCTH OT KOTOPOTO W Ha3HAYAIOT Pa3MeEphl IUIMIEBOTO CO-
emuHenns 1o Tabm. 8.1 (3 FOCT 1139-80).

[IInuueBble COEAMHEHMS BBIXOAAT M3 CTPOS BCJEICTBHE MOBPEXKICHUSA
pabounx MOBEPXHOCTEH 3yObeB: CMATUA, U3HALIMBAHUSA, (PPETTUHT - KOPPO3HH,
3aeaHus M BCIICICTBHE TIOJIOMOK IUTHIIEBBIX BAJIOB M 3y ObEB.

CwmsATue n U3HOC pabounx MOBEPXHOCTEH 3yObeB CBA3AHBI C OAHUM U TEM
K€ MapaMeTpoM - HalpsHDKEHUEM CMATHA o,,. JTO MO3BOJAET PacCMaTpUBATh

o,, Kak 0000IIECHHbIN KPUTEPH pacuera U Ha CMATHE U HA M3HOC. Takoii pac-

YeT HA3bIBAETCs YMPOILEHHBIM PAcyeToM Mo 0O0O0OIIEeHHOMY KpuTepuio. B mo-
CJIeZIHEE BPEeMsI BBITIOJIHEH Psi padoT, B KOTOPHIX CAEIaHa MOMbITKA Pa3AeibHO-
ro pacueTa Ha CMSTHE W M3HOC C YUETOM CPOKa CITyKObI, pe)KMMa Harpy3KH H
np. Pesynbrarel iccnenoBanuit 0606menst B ['OCT 21425-75.

B ymnpomiennoii pacuerHod mojaenu (puc. 8.3) MPUHATO paBHOMEPHOE
pacrpeiefieHle Harpy3ku o JUiiHe 3yObeB.

Tabmmma 8.1
ZxdxD 8, d | a 1 - ZxdxD 8, d | a /1 r
MM Puc. 82,r Puc. 8.2,a MM | Puc 82r Puc. 8.2,a
Jlerkas cepus 8x52x60 | 10 | 487 | 2,44 |
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6x23%26 6 22,1 3,54 8x56%65 10 | 522 | 25
6x26%30 6 246 | 3,85 0,3 02 8x62x72 12 | 578 | 24
6x28%32 7 26,7 | 4,03 10x72x82 12 | 674 - 0,510,5
8x32x36 6 304 | 2,71 10x82x92 12 | 77,1 | 3,0
8x36x40 7 345 3,46 0,4 0,3 | 10x92x102 | 14 | 873 | 45
8x42x46 8 404 | 5,03 10x102x112 | 16 | 97,7 | 6,3
8x46x50 9 44,6 | 5,75 Tsoxenas cepusi
8x52x58 10 | 497 | 4,89 10x16x20 25| 14,1 -
8x56x62 10 | 53,6 | 6,38 10x18%23 3 15,6 - 0,3 10,2
8x62%x68 12 | 59.8 | 7,31 10x21x26 3 18,5 -
10x72x78 12 | 69,6 | 5,45 0,5 0,5 10x23%29 4 20,3 -
10x82x88 12 | 793 8,62 10x26x32 4 23,0 -
10x92x98 14 | 89.4 | 10,08 10x28x%35 4 24 4 -
10x102x108 | 16 | 99.9 | 11,49 10x32x40 5 28,0 - 0,403
10x112x120 | 18 | 108,8 | 10,72 10x36x45 5 31,3 -
Cpennss cepus 10x42x52 6 399 =
6x16x20 4 14,5 - 10x46x56 7 40,9 -
6x18x22 5 16,7 - 16x52x60 5 47,0 -
6x21%25 5 19,5 1,95 0,3 0,2 16x56x65 5 50,6 -
6x23%28 6 21,3 1,34 16x62x72 6 56,1 -
6x26%32 6 23.4 1,65 16x72x82 7 65,9 - 0,510,5
6x28x%34 7 25,9 1,7 20%x82x92 6 75,6 -
8x32x38 6 29 4 - 0,4 0,3 | 20x92x102 7 85,5 -
8x36x42 7 33,5 1,02 20x102x115 | 8 98,7 -
8x42x48 8 395 | 2,57 20x112x125 | 9 | 104,0 -
8x46x54 9 427 -

Vcnosue IMPOYHOCTH IO AOIIYCKACMbIM HAIIPAKCHUAM CMATUA UMCCT BU.

5 20007
M K, zhd I

<loanl

(8.3)

rae T — nepenaBaeMslid Bpamaromuii MoMeHT, H.M;
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K,=0,7..08 - kK03(pPUIHEHT, yUNTHIBAIOIMNN HEPABHOMEPHOE paclpeie-
JIEHWE HArpy3Ku MEXKIy 3yObsIMU U BAOJIb 3yObEB;
z - YHUCJIO 3yObEB;
h=05(D-d)-2f - pabouas BbICOTa 3yObEB, MM,
dcp =0,5(D +d) - cpelHUH THAMETP COCTUHECHHUS, MM,

/ - pabouas ajiMHa 3yObeB, MM.

