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BBEJAEHUE

KypcoBas pabota no aucuuruimae “Jleranu mamivH, OCHOBBI KOHCTPYHPOBAaHUS U
MOIbEMHO-TPAHCTIOPTHBIE MAIIIMHBI"' SIBJISIETCA TEPBOM TBOPYECKONM KOHCTPYKTOPCKOM
paboToii Oyayiiero uHKeHepa.

Llens KypcoBoii pabOTHI - OCBOUTH HEOOXOAUMYIO HH(GOPMAILINIO O KOHCTPYKTUBHBIX
O0COOEHHOCTSIX, JIOCTOMHCTBaX M HEJIOCTAaTKaX, O0JacTH MPUMEHEHHUS JeTalied MalluH
o0miero Ha3Ha4eHHs, TO €CTh TaKUX JETalei, KOTOpble BCTPEYAIOTCS B aOCOIIOTHOM
OOJILIIMHCTBE  MAIllMH;, MOJYyYUTh NPEACTABICHUS, 3HAHUS, YMEHHS, HaBBIKH,
HEOOXOMMbIE JISl TTOCIIEAYIOMIET0 3YYeHUS CIEIHATbHBIX IUCUUIUIMH U B JaJbHEHIICH
UX TIPAKTHYECKOM JESTEIbHOCTH.

OCHOBHBIM OOBEKTOM WHIWBHIYATbHBIX 3aJaHUU IJI MPOCKTUPOBAHUS SBIISIOTCS
IPUBOJIBI MAILIMH U 000PYJ0BaHUs (C 3JIEKTPOABUTATENIEM, PEAYKTOPOM, BApUATOPOM WJIU
KOpOOKOW Tmepenay 3aJaHHOTO THUIIA, OTKPBITHIMU IepefayaMu M COCIUHUTEIbHBIMU
MydTamu). Beibop 00BSICHSETCS KaK MIMPOKUM PacHpoOCTpaHEHUEM JAaHHOTO y3ja, TaK U
TeM OOCTOSITENILCTBOM, YTO OH Haubojee MOJHO OXBAaThIBACT MpeAMeT Kypca «Jletanu
MAIllMH U OCHOBBI KOHCTPYHUPOBAHHUS.

B mpouecce mnpoeKkTHpoBaHMS CTYACHTY HPEICTOUT OOECHEUYUTh TpedyemMyro
JIOJITOBEYHOCTh pabOThl NMPUBO/IA, BHICOKYIO Ha/leKHOCTh. Cepbe3HOE BHUMAHUE JOJKHO
OBITh YAEJIEHO TEXHOJOTMYHOCTH KOHCTPYKLUMU (TMPOCTOTE H3TOTOBIEHUS, YAOOCTBY
COOpKM M  PEeryjJupoBKH), MPEJOXPAHEHUIO OT  MEpPerpy3oK, KOPpO3UU U
CaMOOTBUHYMBAHUS, OOECIEYEHUIO HOPMAIBHOTO TEMIIEPATypHOIO pexXuMa padoThI
IPUBO/IA, BBIOOPY CMAa30YHbBIX M YIUIOTHUTEIbHBIX YCTPOMCTB.

BrinmonHenne KypcoBoil pabOThl MO JUCHUIUIMHE «JleTamu MammH U OCHOBBI
KOHCTPYUPOBaHUs», B COOTBETCTBUU ¢ TpeboBanusimu PI'OC BO, HampaBieHa Ha
dbopmMupoBaHUE CIEAYIOMUX 001IenpodecCHOHaATBLHBIX KOMIIETCHIIHI:

- JIEMOHCTPUPYET 3HAHUE OCHOBHBIX 3aKOHOB MATEMaTUYECKUX U €CTECTBEHHBIX
HAyK, HEOOXOJMMBIX JUIsl PEHICHUs TUIOBBIX 3a7ad MPOGECCHOHAIBHON ACSITEIBHOCTU
(OIIK-1.1);

- WCIOJIb3YET OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCUUIUIAH JJI PELICHUS
TUTIOBBIX 337]a4 B COOTBETCTBUHU C HANPABICHHOCTHIO MPOQPECCUOHAIBHON NEATETLHOCTH
(OIIK-1.2);

- JIEMOHCTPUPYET 3HAaHUE COBPEMEHHBIX TEXHOJOTHMH B MpodecCHOHaIbHON
nesitenbHocTr (OIMTK-4.1);

- OOOCHOBBIBAa€T M PEAIU3YyET COBPEMEHHBIE TEXHOJOTMH B COOTBETCTBUHU C
HaNpaBJICHHOCTHIO TIpodeccuoHanbHOU AesrenbHocTH (OI1K-4.2).

B pe3ynbTaTe 0CBOCHHUS TUCUUILIIMHBI CTYACHT OJKEH:

3HATh:

- OCHOBHBIE 3aKOHBI MATEMAaTHYECKUX M E€CTECTBEHHBIX HAayK, HEOOXOJMMBIX IS
pEIICHHS THUIOBBIX 3a71a4 MPOGECCUOHAITBHON e TEIHHOCTH,

- COBPEMCHHBIE TEXHOJOTMM W  OOOCHOBBIBATH WX  MPUMEHEHUE B
npohecCuOHANBHOM NeSTENBHOCTH.

yMeThb:



- UCTIOJIb30BaTh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX AUCIHIUIAH IS PEIICHUS
TUITOBBIX 33/1a4 B COOTBETCTBUU C HAMPABJIICHHOCTHIO MPOGECCHOHAIBHON ACATEITHBHOCTH,

- 000OCHOBBIBaTh M PEATM30BBIBATH COBPEMCHHBIC TEXHOJOTHMH B COOTBETCTBHH C
HaIPaBJICHHOCTHIO PO()ECCHOHATBLHOM JIeITeIbHOCTH.

BJIA/IETD:

- HCMOJB30BaHMS OCHOBHBIX 3aKOHOB €CTCCTBCHHOHAYYHBIX JUCIUIUIMH IS
pEIICHUST THIIOBBIX 3aJ1ad B COOTBETCTBUU C HAIPaBJICHHOCTHIO MPO(GeCcCHOHATBHON
JIeSITENIbHOCTH,

- 00OCHOBaHMSI W peaju3allid COBPEMEHHBIX TEXHOJIOTHH B COOTBETCTBHH C
HAIPaBJICHHOCTRIO TPO(EeCCHOHATBLHON  AesITeNbHOCTH. Hacrosmme MeToauyeckue
yKa3aHUs MPU3BAaHBI TIOMOYb CTYACHTY SICHO MPEJICTaBUTh 00BEM M TOCIEA0BATEIBHOCTD
paboOThI HAJl TPOCKTOM, €€ METOJIUKY, OCHOBHBIC TPEOOBAHUS K BBITOTHEHHUIO OTICIBHBIX
ee DTaIloB.

B nensax orpanmdeHuss oObeMa B METOJMYECKHX YKa3aHHUSIX COJCPIKUTCS JIUIIh
MUHHMAaJIbHBIN TEOPETUYCCKUA M CITPaBOYHBIN MaTepuai. Bo Bcex HEOOXOAMMBIX CITydasx
MMEETCS CChUIKAa Ha JINTEPATypPHbIC MCTOYHUKH, IJI€ TOT WM WHOMW MaTephasl M3JI0KEH
HauOoJIee MOJIHO.



1. OBHIUE ITOJIOKEHUA

B uHauBHIyanbHOM 3a/aHuU, BbIIAaBAEMOM CTYAEHTY B Hayajle MPOECKTUPOBAHMS
(V11 CTYAEHTOB-3a0YHUKOB — Ha YCTAaHOBOYHOM JIEKIIMM), COIAEPKUTCS CXeMa IPUBOJA,
yKa3aHO €ro Ha3HaueHue. JlaroTcsi TakKe OCHOBHBIE UCXOAHbIE JaHHbIC IS
POEKTUPOBAHNSA: HOMHHAJIbHAs MOIIHOCTh M YacTOTa BpallleHUs Ha BBIXOJHOM Baiy,
JMarna3oH peryjanupoBaHus (A1 BApUaTOPOB), YACTOTHI BpallleHUsI CTyNeHeH (17151 KOpoOOoK
nepenav). B mopsake yTouHEHHS M KOHKPETH3AallMHM 3aJaHUsl CTYIEHTY pa3perliaeTcs
BBIOpATh CAMOCTOSITENIBHO:

® IUIAHHMPYEMBI CpPOK OJKCIUTyaTalliu MpPHBOJA, €r0 JO0JITOBEYHOCTh (B Tojax, ¢
YTOYHEHHEM CE30HHOCTU U CMEHHOCTH, UJIM HETIOCPECTBEHHO B Yacax);

® XapakTep H3MEHEHUs Harpy3ku (Ko3(pQUIMEHT KpaTKOBPEMEHHOW IeperpysKu,
PEBEPCUBHOCTb Pa0bOTHI U JIp.);

® TeMIepaTypHBIA PEKUM IKCILTyaTalluu PUBOAA;

® YVYCIIOBUSA, B KOTOPBIX MPEIINOJIAraeTcs M3rOTOBJICHHE Y3JIOB M JI€Tajed NpHBOJa
(cepuiiHO€ WM UHJIMBHU1yaIbHOE TPOU3BOACTBO);

® JIOMyCKaeMOE€ OTKJIOHEHUE YaCTOThI BPALIEHUS BEIXOJHOIO BaJa.

OTUM 3aBepIIAETCs] HAaYaJIbHBIM ATal MPOEKTUPOBAHUS — pa3pabOTKa TEXHUYECKOTO
3amanusi. B coorBerctBun ¢ 'OCT 2.103-2013 «Craauu pa3pabOTKu» MPeayCMOTPEHBI
CJIETyIOIINE ATanbl pa3pabOTKU KOHCTPYKTOPCKOW JOKYMEHTAIUH:

® TEXHUYECKOE MPEAIOKEHUE;

® DJCKU3HBIM NPOEKT;

® TEXHUYECKUH MPOEKT;

e pabouasi KOHCTPYKTOPCKAas JOKyMEHTaIHSI.

Ha xaxgom sTame npoeKTHpOBaHUS PELIArOTCsl CBOM KOHKPETHBIC 3a1a4un. Tak, aTamn
ACKM3HOTO TMPOEKTa 3aBepliaeTcsi pa3pabdOTKOW KOHCTPYKTOPCKOM JTOKyMEHTAlUuu U
JEUCTBYIOLIErO0 MakeTa Ha €€ OCHOBE, AKX OOLIee MPECTABIEHUE O KOHCTPYKLIHUU U
npuHIUne padboTel  ycTpoicTBa. Ilocime  BCECTOPOHHMX  UCHBITAaHUMN MakeTa U
MOJIOKUTENBHBIX Pe3yJbTaTaX, MOATBEPKAAIOIINX KOHKYPEHTOCIIOCOOHOCTh H30paHHOTO
npuHIUna paboTel ycTpoilcTBa (T.e. YCHEIIHOW 3aluThl 3Tana), HAaYMHAETCS JTal
TEXHUYECKOTO MPOEKTa. 3Jech pa3paldaThiBacTcad JOKYMEHTALMs, Jalolias IOJHOE
IpEJICTaBICHUE O TMPOCKTUPYEMOM YCTPOMCTBE, KOTOpas SBJSETCS MCXOJHOM IS
pa3paboTku pabouell NTOKYMEHTallWu, NMpeAHa3HAYeHHOM Uil mepenayu MpearnpusITHIO —
U3TOTOBUTEIIO Ha YPOBHE CEPUIHOTO MTPOU3BOJICTBA.

OrpaHu4eHHOCTh BPEMEHM, KOTOPOE OTBOJUTCS Ha BBIMOJIHEHHE KYpPCOBOTO
POEKTa, a TaKkKe HEBO3MOXKHOCTb 3KCIEPUMEHTAIbHON MPOBEPKH pabOTOCIIOCOOHOCTH
KOHCTPYKILIMU HE MO3BOJIAIOT Peaii30BaTh MPU KypCOBOM IPOEKTUPOBAHUU TPeOOBaHUS
I'OCT 2.103-2013. IIpuxomutcst OTIEIbHBIE JTalbl MPOCKTUPOBAHUS COBMEIIATH,
OCTaBasiCh, MO CYIIECTBY, Ha ATame 3CKU3HOTO MpoekTa. [lpereH3un Ha cobirojieHue
['OCT 2.103-2013 B moiaHoM 00beMe MPU KypCOBOM MPOECKTUPOBAHHMM JI€Tajleil MalluH
[14] BBITIISAAST HAMBHBIMHU U HEYOCIUTEIILHBIMHU.

KoHcTpyKIns MpoeKTUPYyeMOro NMpHUBOJa TOJDKHA 00ECTIeunBaTh BOZMOKHOCTh €T0
cOOpku U paz0opku, CBOOOJHBIA TOCTYN IS PETYJIMPOBKH, 3aMeHbl AeTaneil. Tum u
Croco0 M3TOTOBJICHUS JIeTaliell BHIOMPAIOTCS B 3aBUCHMOCTH OT 00BbEMOB MPOU3BOICTBA.
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Tak, pekOMEHAYEeTCA CUUTaTh PEAYKTOp (BapuaTop) U3AEIUEM CEPUUHOIO MPOU3BOJCTBA,
a mpuBoJ (paMmy, KOXXKyXa M Jp.) — UHAUBUAYadbHOr0. CleioBaTenbHO, I1€Tallu peayKTopa
MOTYT OBbITh BBHIIIOJIHEHBI KaK JIUThIE, IITAMIIOBAHHBIE U MPECCOBAHHBIE, a paMa MPHUBOJIA,
KaK TIPaBWJIO, JI0JDKHA OBITh BBIMOJHEHA KaK CBapHAs U3 YTOJIKOB, IIBEJJIEPOB, MOJIOC.

[Ipu BbIOOpE BapuaHTa KOHCTPYKLIHMH HEOOXOJMMO MAaKCHUMAaJlIbHO HCHIOJIb30BATh
YHUGUUMUPOBAHHBIE JETAIM W Yy3Jbl, COKpAIllaTh HOMEHKJIATYpy HCIOIb3yEMBbIX
CTaHJAPTHBIX U HOPMAJIU30BAHHBIX JETalIel U y3JI0B.

2. BBIBOP JJIEKTPOABUI'ATEJIA

BbBI0Op 37eKTpOoABUTATEIS MPOM3BOJNUTCS IO BEJIUYMHE MOTPEOHONW MOITHOCTH,
ompenensieMoint mo hopmyIie:

P
P — (s’blx’

" oty
A€ Pgyx- MOITHOCTH Ha BBIXOJHOM Bally MPUBOAA, KBT;
Mooy - oOmmit KIIJI mpuBoma, ompenensiembiii kak mnpousBenenue KIIJ otnenbHbIX
nepenad (KIT/] moammnmHuKoB KaueHus J0MyCKAaeTCS HE YUUTHIBATD).

Mo1HOCTh Ha BBIXOJIHOM Bally IPUBOAA MOXKET OBITh 3aJJaHa HETIOCPEICTBEHHO UITU
ornpezeneHa 1no popmyie:

P, =T, -o,,
TAE Tepy, Mgy - COOTBETCTBEHHO KPYTALIMKA MOMEHT W YIJI0Bas CKOPOCTH BBIXOJIHOTO
BaJIa IPUBOJIA.

OpuentupoBounsie 3HaueHus1 KIIJ[ oTnenpHbIX nepenay u TMIOB ONOP MPUBOIATCS
B Tabiunax [2, tadm. 2.1]. KIIJI mpoekTupyemMoil 4yepBSUYHON Tepeaadr peKOMEHyeTCs
NpUHUMATh TMpeABapuTeNbHO paBHbiM (0,8, a B X0Je€ NPOEKTUPOBAHUS BHOCUTH
KOPPEKTHUBBI B PACYETBl B COOTBETCTBUM C JCUCTBUTENIbHBIM 3HaueHuem KII/,
ONPENEIIIEMBIM pacyeTaMu, €CJIM OTKIOHEHUE nTosryyeHHoro 3HayeHus KII/ 3HaunrensHo.