Jns w3nenuid oOIIEro MaIIMHOCTPOCHHA M MOABEMHO-TPAHCIOPTHBIX
YCTPOMCTB, PACCUYMTAHHBIX HA JUTUTENIbHBIM CPOK CIIy»KOBI, JOMyCKaeMmble' Ha-
NPsSHKCHUAA [Gm ] =35..200MIIa v 3aBUCAT OT TBEPAOCTH U YCIIOBUHN SKCILTyaTallMU
[4].

B cTaHKOCTpOEHNN PEKOMEHAYIOT 00OJIe€ HU3KUE 3HAUEHUS:

[0..]=12..20MITa nnst HEMOABMIKHBIX COEMMHEHHHA;

[o.,]=4.7MIla nna nonmxHBIX coenuHeHuii 6e3 Harpysku. M3 ypasHe-

Hus (8.3) onpenensaioT JMHY CTYIHUIIHI
1> 20001 (8.4)
K,zhd, 0., ]

8.3. CoequHeHHus MOCAAKOM C HATATOM

CoenuHeHnus Bajla cO CTYMHULEH MOCAAKOW C HATATOM OCYIIECTBIISIOT 3a
CUET MX TPEABAPUTENLHON NedopMalu Ipu cOOPKE 3ampecCOBKOM OTHOU Jie-
TaJau B APYTYIO, T.€. 3TU COEIUHEHUS - HANPSKECHHBIE.

Hatarom N Ha3bIBarOT MOJIOKUATEIBHYIO PA3HOCTh TMAMETPOB Bajia U OT-
BepcTrs: N=B-A (puc. 8.4, a). [locne cOopku BCIEACTBHE YIIPYTHX U TIaCTHYE-
ckux Aedopmanuii 1uameTp d MOCaJO0YHBIX MOBEPXHOCTEH CTAHOBHUTCA OOIIMM
(puc. 8.4, 6). [Ipu 5TOM Ha MOBEPXHOCTH TOCATKHA BO3HUKAIOT KOHTAKTHOE /1aB-
JIEHHWE p U IPU NEUCTBUM HA JETaJIM OCEBOM CUJIbI WM BPALLAIOIIEr0 MOMEHTA -
CHJIBI TPEHU A, TPEMATCTBYIOIINE OTHOCUTEIIBHOMY CMEIIEHUIO AETAJICH.
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Puc. 8.4

YBenuuennio KO3(pUIMEHTAa TPEHUA CIMOCOOCTBYIOT (10 OMpPEAeTIECHHBIX
NPE/ICIIOB) MUKPOHEPOBHOCTH Ha COMPSATAEMBIX MOBEPXHOCTAX. [Ipm cOopke 3a-
npeccoBKOM A(DPeKT BIMSHUSA MUKPOHEPOBHOCTEH CHUXKAETCA, T.K. OHM CMHHA-
fotcs. [locie HekoTOpoTo Meproaa FKCITyaTallud COSAMHEHNA YCTaHABIIUBACT-
Csl OMpEJIEJICHHAs BEJIMUYMHA HEPOBHOCTEH. Hapany ¢ naBieHnem oHa onpeaens-
€T SKCIUTyaTaIl[MOHHYIO HAJE)KHOCTh COCTMHEHUS.

JloCTOMHCTBA COCAMHEHUN MMOCAAKON C HATATOM. OHU CPAaBHUTEJIBHO JCIICBBI
¥ TIPOCTHI B BHITIOJTHCHUH (TMPH HEOONIBIINX HATATAX MPUMEHSIETCA MPOCTOC Me-
XaHUYECKOE TMPECCOBAHMUE), OOECMEUMBAIOT XOPOIIee LEHTPUPOBAHUE COMPS-
racéMbIX JACTalIeH M MOTYT BOCIPHHHUMATh 3HAYUTEIBHBIC CTAaTUUECKUE W JTMHA-
MUYECKHe Harpy3ku. OO0JacTH MPUMEHEHHS TaKWX COCAUHEHHI HENMpPEPbIBHO
PaCIIUPSIOTCS.

Henocratku coeiMHEHUNA: BBICOKAs TPYAOEMKOCTh COOPKM NPH OOJBIIMX Ha-
Tsrax (HEOOXOIUMO TIPUMEHATh HArPEB OXBATHIBAIOIIEH NETAJIM J0 TEMIIEPaTy-
pol 300°C B MacisHON BaHHE M OXJIAXKJCHHE 10 TemmepaTtypsl - 150°C B xua-
KOM a30T€ OXBaTHIBAEMOW JETallN); CIIOKHOCTh Pa3OOPKH M BO3MOXKHOCTH ITO-
BPEXKJACHUA TIPH 3TOM MOCAJOUYHBIX MOBEPXHOCTEH; BHICOKAsA KOHLICHTPALIUS Ha-
NPSHKSHU, CKIIOHHOCTh K KOHTAKTHON KOPPO3WH ((PpEeTTHHT-KOPPO3HS); OTCYT-
CTBHC JKECTKOM (PHKCAITMH JICTAJICH.