BaxxHo Taxke OCYHIECTBUTh ONTUMAIbHBI BBIOOp JBUTATENsl MO YacTOTe
BpamieHusi. TpeOyemylo 4acTOTy BpallEHUS DJIEKTPOJBUTATENIl PEKOMEHIYETCs
ompenensaTs o Gopmyre:

n,, =N Uy
1€ Hgpy - YACTOTA BPAILICHHS BBIXOJIHOTO Bajia MPHUBO/A;
Uoey - CPEIHEE 3HAUCHHE OOIIEro NepeJaToOYHOro Ynciia MpuBoia, CBOOOAHO pean3yemMoe
3aIaHHOM KMHEMAaTHYEeCKON CcXeMmoil (ompenensieTcss Kak Mpou3BeleHue Haubosee
IPUEMIIEMBIX 3HAYEHUH MEPEIaTOYHbIX OTHOILIEHUI OTAENIBHBIX IIepeaad MPUBOLA).

[lo pacyeTHBIM 3HAYEHUSIM MOTPEOHONM MOIIHOCTH P,, U YaCTOTE BPAIICHUS
noI0MpPaeTCs JIEKTPOABUTATENIb COOTBETCTBYIOIIEH HOMUHAIBHON MOILIHOCTH U YaCTOTHI
BpalieHuss poropa. s IpuUMEHEHMS B NPUBOAAX PEKOMEHIYIOTCS ACHHXPOHHBIE
JnBUTATENH cepur 4A (HO HE yCTapeBUIUE U CHATHIE C MPOU3BOJICTBA JIBUTATENU cepuil A2,
A02, AOIT u np.), BeillyCcKaeMble B 4-X BapHaHTax 1o yactote Bpamenus: 750, 1000, 1500
u 3000 mun 1. Tlpu BBIOOpPE YACTOTHI BpALIEHHS CIEAYET YYECTh, YTO THXOXOIHEIE
ANICKTPOABUTATEIN HMMEIOT OOoJbIMEe radapuThl, 0ojiee MaTepHAIOEMKH W JIOporue, a
OBICTPOXOAHBIE HUMEIOT MEHBLIMI pecypc W MpU HUX NPUMEHEHHH YBEIHMYHUBAIOTCS
rabapuThl mepeaad.



Ileperpyska aBurareneii OTHOCUTEIBHO HOMHHAJIBHOM MOIIHOCTH JOITYCKAaeTcs He
oonee 8% mnpu AOMOJHUTENBHBIX MEpax MO OXJIAXKIEHUIO.

3. KHHEMATUYECKHW U CHJIOBOHM PACYET ITPUBOJIA

KunemaTtndeckuii pacueT MPUBOJIA BBINOJHACTCSA IO HOMHHAIBHOH YacToTe
BpallleHUs1 BEIOPAHHOTO JBUTATEIS TI0 KaTajlory WIH ONpeessieMoi 1o hopmMyIie.
Moo =1, (L=y),
TJIe 1.~ CHHXPOHHAS YacTOTa BPAIEHUS pOTOPA;
W - KOOPOUIMEHT CKOIbKCHUS.

HOM

PacueTHOE mepenaToyHOE YUCIIO MPUBOJA ONPEACIACTCA IPU dTOM KaK u,;, = —*-,

8blX

KOTOpPO€ HEOOXOUMO Pa30UTh M0 OTAEIbHBIM CTYIEHSIM.

[locnequuii 3Tam ciexyer OTHECTM K 4YHCIy HaubOolee OTBETCTBEHHBIX Ha
HayaJbHOM CTaJIMH MPOECKTUPOBAHUSA: OT IPAMOTHOCTH €0 PEUIEHUS 3aBUCSAT BO MHOTOM
METAJJIOEMKOCTh W Ta0apuThl NPHUBOJA, YCIOBUSA CMa3Ku 3alleIJICHUN peaykropos. B
0COOEHHOCTH 3TO OTHOCHUTCS K HMJIMHAPUYECKUM JABYX- U TPEXCTYIIEHYAThIM PEIyKTOPaM,
IIPU PACHPENECIECHUN MEPENATOYHOTO YHCIIA MEXKIY CTYNEHSAIMH KOTOPBIX PEKOMEHAYETCS
BOCIIOJI30BaThCSl CHELHUAIbHOM HOMOrpamMmon [/, puc. 8.38]. Jus npyrux TuUIIOB
PEIYKTOPOB MOKHO B35Th B KaUECTBE OPUCHTHPOB pekoMeHaanuu [8, Tadm. 1.3].

B cxeMax ¢ (pUKUMOHHBIMH BapHaTOopaMd KHHEMATHYECKHI pacyeT HECKOJIBbKO
OTJINYAETCS OT MPUBEAEHHOTr0. OCHOBHOE OTJIMYME B TOM, UYTO PAJl TUIOB (PUKLIMOHHBIX
BApUATOPOB (KJIMHOPEMEHHBIN, IIEMHON, TOPOBBIA W [p.) BBINOJHSAETCS CUMMETPUYHOMN
KOHCTPYKITUH, C paBHBIMH PA0OYMMHU JUAMETPaMH y BEAYIIUX U BEJOMBIX 2JIEMEHTOB, YTO
3HAYUTENIbHO yOpouaer peryiaupoBanue. CrenoBaTelbHO, MOAOOHBIM BapuaTop C
JMAna3oHoOM perynupoBaHusi D MokeT nelcTBOBaTh M KaK TOHIDKAIONIAS TMepenava c

1
MEePEIATOUYHBIM OTHOIIEHUEM Umax=+ D , ¥ KaK MOBBIIIAIOIIAS C umin:ﬁ .

[IpaBUIIBHOCTP KMHEMATHYECKOTO pacyeTa NpUBOAA B TaKUX CIy4asx yI0OHO
IPOBEPSTH MOCTPOCHUEM JUArpaMMbl pabOUYMX IMana30HOB YaCTOT BPALEHUS OTIEIbHbBIX
BaJIOB (CM. IIPUMED).

KunemaTuueckuil pacyeT NpHBOJa PEKOMEHIYETCS 3aBEPIIUTh OINPEACICHUEM
YIJOBBIX CKOPOCTEM M YacTOT BpallleHHWs BCEX BaJOB MPUBOAA, IMEpPEJaBaeMOM UMU
MOIIIHOCTH M KpyTAlero MomenTa. [lpu sTom Bo m3bexkaHue nocieayrommx ommudoK Bce
BaJIbl MPUBOJIA PEKOMEHYETCSI IPOHYMEPOBATh (HAUMHAs OT BaJjia 3JEKTPOJBUTaTess), B
COOTBETCTBUH C KOTOPHIMH YCTAHOBUTH MHAEKCHI (AJi1 BTOPOTO Basa, K IPUMEPY — M2, Ny,
P, u Ty). @opmynsl [uisi pacyeTa yKa3zaHHBIX MapamMeTpoB MpuBeneHbl [7, c. 95..96].
MoIiuHoCTH, TepeJaBaeMble BaJlaMH [PUBOAA, PEKOMEHAYETCS ONPENENsITh 110
noTpedsieMoil MOIIHOCTH Ha BBIXOJHOM Bajly NPHUBOJA, a HE MCXOAS U3 HOMHUHAJIBLHOM
MOIIHOCTH  BBIOpaHHOTO 3JeKkTpoaBurarens. llpumep pacdyera mpencraBieH B
MPUIIOKEHUH 2.
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Pucynox I - Jluacpamma wacmom spaujenusi 8ai08 npusood
4. PACYET IIEPEJIAY

[Toce KHHEMATHYECKOTO U CHIIOBOTO pacyeTa MPHUBO/IA IO METOIUKE, TIPUBEICHHON
BEIIIE, pacyeThl Mepeaad BO3MOXKHBI B JIFOOOW OYEpemTHOCTH. PekOMEHIyeTcs Bce Ke
HAYMHATh C PEYKTOPHBIX Mepeay, a Cpeid HUX - C TOH, KOTOpasi onpe/eisieT B OCHOBHOM
rabapuTsl peaykTopa (0OBIUHO - TUXOXOHAS TIepeiaya).