Pacuer coeanHeHus BKIIIOUAET OMpeaeieHe HEOOXOIMMOrO HATATa U COOT-
BercTByHOoNIe emy nocaaku no 'OCT 25347-82 nns nepenaun 3aJaHHBIX Bpa-
MIAIOIIET0 MOMEHTA W CABUTAIOMNIEH (OCEBOM) CHJIBI, T.€. 00ECTICUCHUE TIPOUHO-
CTH CLEIJICHHUA, a TAKXKE MPOBEPKY MPOYHOCTH COCMHAEMBIX netanei. Heobxo-
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JUMada BCIIMYHMHA HATAra OnpeaciIaCTCA BEJIMUMHOM JABJICHUS HA MOCAA0YHOM
MOBCPXHOCTH. I[aBJ'IeHI/Ie P AOJIKHO OBITh TaKHUM, qTOOBI CHJIBI TPpCHUA OKasa-
JIACH OOJIbIIIE BHEITHUX CABHUIarOIMMX CHJI.

[TocnenoBaTeabHOCTD pacucTta

I. CpenHee KOHTAKTHOE MABJICHHWE MPH OJHOBPEMEHHOM HArpy>XE€HWUHM COEIU-
HEHUS BpAIAOIIMM MOMEHTOM 7 W CABWTaromed cuioi F, (oceBas Cuiia B

3yOuaroit wim yepBsuHoi nepenade), Mlla:

K\/(zooc(l)-Tj +F?
= porr : (8.5)

rae K =15..4 - xkod3pduinmeHT 3amnaca CICIUICHUS, [ - BpaIlalOIIui MO-

MeHT Ha kojece, H.m; F, - oceBas cuna, H; d - nuamerp coenunenus (Bana),
MM, / - JUIAHA COTPSDKEHUSA, MM, f - KO3(QPHUIIUEHT TPEHUS HA TOBEPXHOCTH

COTIPSDKEHUS AeTajiel, 3HaUeHHE KOTOPOro MPUHUMAIOT: TpHU cOOpKE MpeccoBa-
HUEM JJIsi MaTEpPUaAJIOB JETaliel cTajib-CTaib U cTanb-uyryH f = 0,08, crajb-

Opon3a, uyryH-Opon3a f = 0,05; npu cOOpke ¢ HAarpeBOM COOTBETCTBEHHO [ =
0,14u 5 =0,07.

2. PacuerHblit Hatar N, A 0OecTeueHUs NABICHUSA P ONPEIENSIOT U3
PEIICHUS 331a4U O PACUYeTe TOJICTOCTEHHBIX COCYA0B 1o dopmyie Jlsime, MkM;

Np :103Pd{_C1 Czj) (86)
l ( 1j
d

1 2
2
1+ (ij
dZ
rae C, = — w;C, = 7+ W, - KOOPQPUIMESHTHI KECTKOCTH, d,
1
RO
- BHYTPEHHUHN IuaMeTp Bajia (A1 CIUIOMIHOTO d, =0); d, - HApY>KHbII TUaMETP
CTYNMHULBL, £, U E,, 4 W 1, - MOIYJIH ynpyroctu u ko3dgduiments! [lyaccona
MaTepuasoB Bajla U CTYIHULBI COOTBETCTBEHHO:
s crame E = (2,1...2,2).10° MIa, x~03;
st ayryHa E = (1,2...1,4).105 MlIla, x~025;
st 6pomset E = (1,0...1,1).10° MITa, z~033.
3. Harar nocaaku N , U3MepseMbld MO BEPIIMHAM MHUKPOHEPOBHOCTEH
(puc. 8.4, B), MKM:

N=N, +u, (8.7)
i€ U - TIOTIPaBKa HA OOMSTHE MEKPOHEPOBHOCTEH.
u=12(R, +R, )~55(R, +R,,) (8.8)

3nech R, ,R, - BBICOTA MHKPOHCPOBHOCTEH, MKM; R,,R, - CpemHue

al»
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apupMETHUCCKIE OTKIIOHCHHS MPOQHIIA MOBEPXHOCTEH Bajia M1 OTBEPCTHS COOT-
BETCTBEHHO, MKM. 3HaueHusd R, U R, BbIOMpatoT mo tadm. 8.2.

Tabnuna 8.2
HNurepBaibl Ban | OtBepcrre
pasMepoB  CoO- Kayiurer
npsraemMbIx mo- | 6.7 | 8 | 9 6,7 | 8 | 9
BEPXHOCTEN R, , MKM R,,, MKM
Cs. 18 510 50 0.8 | 16 08 | 16 32
Cs. 50 no 120 0,8 1,6 1,6 3,2
Cs. 120 oo 500 1,6 3,2 1,6 3,2