4.1. PACUHET HWIMHAPNYECKUX 3YBYATBIX ITEPEJIAY

OcHOBHBIE PUYUHBI BBIX0/1a U3 CTPOS 3yOUaThIX Mepeaay:
® YCTAJIOCTHOE pa3pylieHue (BbIKpaluBaHue) pabodeil MoBepXHOCTH 3yObeB;
® TI0JIOMKA 3yObeB BCIEACTBHUE YCTAIOCTH WJIH OT IEHCTBUS OOJIBINION Meperpy3Ku;
® U3HOC PabOUYMX MOBEPXHOCTEH 3yOhEB MO BO3ACHCTBHEM aOpa3uBHBIX YACTHII.
B cooTBercTBHM C TEpEeYUCICHHBIMH BHUIAMHU HapylIeHUs pPabOTOCIIOCOOHOCTH
nepeaay mporu3BOASTCS CICTYIONINE PACUEThl 3yOhEB:
® Ha KOHTAKTHYIO BEIHOCIHBOCTE (o < [0, ]);

e Ha M3rMOHYIO BEIHOCIUBOCTh 3yObeB LiecTepHH U Kojeca (o < [of |);

® Ha CTaTUYECKyI0 IMPOYHOCTh 3yObeB TIpU meperpy3kax (O Fro S[O' F]nep,

Oy, _ S[O'H]ne]o)-

JUist peayKTOpHBIX (3aKpbIThIX) Mepenad, padoTaloMMX B YCIOBHUSX XOPOIIEH
CMa3KH, 3allMIICHHBIX OT MONaJaHWsl MbUIM U TPSA3M, OCHOBHBIM SBJISIETCS pacueT Ha
KOHTaKTHYIO BBIHOCIMBOCTB. M3 3TOro ycioBus ompenesnstoTcsi MPOEKTHBIM pPacyeToM
TpeOyeMble pa3mepbl nepenad. s HUIMHAPUYECKUX Nepenad 3TO OOBIYHO MEXOCEBOE
paccTosiHue Mepeadul ay, peke — NEIUTEIbHbIA AuaMeTp mectepHu. O0s3aTenbHbIM IPU
TOM SIBJISIETCSL TaKXKE IPOBEPOUHBIM pacueT 3yObeB IIECTEpHU (MM KoJjeca) Ha
BBIHOCJIMBOCTh [0 HANpsOKEHUSIM M3ru0a, a NpU 3HAYUTENbHBIX KpPaTKOBPEMEHHBIX
neperpy3kax HeOOXOIMMBbI TMPOBEPOYHBIE PACUEThl HA CTAaTHUECKYIO MPOYHOCTH IIO
HaNpsDKEHUSAM M3rubda (U151 UCKIIIOYEeHMsI TTOJIOMKH 3y0a MpH Neperpy3kax) U KOHTaKTHBIM
HANPSHKEHUSAM (JIJ151 HCKITIOUEHUS TUIaCTUYeCKOM feopMaliuu B 30HE KOHTAKTa 3yObeB).
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[TpumMepb! pacdeToB 3aKpPHITHIX (PEAYKTOPHBIX) Niepeaad NIpuBeACHHI B [2, 4, 6, 8].

B oTkphITBIX 3yOuaThIX mepeAadax, padOTArOUIMX B YCJIOBHUSX HMHTEHCHUBHOIO
abpa3MBHOTO M3HOCA, YCTAJOCTHOE BBIKpAllMBAaHUE OT JEHCTBUS  KOHTAKTHBIX
HampsbDKeHU He HaOmojaercs. BcenencTBue uW3HAIIMBAaHMS BEpXHHE CJIOM pabouei
MOBEPXHOCTU 3yObEB COCKAaOJIMBAIOTCA paHEE, YeM YCIEBAIOT Pa3BUTHCS TPEIIMHBI
yctasioctu. [loaToMy pacdueroM Takux mnepefad sIBISETCS ONpeleseHue HeoOXOoAUuMOon
BEJIMYMHBI MOJYJI 3yObEB U3 YCIOBHSI IPOYHOCTH MOCJEIHUX IO HAIMPSKEHUSIM H3ruda
[7,c.129].

Macca u rabapuTbl peyKToOpa, CIOKHOCTh M TPYIOEMKOCTb €r0 M3rOTOBJICHHS B
pelaronieil CTeneHn 3aBUCAT OT BBIOOpa BHAAa TEPMOOOPAOOTKH U TBEPAOCTH paboueit
MOBEpXHOCTU 3yObeB. PaznuyatoT mpu 3TOM 2 BapuaHTa TEXHOJIOTUM HW3TOTOBJICHHS
3youateix kosec: HB > 350 (oO0bemuas 3akanka, 3akanka TBY, mementamus u ap.) u HB <
350 (ynydilieHre U HOpMaJIU3aLusl).

[lepBbIii BapuaHT TO3BOJSET OCYHIECTBIATh IMepeAady KoJecaMHu MEHbIIUX
pa3MepoB BCIJIEJCTBUE BBICOKOH KOHTAKTHOW IPOYHOCTH 3aKAJICHHBIX IOBEPXHOCTEH,
CJIEIOBATENIbHO, CHU3UTh rabapUThl U METAUIOEMKOCTh PeAyKTOpoB. OMHAKO MpPU 3TOM
BO3pacTaeT CI0XHOCTh M3TOTOBJIEHUS KoOJiec, TpeOyeTcs OThesouHas 00paboTka 3yObeB
nocie TepMooOpaboTku (nuMdoBaHWe, NIEBUHTOBAaHHWE, JOBOJKA), 3HAYUTEIILHO
YCIIOKHSIFOTCSI POIECCHl MMPUTUPKUA U OOKaTKH. BTOpoil BapuaHT OTIMYAeTCs] MPOCTOTON
U3TOTOBJICHUS, HEBBICOKMMH TpPEeOOBAaHUSIMU K TOYHOCTH W3TOTOBJICHHS, OBICTpPOH
npupadaTHIBAEMOCTBIO KOJIEC TIPH padoTe.

[Iponomxas cpaBHEHHUE, CIEAYEeT OTMETUTh TaKXe, 4TO OOJBIIYI0 OMAacHOCTh MPHU
MIEPBOM BapUaHTE TEXHOJIOTHH MPEACTABIAIOT HAMPsHKEHUS n3ruda (00biie BEpOITHOCTD
UX TIOJIOMKH), a TIPH BTOPOM - KOHTAKTHBIC HANpPsDKCHHS (OIMACHOCTH BBIKPAIIMBAHWS).
[Ipumenenue mepBOro  BapuaHTa  3KOHOMHUYECKHM  LIeJecooOpa3HO  JIMIIb  Ha
CIEUAIN3UPOBAHHBIX 3aBOJax (MpU KPYMHOCEPUHHOM M MacCOBOM IPOM3BOJCTBE), B
CBS3M C 4YeM BBIOOp BapwaHTa TEPMOOOPAOOTKH TIPH MPOCKTUPOBAHUM TpeOyeTcs
000CHOBATb.

[Ipu pacuere mepemgad ¢ KOCHIMU 3yObsIMH 3aCiy>KMBAaeT BHMMAaHHS BBIOOp yria
HakJOHa 3yObeB. boibliiee 3HaueHWE yriia HAKJIOHA TIOBBIIIAET MPOYHOCTHh 3YObEB,
IUIABHOCTH PabOTHI Mepeay, OJHAKO YBEITUYMBAET OCEBYIO HATPY3KY MOIIITUITHUKOB U
HECKOJIBKO CHUKAET K.IL.J. nepeaayu. [loaToMy pekoMeHayeTcst IpeABapuUTeIbHO MPUHSITh
3HaueHue yria HakiaoHa 10...15°, a mpu yTOUYHEHHMH €ro 3HAYEHHsI MOCJE OIMpeaesieHUs
OCHOBHBIX MTApAMETPOB Nepenayu (aw, Z1, Z2) BBIYUCICHUE TPOBOAUTH C TOYHOCTHIO £10".

Bricokas TOYHOCTh HEOOXOAMMA U MPU ONPEIEICHUH AUAMETPOB 3yOUaThIX KOJIEC
(#0,01mm).

[Ipumep pacueTa MUIMHIPUUIECKOM KOCO3y00il mepenaun noka3zaH B MPUIIOKEHUU 3.