4. I3MeHeHue Hatsra B Cllydae, €Clid COeIUHEHHE paboTaeT mpu TemIe-
parype, 3HAUMTEIIbHO OTJIHYAIOIIEHCS OT TeMIepaTypsl coopku (7, = 20°C ), ipu

pasHbIX Kod(h(HUIMEeHTaX JWHEWHOTO PACITUPCHUS] MaTepHAIOB AeTaied (s
PEAYKTOPOB - 3TO COCAMHEHHUE UEPBAYHOTO KOJIeca C BaJIOM M COEIMHEHHE 3y0-
YaToro BEHI[A U [IEHTPA YEPBAYHOTO KOJIECa), MKM:
5, =100dA (e, — 1)), (8.9)
rae Ar=1-t, - mepenan temmneparyp (padoueii u npu cOOpKe); «,,c, - KO-
3¢ PUIMEHTHI TMHEWHOTO PACIIMPEHUs; 3HAYCHHU KOI(PPUIIMEHTOB « : UIS CTa-
- 12-10° 1/°C ,uyryH - 10-107° 1/°C, OpoH3bI - 19-107° 1/°C .
5. MuHuMabHBIH JTIOMYCKAeMblid HATAT, MOTPEOHBIA JiA Mepenayd Ha-
IPy3KH, MKM:
[V ]>N, +u+6, (8.10)
6. MakcuMaJIbHBIH HATAT, MOMYCKAEMbId MPOYHOCTHIO OXBATHIBAIOIIEH
neTanu (CTYTHIIBI, BEHITA), MKM:

min
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[Ipn pacuete coenMHEHUA CIYy4aeTCs, YTO MPH 3aJaHHON UIMHE COMNpA-
KEHUS (JUTHHE CTYTHIIB ) HEJIb3s IMepeaaTh Harpy3Ky TOJIBKO 3a CUET CHIT TPEHUS
B COCMHECHUHM, a4 YBEJIMUMBATh JJIMHY CTYIHIbI HEKENATEIbHO, T.K. 3TO MPUBO-
JUT K YBEIMUEHUIO OCEBOrO radaputa peaykropa. Toraa JIOMOJHHUTEIBHO HC-
MOJIB3YIOT MPHU3MATHUYECKYIO IMOHKY. [Ipw 3TOM mocaaky BHIOMPAOT TaKOM,
uto0el N <[N_ |, m onpenensror Bpamaromuii MOMEHT, KOTOPBIA MOMKET Te-

penars 310 coeauHenue, Hw:

2
Sk (8.13)
2000- K

TP

N

r

10°d(C, /E, +C, | E,)
BO3HMKAET IPU 3aMPECCOBKE C HATATOM N ,, COOTBETCTBYIOIIEM BEIOPAHHOM IO-

rac p - KOHTAaKTHOC HABJICHHUC B COCAMHCHHHN, KOTOPOC

caznke. [Ipy 5TOM HaTAr N, ONpEnenseTcs TaK:
N,=N,, —u—-5, (8.14)
31eCh N, - MUHUMAJIbHBIM HATAT BRIOPAHHOM MOCAIKHU.

[[TnoHKY MPOBEPSAIOT MO BPALIAOIIEMY MOMEHTY
Ty =T —Tp (8.15)

8.4. Ilpumep pacuera coelMHEHHS MOCAAKOI ¢ HATSITOM 3y04aToOro KoJeca ¢
BaJIOM.

Ucxonnbie nanHbie (B3ATHI U3 1. 2.8):
7=1950Hwm; F,=2307H; d=85Mm (cMm. mpumep pacuera Bama), d, =0;
d,=d,;, =391,64 MM; [ =78 MM,

Marepuan xoneca — crtanme 40XH (o, =630Mlla); E =E, =21-10°Mlla;
i, =, =03, =008, HIEPOXOBATOCTh COCAUHAECMBIX MOBEPXHOCTEN - R, =0,8

MKM; R, =16 MKM.

IlocienoBaTe IbHOCTD pac4dera

[To dopmyne (8.5) onpenensiem cpeaHee KOHTAKTHOE AaBJCHUE, 0Oecmeun-
BAKOILIEE TEPeIavy 3aJaHHON HArPy3Ku

2 2
K\/(zooom} o 475\/(200(;-5195% + 307
(04

p= = =124,1MIIa;
z-d-l-f 3,14-85-78-0,08

2. OmnpenensieM pacueTHBIA HATAT N, JUIA 00€CTICUeHUS JaBJICHUA 1O (HopMy-
ne (8.6)
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N, =10 p-d S S| 2107124185 07 L% 1 1055mKm,
E 21-10°  21-10
1+(85/391,64)
rae C,=1-u =1-03=07; C, = +(85/391 )+0,3=1,4.

1-(85/391,4)
3. [TonpaBka Ha 0OMATHE MHKPOHEPOBHOCTEH 110 hopmyiie (8.8)
u=55R,+R,)=5508+16)=132 MKM.
4. OnpenensieM MUHUMAJIbHBIN TOTYCKA€MbIH HATAT, TOTPEOHBIN M1 mepe-
naur Harpy3ku, o gopmyse (8.10) mpu 6, =0:
[V..]=N, +u>1055+132=1187 MKM.
5. MakcuMaTbHBIH HATAT, JOMYCKAEMBbI MMPOYHOCTHIO CTYIHIIBI KOJIECA, OTIpe-
nensem o gopmyne (8.11):
[V ]=|6 | +u<2552+13,2=268,4 Mxm,
pla - No 300,2:1055

= =2552 ;
rae [5]... p oI ,2 MKM,
. - a”[l—(za’/dz )2]: 630[1—(852/391,64)2]: 3002 MITa.
6.1lo [N, ]=118,7 Mmkm u [N, ]|= 2684 MKkM moaOupaeM nocaaky no tad. 8.3

- @85H—: , Y KOTOpOH N_, =140 MKM, N__ =216 MKM.
X

7. OnpeenseM Bpalialomuii MOMEHT, KOTOPBIH MOXET MepeaaTh COCTMHCHHIE
C BBIOpAHHOM MOCAAKOM:

o ¢opmyne (8.14) N, =N_, —u—35,=140-13,2-0=126,8 MKM;

o opmyJie

P — . 12638 - =1492 MTTa;
10°d(C, /1 E, +C,/E,) 10°-85(0,7/2,1-10° +1,4/2,1-10°)
no popmyre (8.13)
2 2
_zpedilof 314149285 78:008 g on

P

2000- K 2000-4,5

T.€. BbIOpaHHas Mocagka o0ecneuyrBaeT Mnepeaavy 3aJaHHOTO BPAIAKOIIETO
MOMEHTA.

9. Be16op npuBoaHBIX My(pT

W3 MHOTOYHCIIEHHBIX yCTPOWCTB, HA3bIBAEMBIX My(TaMu, PacCMaTPUBAIOTCS
TOJIBKO TPUBOTHBIE MY(TH MEXaHUUECKOTO NCHCTBHSA, MPEIHA3HAUCHHBIE IS
nepeayy BPAIAKoIIero MOMEHTA MEX/IY BaJaMu, ABAIOLIMMUCS MPOIOJKEHH-
€M OIWH JIPYroro, WM MEXKAY BaJOM W YCTAHOBJICHHBIMH Ha HEM AETAJSAMU:
3yOuaThiMU KOJIECAMH, IIKMBAMHU, 3Be370uKaMu. CylecTByeT OOJIbIIIOE MHOTO-
o0Opasue KOHCTPYKIHi My(dT, KOTOPbIE MOKHO TMOAPa3AenuTh Ha 4 rpynms [22]:
1) HepacuemisieMbie WM HEyIpaBiseMble (A7 MOCTOSHHOTO COCAMHEHUS Ba-
JIOB) - JK€CTKHE HETOJABUKHbBIEC, )KECTKHE KOMITeHcupytomue (cm.tabdm. [1.8), yn-
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pyrue komnencupytomue (cm.1abn.I1.9, I1.10);
2) ynpaBisieMbie (pacueruisieMble) - KyJIAdKoBble W 3yOuarbie, (PPUKIIMOHHBIE
(em. Tab6m. I1.11, [1.12); 3) camoaeicTBYIOMAE WA CaMOyTIPaBIIsieMbIe (paciien-
JIIEMBIC) - TIEHTPOOCIKHBIC, OOTOHHBIC (CBOOOTHOTO X0/a), MPEAOXPAHUTEITb-
Hble; 4) cnenuanpHbie - KoMOuHUpoBaHHbIE (cM. Tabn.I1.13), yHukanbHble.

Hapsany ¢ mepenadeii Bpararomero MoMeHTa My(Thl BBITTOJHAIOT PA APY-
rux (pyHKIHi:

1. O0ecnieuenre B3aMMHOM HEMOABMIKHOCTA COEIMHSIEMBIX JETAJIEH- KECT-
KHE HETIOABHKHBIC MYQTHI.

2. Bo3MokHOCTh paboOTHhl MPHM MOKa3aHHBIX Ha pHC. 9.1 OTHOCHTENBHBIX
CMEIIEHUX BAJIOB - KOMIICHCHPYIOIIHE MY (DTHI.

3. Yayuinenne TMHaAMAYECKAX XapAaKTEPUCTHK MTPUBOAA - YIIPYTHE MY THI.

4. BO3MOKHOCTb COCIMHEHHS WM Pa3beIMHEHHS BAJIOB U IPYTHX JeTajiel
Ha XOAy WX B HETIOJABMXHOM COCTOSIHUW (BKJIFOUCHWE W BBIKITIOUSHHUE MCIIOJI-
HUTEJIbHOTO MEXaHW3Ma MPH HENMPEPBIBHO padOTaroIieM ABUTaTese) - yrpas-
JIIEMbIE MY (THI.

5. PerynupoBaHue mnepenaBaeMoro MOMEHTA B 3aBUCHMOCTH OT YIJIOBOM
CKOPOCTH - IIEHTPOOEIKHBIE MY (PTHI.

6. [lepenaua MOMEHTa TOIHKO B OJTHOM HAMPABIICHUN - OOTOHHBIE MY(THI.
7. OrpaHuueHHe MepeaaBacMoro MOMEHTA C LEIbIO MPEIOXPAHCHUS Ma-
IIUHBI OT TEPETPY3KH - TPEAOXPAHATEITHHBIC MY THI.
canst

t‘ = = ;
A-aceboe cmeugerue
g Y
§-paduaneqoe
| | [ cMewerue
=
&-y2noboe

—— e
e

(S}

A KoMOuHupo-
: i~ + BanHoe omo-
: 4 LyeHup

Puc. 9.1

B Tex cnmyuasx, korja HU OAHA M3 OTMEUEHHBIX BHIIIE MY(T HE MOXKET
MOJTHOCTBIO YJIOBIIETBOPATh BCEM TPEOOBAHUAM, MPEABABIAEMBIM K COEAUHE-
HUIO BaJIOB, MPUMEHSIOTCS KOMOMHUpoBaHHbIe My(Thl. Ha mpakTuke yarie Bce-
r0 WCMOJB3YIOT KOMOMHALUIO - YOPYTUX MY(T ¢ yIpPaBIsSeMbIMU WU TPEIO-
XpaHuTensHbIME (cM. Tabm. 11.13).