4.2. OCOBEHHOCTHU PACYHETA KOHUYECKHNX
N TIVNTAHETAPHBIX IIEPE/IAY

Konnueckne  3yOuarbie  mepefaun  OBIBAIOT ¢ NOPSIMBIMH,  KOCBIMH
(TaHTeHIIUATFHBIMU) W KPYTOBBIMH 3yObsiMU. llepBbie HAXOJsAT OrpaHHUYEHHOE
IIPUMEHECHUE H3-3a BBICOKOIO YPOBHS IIyMa W NPUMEHSIOTCS, KaK NPaBWIO, JIUIIb B
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TUXOXOJIHBIX OTKPBITHIX Nepenayax. JJisi pelyKTOpHbIX Nepeaad NePCIeKTUBHBI epeiaun
C KPYTrOBbIMU 3yObsIMHU.

OCOOEHHOCTBPIO KOHUYECKOTO 3y0a SBISETCA HEMOCTOSHCTBO €ro IapaMeTpoB
(Momynsa, BBICOTHI 3y0a M Jp.) M CBA3aHHAs C OSTUM JIONOJHUTEIbHAS TPYIHOCTh
Hape3aHus.

OCHOBHBIMM pacUeTHBIMU IMapaMeTpaMu KOHHMYECKOW 3yOuaToil mepemadd Mpu
pacyeTe Ha KOHTAaKTHYIO BBIHOCIMBOCTH SBISIIOTCSI PACUETHBIN (CpeaHuil) AuameTp

wecrephn dy, , (koneca dy, ) wiu BHeuHee KOHycHOE paccrosHue Re [mpunoxenue 4].

[Ipu pacuere OTKPBITHIX TIEpenad OCHOBHBIM PACUYCTHBIM ITAPAMETPOM  SIBIISIETCS
pacYeTHBI MOAYJIh 3aIETUICHUS My, KOTOPBIN BEIYUCIISCTCS ¢ TOYHOCTHIO /10 JBYX 3HAKOB
MOCJIE 3alsATOM W JOMYCKAeTCsl HE OKPYIJIATh JO CTaHJapTHOro 3HaueHus [6, c.20...24],
[14, c.65...70].

OTBETCTBEHHBIM ATAllOM IPH pacyueTe TUTAHETAPHBIX 3yOUaThIX Iepeaad SBISACTCS
oTpezieNieHue Yrces 3yObeB Koyec: IEHTPATbHOTO Z1, KOPOHYATOTO Z3 M CATEJUIUTOB Z2.

[Tpu 5TOM 00sI3aTEIIBHO COOIIOICHUE 3-X YCIIOBHIA:
e coocHOCTH (2Z,%21=23);

z z
o cOOpku (“L U =2 - [eJIoe YUCII0, C — KOJUYECTBO CATEIIIIMTOB);
c c

e coceacTBa (YTOOBI CATEUIUTHI HE CONPHUKACAIHUCh APYr € JAPYroM, YTO HMEET

3HA4YECHHE NIPU YUCIIE CATEJUIUTOB € > 3).

OTnpaBHBIM 1IaroM 37€Ch SIBISETCS BBIOOP YMcCiia 3yObEB LHEHTPAIBHOIO KoJieca Z1
u3 ycnoBusa Zi; > 17 (Bo u30exaHHME NOIPE3aHUs] HOXKEK 3yObeB IPU HApPE3aHHH).
Pa3mepHble mapaMeTpbl Mepefadyd ONPEAENSIIOTCS Kak B OOBIYHBIX LUIMHAPUYECKHX
PEAYKTOPHBIX NEepefayax M3 YCJIOBHUS KOHTAaKTHOM BBIHOCIMBOCTHU 3YObEB (MEXKOCEBOE
PaCCTOSHUE aywi-2 WIIU JICTHUTEIBHBIN THAMETP KOPOHYATOTO Kojieca O3) ¢ MOCIIEAyIOIUM
OIpe/IeNICHUEM CTaHIAApTHOTO MOAYJS Iepelayd U MPOBEpKOM 3yObeB Ha H3THOHYIO

BBIHOCJIMBOCTS [ 3, 6].
4.3. PACUHET YEPBAYHBIX ITEPEJIAY

UepBsiuHble nepeayd, Tak K€ Kak U 3y0daThle, PAaCCUMTHIBAIOT MO KOHTAKTHBIM
HaMpsDKCHUSIM W HanpspkeHusiM u3ruba. OnHako, B OTJIMUME OT 3yO4aThIX Iepesad,
KOHTAKTHBIE HAMNPSDKEHUsI 37€Ch OOBIYHO HE MPUBOJAT K BhIKpamuBaHuto. C HUMHU
CBSI3aHO, MPEXKIE BCETO, 3a€JaHWE B YEPBAYHOM Mape, SBJICHHE, HE BCTpPEYAIoIleecs B
3y0uaThIX IMepeladax peaykKTopoB U OOyCIOBJIEHHOE cHeluPUKOd KUHEMATHKU
yepBsSYHOM napbl. Kpome Toro, CKOpocTH 4epBsKa U UEPBIYHOIO KOJIECA pa3IUYHbI KaK IO
BEJIMYMHE, TAK W HANPABJICHHUIO, B CBSI3M C YEM BEIIMKA U OTHOCUTEIIbHASA CKOPOCTh
CKOJIb)KEHHMSI B 3aueryieHud. OrpaHuyeHHe BEIWYMHBI KOHTAKTHBIX HANPSKEHUN
MO3BOJISICT UCKIIOYUTH 3acJaHre TMpu paboTe YepBIYHOM TMepefadyd, CHHU3UTHh
VHTEHCUBHOCTh U3HOCA.

Pacuer yepBsuHbBIX mepeaay npuBoauTcs B [2, 4, u 6], ¢ ucmonszoBanrem 9BM - B
[11].
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PekoMeHayeTcss mpu KypcOBOM IMPOEKTUPOBAHUHU MPHUMEHSITH Oojee MpOoCThie B
U3rOTOBJICHUHM  LWIMHIPUYECKHE  YEpBSIKH, TNpPUYEM  JUId  TUXOXOJHBIX U
MaJIOOTBETCTBEHHBIX Iepefad - apXUMEIOB 4YEpBAK, 0€3 3aKaJKu M IOCIEAYIOLIEro
nundoBaHus, a A OoJee OTBETCTBEHHBIX M TOYHBIX I€pead - 3BOJbBEHTHBIE U
KOHBOJIIOTHBIE UepBsKU, KOoTOpble 3akanuBatoTcd HRC > 45, mmmdyrores u nonupyrores.

JUis mpenoTBpallleHusl 3aeJaHusl B YEpPBSIYHOM mepepadye U COOMIOACHMS
IpUEMJIEMBIX Ta0apUTOB HEOOXOJUMO YUCIIO 3yObEB KOJIECA BBIIEPKATh B Ipezeax oT 28
10 80 3yObeB, I 4ero peKOMEHIYIOTCS MPHU MEePeaaTodYHOM OTHOIeHHH U=S...15 - 4-x
3axoJiHbIe 4epBAkH, U =15...30 — 2-x 3axoausie, mpu U>30 — 0HO3aXOTHBIE.

B yepBAuYHBIX penykTOpax MNOMIECKUT BbIOOpPY H3 craHgapTHbiX psagoB (I'OCT
2.144-2016) HEe TONMBKO MOMYJb, HO U OTHOCHUTEIbHAS TOJIIWHA YePBsKa ( M MEKOCEBOE
paccTtosiHue ay (B CTaHOAPTHBIX OJIHO- M ABYXCTYINEHYATHIX YEPBSUYHBIX PEIYKTOpax).
CobmrocTu BCe 3TH yCIOBUS TIOPOM JOCTATOYHO CIIOKHO: YTOOBI BIIMCATHCSA B CTAHAAPTHOE
MEXXOCEBOE pACCTOSHUE, MNPUXOJUTCS IepedupaTh pas3IUuHbIE codeTaHus M u (q,
KOppPUTHPOBATh 3allelllIeHUE (Hape3aTh CO CMEIIEHUEM 3yObsl KoJieca).

[Tocne onpeaenenus napaMeTpoB 3alleIICHUs] IPOBOAUTCS IPOBEPOUYHBIN pacueT Ha
BBIHOCJIMBOCTb 3yObEB KOJI€CA 110 HANpsKEHUsAM n3ruoa. O0s3aTeaIbHbIMU [Tl YEPBIYHBIX
nepeay sBIAIOTCS TEIVIOBOM pacyeT (C LeNIbl0 HEOMYIIEHUS ITEPErpeBa), pacueT YepBsiKa
Ha JKeCTKOCTh, yrouHeHue KIIJ[ cipoekTupoBanHO# nepeaayn.

4.4. PACYHET PEMEHHGLIX U HEITHBIX ITEPEJIAY

B 3aganusax Ha NpoeKTUpOBaHUE NPEACTABICHBI PEMEHHBIC TEpeadyu, LIHUPOKO
MPUMEHSIEMbIE B TIPUBOJAX CEIbXO3MAIIMH (MepeIaud MIOCKUM M KJIMHOBBIM PEMHEM, C
HATSOKHBIM POJIMKOM U 11p.). [Ipu aTOM He 3amperaeTcsi IpUMEHEHUE BMECTO YKa3aHHBIX B
3aIaHUM HOBBIX, MPOTPECCHMBHBIX BUIOB IMepefay: MOJUKIUHOBBIMU WM 3y04YaThIMU
PEMHSIMU.

PacueTsl IMJIOCKO - W KIMHOPEMEHHBIX [mpuiiokeHune 7] mepemad Mo TIrOBOM
CIIOCOOHOCTH XOPOIIIO OCBOCHBI U MPHUBOJATCS B yuyeOHUKAX, 3aJa4HUKAX, MOCOOUSIX TIO
npoekTupoBanuto [6, ¢.234...239], [10, c.261...268]. PacueTsl 0 J0ATOBEYHOCTU PEMHS
HEJIOCTATOYHO OCBOECHBI M HAJEXKHBI, CIOKHBI M MOXHO PEKOMEHJIOBATh JHIIb IS
pacyeTa MOJUKINHOBBIX U 3yOUaThIX pEMHEH.

Pacder nepenay ¢ HaTSKHBIM POJTUKOM MTPOBOAMUTCS B LIEJIOM MO METOJUKE pacyeTa
MJIOCKOPEMEHHBIX Tiepenad. OTiauyue CBS3aHO TPEXJEe BCEro € HEOOXOIUMOCTHIO
OTIPE/ICJICHUS JUIUHBI PEMHS IpaduyeCcKUM MOCTPOCHHUEM MEpeIaun B MaciiTade, a Takxke
BEJIMUMHBI TPy3a JJI HATSKEHUS.

B npuBomax  yCTaHOBOK  CEJIbCKOXO3SMCTBEHHOTO  Ha3HA4YEHUS  HIMPOKOE
MPUMEHECHHUE TOJYYWIM TEepeIadyd POJIMKOBBIMU LIETISIMU, KOTOPHIE HCIIOJIH30BaHBI U B
cXeMax OTJIEJIbHBIX MPUBOJIOB. [lepesaun 3y0uaToii ienb0 MeHee OCBOCHBI.

['maBHOVM PUYMHON TIOTEPU pabOTOCIIOCOOHOCTH IEMHBIX Mepead SBISICTCS U3HOC
HIAPHUPOB II€MHU, MOITOMY OCHOBHBIM JII HUX SIBJIIETCS pacuyeT HAa HU3HOCOCTOMKOCTH
mapHupoB [6, ¢.253]. [Ipumep pacueTa IENHBIX Mepeiayd MPEACTABICH B IPUIOKEHUH O.
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Pacuer Bcex BHIOB peMEHHBIX U IEMHBIX Mepeaad 00sS3aTebHO TOJDKEH BKIIFOYATh
pacyeT HaTsHKHBIX YCTPOMCTB. JIOJMKHBI OHU HAWTHU OTPaXKEHHE U B COOPOUYHOM YEPTEKE
PUBOJIA, KaK U NIPEIOXPAHUTEIbHBIE KOXKYXa JIJIST HUX.

4.5. OCOBEHHOCTHU PACYHETA BAPUATOPHBLIX IIEPEJJAY

B 3amaHMsaX Ha KypcoBO€ IPOEKTUPOBAHUE MPEIACTABICHBI B OCHOBHOM
KJIMHOPEMEHHBIE BapHaTOPbI, pacuyeThl KOTOPBIX JOCTATOYHO MOJAPOOHO pa3zpaboTaHbI
[10].

PekomeHnyeTcs INpUMEHATH BapHaTOpbl CHUMMETPUYHOM  KOHCTPYKIMHM MU
peryiaupoBaHusi (C paBHbIMU JHAMETPAMH TapesoOK, IPU TMOCTOSHHOM MEXOCEBOM
paccTostHuM). OHU yA0OHBI B U3TOTOBJIEHUHU U PETYJIMPOBAHUU, TaK KAK PErYIUPOBAHUE B
BApHUATOpPAaX HECUMMETPUYHOM KOHCTPYKIIMM CBA3aHO C M3MEHEHHEM MEKOCEBOTO
pacCTOsHUSL.

B Bapmaropax nmpuMeHstoT cniennanbHbie Bapuatopabie pemMuu mo ['OCT 24848-81
(mata BBemenust 1982-07-01), koTopbie obecniednBaOT quUana3oH peryiupoBanus [l mo 5.
[Tpn nepuuure nuTepaTyphl IO pacyeTy BapHATOPOB PEKOMEHIYETCS PacdeT BBINOIHATH
110 aHAJIOTUH ¢ PEMEHHBIMU TepeladaMy NPY TepeaTOYHOM OTHOIIEHUH U=,/ 7 .

5. OPUEHTHUPOBOYHBINA PACUET U IPEJIBAPUTEJILHOE
KOHCTPYUPOBAHHUE BAJIOB

KoHcTpykuuss v rabapuThl peaykTopa (KOpoOKM, Bapuaropa) B 3HAUYUTEIBHOU
CTETICHH OMPEENISIOTCS KOHCTPYKIIMEH BaJlOB M HMX OIOp, PAacueT M MPOCKTHPOBAHHE
KOTOPBIX MPOU3BOAUTCS B HECKOJIBKO ATArnoB. YTOObI paccuuTaTh Baj, HEOOXOAUMO UMETh
€ro pacyeTHyl0 CXeMy, OJHAKO pa3paboTka TakoWl CXeMbl HEBO3MOXXHA 0€3 XOTs Obl
npuOIM3UTENIBHOM OLIGHKM ero pa3sMepoB. Ha mpakTtuke B Havajie MPOEKTUPOBAHMS
IOPUHATO OLEHUBATh JUAMETPbl BAJIOB M3 pacuera TOJbKO Ha KpyuyeHHe (mpeHeOperas
JeCTBUEM M3TMOAIOIIEr0 MOMEHTA, a TaK)Ke MOMEPEYHBbIX U OCEBBIX CHJI), IPUYEM IPH
MOHWKEHHBIX JI0IYCKAEMbIX HaIPSKCHUSIX.

JlmameTp BBIXOTHOTO KOHIIA Bajia ONpeaesieTcs mo Gopmyre

T
d=s MM,
V0.2, ]

rae T — Bpamarommi MOMEHT Ha Baily, B Hmw;

[7] — momyckaemoe HampspbkeHHe Ha KpydeHHe (IS PEAYKTOPHBIX M IOJIOOHBIX
BAJIOB PEKOMEHIYETCS [ T «p]=15...20 MIIa).

[TonyuyeHHOe 3HAUE€HHME TUAMETPa BBIXOJHOTO KOHIIA Baja, a TAKXKE JHUAMETPhI B
MECTE MOCaJKH KOJIEC, IIKUBOB W APYTUX JeTalied mepenad HeoOXOAUMO BBIOpaTh W3
gucia npeanodruteabHbix mo FOCT 12080-66 (narta BBenenus 1967-01-01) [1,1.2,¢.7], a
JTMaMEeTphl B MECTE TMOCAJKUA TMOAMIMITHUKOB KauyeHUs BBIOMPAIOTCS KpaTHBIM 5™ (Tipu
nuametrpax 20 mm u 6o1ee). [Ipumep pacuera BaJioB MPEACTABIICH B MPUIIOKEHUH 8.
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[IpeanmouteHue B peayKTOpax CleAyeT OTIaBaTh CTYNEHYATHIM BajaMm, MPUYEM
BbICOTa OYPTHUKOB (3aIJICYMKOB) IS OCEBOM (PHKCAIMK HACaKUBAEMBIX JETaJe TOJDKHA
OBITH onTUMaNTbHOM (2,0...2,5 MM).