Hawmbonee pacnpoctpanennbie MydThI (CM. TIPWIOKEHHUE) CTaHIAPTH30-
BaHbl. OCHOBHOM HArpy3ko# it My(T SBJISIETCS BpAIIAIOMUi MOMEHT. B cBs3n
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C 3TUM UX HArpy304HyI CIIOCOOHOCTh MPHUHATO OLIEHWBATh JAOMYCTHUMBIM Bpa-
[IAIOINIMM MOMEHTOM 7, 3HAUEHHUs KOTOPOTO BMECTE C pa3MepaMu, MAcCcoi u

JPYTUMU TaHHBIMH YKA3bIBAIOT B AaCOpTax Myr.

[Ipu ompenenennn pazmepoB MyQTH HCXOTHBIM OOBIYHO ABIISETCS MaK-
CUMAJIbHBIMA BPAIIAIOIMIMA MOMEHT. DTOT MOMEHT B OTACJIbHBIX CIyUYasx MOMKET
OBITH OTIPEJICIICH PACUETOM C YUE€TOM XapaKTepa Harpy3Ku CO CTOPOHBI JABUraTe-
7 ¥ paboyero opraHa MalllMHbl U BEJIMYMH MaxoBbIX Macc. [Ipu mpubnumxeH-
HBIX PacueTax MaKCUMAJIbHBIN BPALIAIOIINI MOMEHT OMPEACIISIOT YMHOKEHUEM
HOMHWHAJIBHOTO BPAIaloIIero MOMeHTa Ha Ko3(puimeHT pexuma padotsl K,
YUHTBHIBAIOIIMN BUJA ABUTATENsA, BUA pabouel MalIMHbI U BEJIUYHUHY Pa3roHse-
MBIX MacC, T.€.

T =K-T,,<T, 9.1

OO0byHO 3HaueHUs KOA(PPUIMEHTA PeKUMa pabOThl yCTAHABIMBAIOT HA
OCHOBAHWHU OMBITA SKCILTYyaTAllUXA MAITUHBI.

Hwxe mpusenensl 3naueHus xodgduimenta pexuma K mist HeKOTOphIX
maruH [22]:

[{enTpoOexkHBIE HACOCH! (IPUBO OT ANEKTPOABHATATENS)... K =2 -3

Bozayxonysku (mpuBOI OT JEKTpOABUTATENS) ... K =125-2

JlepeBooOIeIOUHBIE CTAHKH, PEMEHHBIE WJIH IICTHBIE TPAHCIOPTE-
pHl...K =15-2

[ToprrHEBBIE KOMTIPECCOPHI (TIPUBOJ OT AIEKTPOABUTATENS)... K = 2,253

Metamuopexxyme CTaHku... K =1,25-2,5

MenbHUIIBI- P OOHITKH:

MyQTa MEXIY MOTOPOM U Tiepeaaueit... K = 2,5

MydTa MEXIy Tepeaadei U MarmHou. .. K = 4

Kpa#nsl, nogb€MHUKH, 371€BATOPHI... K =3 -5

ABTOMOOMIH... K =1,2-1,5
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ITpunoxenue

Tabmuma I1. 1
[_Uapl/lKOl'lOIlLLll/ll'lHl/lKl/l paarualibHbIC
Omnopsgasie mo 'OCT 8338-75

8 T A
Ycnos | d D B I'py3o- VYe- d D B I'py3o-
HOE OAbEM- JIOBHOE MOABbEM-
06o0- HOCTh, KH | 000- HOCTh, KH
3Ha- C, C,. |3Haue- C, C,
YCHHUC HHUC
noa- MM noa- MM
uII- M-
HHUKa HHUKa
1 2 [ 314516 7 8 o J1oli11]12

Ocobo yierkas cepust 207 35 |72 |17 |255|3,7

104 20 |42 |12 193645 |208 40 |80 |18 (32,0178
105 25 |47 |12 [112]56 |209 45 |85 |19 [332]18,6
106 30 |55 |13 [133]6,8 [210 50 |90 |20 35,1198
107 35 |62 |14 [159]8,5 |211 55 100 |21 [43,6 25,0
108 40 |68 |15 16,8193 [212 60 [110 |22 [52,0]31,0
109 45 |75 |16 |212]122 (213 65 120 |23 [56,0 (34,0
110 50 |80 |16 [21,6[132]214 70 125 124 618375
111 55 |90 |18 |28, 17,0215 75 130 |25 [663[41,0
112 60 |95 |18 (29,6183 216 80 |140 |26 [70,2[45,0
113 65 100 |18 (30,7 ]19,6 |217 85 |150 |28 [89,5]53,0
114 70 |110 |20 [37,7 1245|218 90 [160 |30 [95,6]62,0
115 75 115 |20 (39,7 126,0 219 95 |170 |32 |108 [69,5
116 80 | 125 [22 [47,731,5]220 100 [ 180 |34 124 [79,0
117 85 | 130 |22 1494 |33,5 | Cpennss cepusi
118 90 140 |24 [572139,0]304 20 [52 |15 159178

119 95 145 |24 60,5 ]41,5|305 25 |62 |17 225114
120 100 | 150 |24 60,5 141,5]306 30 [72 |19 29,1146
Jlerkas cepust 307 35 |80 |21 [33,2]18,0
204 20 |47 |14 1127162 |308 40 |90 |23 [41,0[224
205 25 |52 |15 114,0]16,95 (309 45 100 |25 [52,7]30,0

> > ) )

206 30 (62 |16 [19,5]10,0 310 50 100 127 |61,8]36,0
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[Tponomxkenune Tadn. I1.1

1 2 3 |4 |5 6 7 18 |9 |10 |11 [12
311 |55 120 129 |71,5 |41,5 |Tsxkenas cepus
312 |60 [130 |31 |81,9 [48,0 |403 17 (62 |17 1229 |11,8
313 |65 [140 |33 (1923 |56,0 |405 25 |80 |21 [364 |204
314 |70 150 |35 [104,0 {63,0 |406 30 (90 |23 (47,0 |26,)7
315 |75 [160 |37 |1120 72,5 |407 35 | 100 |25 553 |[310
316 |80 [170 |39 [124,0 {80,0 |[408 |40 |110 |27 |63,7 |36)5
317 |85 |[180 |41 |133,0 {90,0 [409 |45 |120 {29 |76,1 |45)5
318 |90 [190 |43 [143,0 {99,0 |410 50 130 |31 (87,1 |520
319 195 (200 |45 |153,0 {110,0 |411 55 |140 |33 11000 |63.0
320 100 |[215 |47 |174,0 {132,0 |412 60 |[150 |35 ]108,0 |700
413 65 [160 |37 [119,0 | 78,1
414 70 180 [42 [143,0 | 1050
416 80 200 |48 | 1630 | 1250
417 85 210 |52 1740 | 1350
Tabmuna 1.2
Ponukonon-
NN
IMATTHUKK ~ paJuaiib- % - -
HEIE C  KOpOTKEMH  [(Z2 JL/ L
ATAHIPUICCKAMHA | ing ‘“‘\QSI ~ _ | .
pormkamu o [TOCT Tun 2000 Tun 12000 Tup 32000 Tun 42000
8328 — 75
O0o03HauEHUE Pazmepsi, Mm ['py3onoabeMHOCTS,
Tun kH
2000 |12000 |32000 |42000 |d D B C; Cos
1 2 3 4 5 6 7 8 9
Jlerkas y3kas cepust
2204 | 12204 |32204 |42204 |20 47 14 14,7 7,35
- - 32205 |42205 |25 52 15 16,8 8.8
2206 | - 32206 | 42206 |30 62 16 224 12,0
2207 | 12207 |32207 |42207 |35 72 17 31,9 17,6
2208 12208 | 32208 |42208 |40 80 18 41,8 24,0
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IIponomxkenne Tada. I1. 2

1 2 3 4 5 6 7 8 9

2209 - 32209 142209 |45 85 19 44,0 25,5
2210 112210 32210 [42210 |50 90 20 45,7 27,5
2211 12211 32211 [42211 |55 100 |21 56,1 34,0
2212 112212 32212 [42212 |60 110 22 64.4 43,0
2213 12213 32213 [42213 |65 120 |23 76,5 51,0
2214 - 32214 - 70 125 124 79,2 51,0
2215 - 32215 42215 |75 130 |25 91,3 63,0
2216 - 32216 42216 |80 140 26 106,0 68,0
2217 42217 |85 150 |28 119,0 78,0

2218 12218 32218 42218 |90 160 [30 1420 1050

- 32219 42219 |95 170 |32 165.0 112,0

2220 - 32220 - 100 180 |34 1830 1250

Jlerkas mmpokas cepus
2505 - - - 25 52 18 229 12,9
- - - 42506 | 30 62 20 31,9 19.0
- 12507 | 32507 - 35 72 23 473 29,0
- - 32508 - 40 80 23 56,1 35,0
- - 32512 60 110 |28 93,5 68,0

- - - 42516 | 80 140 |33 1470 115,0

- 32518 - 90 160 |40 1940 150,0

- - 95 170 |43 2290 1700
- - 32520 | 42520 | 100 180 |46 260.0 1930
Cpennsisa y3kas cepust

2305 - - 42305 |25 62 17 28.6 15,0
2306 - 32306 |42306 |30 72 19 36,9 20,0
2307 | 12307 |- 42307 |35 80 21 44.6 27,0
2308 | 12308 | 32308 |42308 |40 90 23 56,1 32,5
2309 | 12309 |32309 |42309 |45 100 |25 72,1 41,5