Eciu BxomHo# Banm pemykTopa (KOpOOKH, BapwaTropa) COCTUHSETCS C BaJloM
AIIEKTPOJIBUTATEINISI HAMPSAMYIO (TIOCPENCTBOM MY(THI), TO JUAMETP €ro PEKOMEHIYETCs
IIPUHATH 110 TUAMETPY ICKTPOIBUTATEIIS.

6. IPEABAPUTEJIbHAA KOMIIOHOBKA PEAYKTOPA
(KOPOBKMU IIEPEJIAY, BAPUATOPA)

[enbro mpeaBapUTEILHON KOMIIOHOBKH SBJISIFOTCSI:
® ONTUMM3AIMS PACIOJIOKEHHS JAeTajell mepenad v MOJIIUITHUKOB JIJISl MOTYYCHHS

MUHUMAJIBHBIX Ta0apUTOB PEAYKTOPA;

e pa3paboTKa paCUYETHBIX CXEM BaJOB (ONpEACICHUEe TOUYEK MPUIOKEHUS CHII,

JEHUCTBYIOLIMX HA BaJIbl);

® UCKIIIOUYECHHE HAJIOKEHHMS JIeTalied Tiepeiay Ha Bajibl COCETHEN CTYIIEHHU.

KommnoHoBKka BBITIOIHSETCS Ha MUJUIMMETPOBOM OyMare KapaHJalioM, a TakKe Ha
KOMITBIOTEPE C TTOMOIIBbIO YEPTEKHBIX Mporpamm B Maciutade 1:1 wnm 1:2 nnsa oguolt (Bua
B IulaHe) uiu 2* (Buj cmnepenu) npoekuuif. [Ipu 3ToM He o0s3aTenbHBI COOIIO/ICHUE
crangaptoB ECKJI, 3aBepiieHHOCTh Mpoekuil. BaxkxHo nuIb penienue 3a1ay, yKa3aHHbIX
Bbimie. [IpuMep KOMIIOHOBOYHBIX CXEM JIBYXCTYNEHYaTOro  UWIMHAPHUYECKOTO,
KOHMYECKOTO W YEpPBAYHOTO PEAYKTOPOB IMpeacTaBieH B mnpwioxenun 9, 10, 11
COOTBETCTBEHHO. 3a30pbl MEXAY JETals MU MEpelad U CTEHKaMU pPEeAyKTopa Ci, C2 U C3
BbIOUparoTcs 1o pekoMeHaarmsm [5], [14] wim npocto B auamaszone 6...10 MM. 3a30p c;
BBIOMpaeTcs B 3aBUCHMMOCTH OT crnocoba cMma3Ku MNOAMIHUKOB. Eciu  pemgykrTop
MPOEKTUPYETCS KaK JOCTATOYHO OBICTPOXOAHBIM, TO CMa3Ka MOJUIMITHUKOB BO3MOYKHA
KapTEepHBbIM MAacjoM, pa30OpbI3rMBaHveM. B 3TOM ciydyae MOJMIMIHUKH PacCIoararTcs
MOYTH 3aloJJIMII0 C BHYTPEHHEW CTeHKOW penykropa (c1=2...3 mm). Eciu penykrop
TUXOXOJHBIM (T.€. TOYHOCTh 3yOuUaThIX Mepenad 8 CTENeHM TOYHOCTH U HUXKE), TO
NOAIIMITHUKAM HEe00X0JuMa aBTOHOMHAasi (KOHCUCTEHTHas1) cMa3ka. B aTom ciywyae st
NpeAOTBpAlllCHUsI BBITEKAHUSI CMa3KW B KapTep IMpPU HarpeBe HeoO0XoJuUMa YCTaHOBKa
CHEIUAJIbHBIX Ma3eyACpP)KUBAIOIIMX KOJICI, /I Yero BEJIMYMHY 3a30pa Ci Tpedyercs
yBennuuTh 110 10...15 Mm.

[Ipu pa3paboTke pacyeTHBIX CXEM BaJOB CXEMAaTH3UPYIOTCS JACHCTBYIOIIHUE
Harpy3ku (JJ1s1 yOpOLIEHHUS] pacue€TOB OHU MPUHUMAIOTCS COCPEIOTOYCHHBIMU B TOUKE),
THUIIBI OTIOP BAJIOB (IIAPHUPHO-MOJIBMKHAS, IIAPHUPHO HEMOJBMKHAsA). OgHa U3 onop, He
BOCIIPMHHUMAIOIIASI OCEBOI HArPy3KH, CYUTAETCS IIIAPHUPHO-TTOABUKHOM.

[Ipy KOMITIOHOBKE HEOOXOAMMO TPEABAPUTEIBLHO BBHIOpATh THUIBI U JaXKe HOMEpa
NoAIMUIHUKOB. [IpuyeM BoIOOp HEOOXOIMMO CHENaTh C YYETOM COOTHOIICHHUS OCEBOU U
paauanbHOM HArpy3ok (MpU OCEBBIX Harpyskax, npesbimaromux 30% oT paauaibHOM,
CJeAyeT OTJATh MPEANOYTEHUE PaJUaIbHO-YIIOPHBIM MOAIIUITHUKAM ).

[TonpoOHee pa3paboTKa pacueTHBIX cXeM u3jIoXxeHa [2, 4, 6, 14, 15].
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7. PABPABOTKA CXEMBI CIJI, JEVMCTBYIOIINUX HA BAJIBI

CurnoBasl cxema Harpy»KeHusl BaJOB MMEET LIEJIbIO OIPEACIINTD HAIIPABICHUE CUJI B
3alleTUIeHUsIX (TaHTeHIMAJbHBIX M OCEBBIX), CIOCOOCTBOBATH apryMEHTHPOBAHHOMU
pa3pabOTKe pacUETHBIX CXEM BaJIOB.

CxeMy cuJ B mepenadyax npuBoja [mpuinokenue 12] peKoMeHIyeTcs: BBIMOIHATH C
Y4ETOM CJEeAYIOIUX TPeOOBaHUM:

® CXeMy HEOOXOIMMO BBHINOJHUTH B AaKCOHOMETPUUECKOM H300pakeHUH (B
M30METPUM), IPU ITOM KeaTeIbHO (HO HE BCETla 3TO BO3MOXHO) OCh Z HAIIPaBUTh
BJI0JIb BaJla, X — TOPU30HTAJIBHO, Y — BCErJa BEPTUKAIBHO.

® DacHoJIOKHUTh JETalM IepeAad B COOTBETCTBUM C KHUHEMATHYECKOM cxeMoil (c

COOJIIOJICHUEM TMPONOpIUH, HO 0€3 KOHKPETHOro macmTada), ¢ UCKYCCTBEHHBIM

3a30pOM MEXKIy JAeTalsiMH repefad B 3...5 MM (s u30exaHusi BO3MOMKHBIX

OLIMOOK B HAIIPABJICHUSAX CUI);

® CXEMBbI JIOJKHBI COJIEPKATh N300paXKEHHUE OIIOP C YKa3aHUEM OTIOPHBIX peaKLui.

[Ipy »TOM pekoMeHIyeTcss Omopbl OO0O3HAYUTH ONpEIEICHHbIMH OyKBamMu
anaBuTa, a OMOPHBIC PEAKIIUHU — C JIOTIOJIHEHHEM UHICKCOB Oceil (Hampumep-Ay) .

CxeMy cui, IEMCTBYIOIIMX HA Bajbl MPUBOAA, CIECIYET BBIIOJHUTH HA OTIEIBHOM
mucte popmara A4. IIpu 3TOM peKOMEHAYIOTCS CHIIbI, ICHCTBYIOIIME HA BaJbl, U OTIOPHBIE
peakluu OT HUX B Pa3HBIX IIOCKOCTSX N300pakaTh pa3HbIMU LIBETAMHU.