2310 112310 32310 [42310 |50 110 |27 88,0 52,0

2311 [ 12311 |32311 |42311 |55 120 |29 102,0 67,0

2312 112312 32312 42312 |60 130 |31 1230 76,5

2313 - 32313 42313 |65 140 |33 138,0 85,0

2314 32314 42314 |70 150 |35 151,0 102,0

2315 | 12315 32315 |42315 |75 160 |37 183.0 125,0
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ITponomxkenue Tadmn. I1. 2

1 2 3 1 5 6 7 8 9

2316 | 12316 | 32316 [42316 |80 170 139 190,0 1250

2317 32317 42317 |85 180 |41 2120 146.0

2318 | 12318 | 32318 - 90 190 |43 2420 160,0

2319 32319 42319 |95 200 |45 2640 190,0

2320 [ 12320 |32320 [42320 | 100 251 |47 303,0 2200

CpenHsist UpOKas Cepust

- - 32605 25 62 24 41,8 24,5

- - - 42606 |30 72 27 50,1 29,0

- - 32607 42607 |35 80 31 58,3 38,0

- - 32608 - 40 90 33 80,9 51,0
2609 | 12609 - 42609 |45 100 |36 96,8 67,0

- - 32610 - 50 110 40 121,0 80,0
2011 - - - 55 120 143 1380 98.0
2612 32612 42612 |60 130 |46 168.0 1140

12613 | 32613 [42613 |65 140 |48 190,0 129.0

42614 |70 150 |51 2120 160,0

2615 - 32615 42615 |75 160 |55 2600 200,0

- - 32616 |42616 |80 170 |58 2750 200,0

- - 32617 85 180 160 297,0 230,0

42618 |90 190 |64 330,0 2400

2619 - 32619 95 200 |67 374.0 300,0

- - - 42620 [ 100 215 |73 4400 355,0

Tsoxenad cepus

2409 - - 42409 |45 120 |29 106,0 69,5
- - 32410 42410 |50 130 |31 130,0 86,5
2411 - 42411 |55 140 |33 1420 86,5

- 32412 42412 |60 150 |35 168.0 106,0

2413 - 32413 42413 |65 160 |37 183,0 1270

- - 32414 70 180 |42 229.0 163.0

42415 |75 190 |45 264.0 173,0

2416 | 12416 | 32416 80 200 |48 303,0 200,0

32417 42417 |85 210 |52 319,0 2280

- 12418 32418 - 90 225 |54 385,0 2600

- - 32419 95 240 |55 4190 280,0

- - - 42420 | 100 250 |58 4290 320,0

Tab6muma I1.3
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Tabauma [1.10

Mydra ¢ pesunoBoit 3Be3moukoii mo [[OCT 14084-76

A-A
L
A,
) [
S
A S g
T 4
SR/
G 7 8
ITapameTpsl 1 pazmepsl (MM) MyQTHI
T, Npax | D D | D, d d, |[L [ B Homyctrmoe
Hwm mun’! CMEIIECHHE
BaJIOB
pam [ yrio-
16,0 | 4500 | 53 50 | 26-28 [ 12-18 (26| 81 | 15| 30 |10,5| 0,2 1.5
31,5 14000 | 71 70 | 30-34 | 16-22 |30 | 101 | 15] 40 [125] 0,2 1,5
63,0 | 3500 | 85 80 | 36-42 [ 20-28 (36| 128 |22 | 50 |14,5| 0,2 1,5
125,01 3000 | 105 | 100 | 45-55 | 25-36 | 45| 148 | 22| 60 [16,5]| 03 1,5
250,01 2000 | 135 | 130 | 55-70 |32-45|56| 191 |25 | 80 |18,5] 0.4 1,0
400,0 | 1500 | 166 | 160 | 63-75 | 38-45 |67 | 196 |30 | 110 |20,5]| 0.4 1,0

Ly

HE\\ AN !
uu
62
6)

£ 5
N f:r:]: N
_¢ _$

N

Tab6muma I1.11

MHoroauckoBbie PpuKIHOHHbIE My ThI 110 HOpMaan MH 5656-65:
a) OJTHOCTOPOHHETO JACHCTBUSA,
0) TBYCTOPOHHETO MCHCTBHS.
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Tabmuua I1.13
Kom6unanpoBaHnHas nByXKOHYCHas ()pUKLIMOHHAS
npeaoXpaHuTenbHas Mydra

A-A
U nonxu yeaobup
_C_ B CreweHsl
é % 2
o : ?
A0
2N\
K ! G |
T,H.M D dA d1 L B l C D1 Dz K
50; 70; 90; 120 200 | 35 60 100 | 85 62 3,0 [160 |110 |20
150; 200 250 |40 75 100 |90 82 3,0 [ 190 | 140 |20
250 300 |50 90 110 |90 85 40 (240 |175 |28
500; 750; 1000 400 | 70 120 | 150 | 120 | 115 |50 |295 210 |35
1500; 2000 500 | 80 160 {200 |200 | 145 [6,0 |365 [265 |40
3500; 5000 600 | 100 | 185 [260 |200 |[175 |7,5 |[445 |325 |52
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