8. YTOUHEHHBINA PACUYET BAJIOB

Basnbl Ha gaHHOM 3Tare pacCYMTHIBAIOT HA MPOYHOCTH MIPU COBMECTHOM JIEHCTBHUH
M3rUOAIOIIEr0 W BPalAIOIMIEr0 MOMEHTOB (JACHCTBUSIMH OCEBBIX U TOMEPEUHBIX CHJI
npeHedperaror).

Bpamaromme MOMEHTHI Ha Bajax ObUIM ONpeAesieHbl paHee. BennunHbl
M3rHOAIOIMX MOMEHTOB BaJIOB OTHOCUTENIBHO Pa3JIMYHBIX OCEH ompenenstoTcss Ha 0ase
pa3paboOTaHHBIX PACUETHBIX CXeM BaJIoB (pazneiibl 6 u 7). Ilpu 3TOM pekoMeHayeTCs AJis
Ka)XI0T0 Bajla 00bSIUHUTH B OJJHOM PHCYHKE IISATh (parmMeHTOB[npunoxenne 13]:

e PacueTHyI0 CXeMy BaJia OT CHJI B BEPTUKAILHOM II0CKOCTH (111, YZ);
Dropy U3rudarommux MOMEHTOB My OT ATHX CHIT,
PacueTnyro cxemy Bajia oT cuil B Tiockoctu XZ,
Onropy U3rudaronmx MOMEHTOB My OT TaHHBIX CHJI;
Omnopy Bpallarouux MOMEHTOB T.
Omiopsl  MOMEHTOB HEOOXOJIMMO BBIMOJHUTH B MacmTade (Mpu HaTUYAH
BO3MOYKHOCTEH — B OJJHOM), C YKa3aHHUEM BEJIMYUH MOMEHTOB B KPUTUUYECKHUX CEUCHUSX, a
BECh PUCYHOK CJIEYET IOMECTUTh HA OJTHOM JIUCTE.

PacderHbie 3Haue€HHUSI MOMEHTOB HCHOJIB3YIOTCS JJii MPOBEPKU CTATUUECKON U
YCTAJIOCTHOW ITPOYHOCTHU BAJIOB.

[IpoBepky cTaTH4YecKOW MPOYHOCTH Bajia MPOU3BOIAT B HENSIX MPEAYNPEKICHUS
MJIaCTUYECKUX JedopMalinii B ONTaCHOM CEYEHUHU TIPU KPATKOBPEMEHHBIX TMeperpy3Kax mo
YCIIOBUIO
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o
SCm = —T 2 [Scm]’
Kn ’ o-axs

re o; - peaell TeKy4ecTy matepuana Bana [1,1.1];
x, - Koo umueHT meperpy3ku (Mo pe3ynbTaTaM YTOUHCHHS 3aaHus );

_ K6
Gom - W

X

- OKBUBAJICHTHOC HAIIPSIKCHUC,

a M, = M2+T% = \/Mf +M?+T? - >KBHBAJICHTHBII MOMEHT,
W_ =0,d? - 0ceBOH MOMEHT COIPOTUBJICHHS BaJla B IIPOBEPSICMOM CCUCHHH;

[S.,] - momyckaeMblii K03 UIIMEHT 3araca CTaTUHYECKOM MPOYHOCTH ([s.,
1=1,4...1,6).

[IpoBepky ycTanoCTHOM (LMKIMYECKOM) MPOYHOCTH Baja MPOBOAUTCS IOCHE
YTOUHEHHUSI BCEX €ro pa3MepoB mo oobmenpunsTor Mmeromauke [4,c.209], [6,c.263], [13,
c.255...259]. HeoOxomuMO ¥ JIOCTATOYHO TIPOBECTH TMPOBEPKY CTATUYECKON U
YCTAJIOCTHOM MPOYHOCTH JUIsI IBYX, HAKOOJIee OMAaCHBIX CEUCHUMN.

[TpoBepouHBI pacueT clieIyeT 3aBEPUINTh MPOBEPKOM KECTKOCTH OJHOTO U3 BAJIOB,
IpexJe BCEro — BEAYLIEro, OOJAJAIONIET0 MEHBIIEH KeCTKOCThio. OO0s3aTeNbHON
ABJISIETCS MPOBEPKA )KECTKOCTHU JJIs1 YEPBSKOB [6, €.266].

9. PACYET (I1IOABOP) NIOALUIUITHUKOB

HcxoaubiMu JaHHBIMU 151 pacdeTa (Mo100pa) MOITUITHUKOB CITYKaT:

® 33/IaHHAs IOJITOBEYHOCTh padOTHI MPHUBO/IA (IO YTOUHEHHUIO 3aJaHus);

e uameTp namdsl Bajia o pe3yibTaTaM MpeBapUTEILHOTO MPOSKTUPOBAHUS;

® paaualbHbIE U OCEBBIE PEAKLIHH OIMOpP, ONPEACIISIEMbIE IPU YTOUHEHHOM pPACUETe
BaJIOB;

® YacTOTa BpalleHUs Baja.

Jlns omop OaHOrO Bajga B MEISIX YHU(PUKAIMKA PEKOMEHAYETCS MPUMEHSTh
NOAIIMITHUKN OJTHOTO TUIopa3Mmepa. VICKIIoUeHHEe COCTaBISIIOT MPU 3TOM OIOPBI, KOTJa
OJIHAa BBITIOJIHAETCA Kak (PUKCHpOBAHHAsA, JApyras — IUIaBaromias (Hampumep, JUisl Orop
YEpBSKOB, KOTJa IIepemnaj; TeMIlepaTyp IMpH OKCIulyaTanuu 3HauuteneH). [lombop
IPOU3BOJIAT 10 00Jiee HATPY>KEHHOM Omope, M0 HauOOoJbIIeH YKBUBAJICHTHONW Harpys3ke, ¢
Y4ETOM COOTHOILLICHUSI OCEBOM U PaavalIbHON HArpy30K.

PannanbHast Harpy3ka onopsl (10nycTUM,A) onpeaessieTcs: Kak

Fo= A+ A2,

rae Ax 1 Ay — peakuu BO B3aMMHO NEPIEHIUKYIISPHBIX IJIOCKOCTSIX, OIPENEIIIEMbIE
IIpY YTOYHEHHOM pacyeTe Baja.

BaxxHo mpaBWJIbHO HaMETUTh TUN MOAIIMITHUKA, MPEXKAE BCEro — CAENaTh BHIOOP:

paauanbHBIA WM PagualbHO-YHIOPHBIN, INIAPUKOBBIA WM POJUKOBBIA (MTOJIBYATHIN)

F
noammnuuk. [lpu paguanbHBIX W HEOOJBIIUX OCEBBIX Harpy3kax (E*“SOB) MOYKHO
r

OCTAaHOBUTH BBHIOOp Ha paJvalibHBIX IIAPUKOBBIX MOJIIUITHUKAX, HE TMpuoOeras Kk Oosee
ne(UIUTHBIM paauaabHO-YyIOPHBIM. [Ipu 3TOM HEOOXOAMMO Y4YeCTh, YTO IIAPUKOBBIC
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HOJIIIUITHUKY 00Jiee OBICTPOXOAHBI, AOMYCKAIOT HEKOTOPBIN MEPEKOC BaJOB, a POJIUKOBBIC
MNOJIIMUITHUKY CIIOCOOHBI BOCITPUHUMATh OOJIbIINE HATPY3KH.
[ToxGop (pacyeT) MOAMIUITHUKOB KaYEHUsI TPOU3BOISAT MO JBYM KPUTEPUSIM:
® [0 CTAaTUYECKOM TpYy30MOJBEMHOCTH, B IEJSIX NPEIOTBPAIICHHS OCTAaTOYHBIX
nedopmanmii  (0OpazoBaHMsS JIYHOK) Ha JOpOXKKaxX KadeHHUs, (B THXOXOIHBIX
MIOIIITUITHUKAX );
® 10 JWHAMHUYECKOW TPY30MOIBEeMHOCTH [mpuioxkenue 13], st oOecrnedeHus
3aJJaHHOM JIOJITOBEYHOCTH, pecypca paboThl IOAMMIHKMKOB (mpu N>10 mmu?).
[ToammMImTHUKY PeTyKTOPOB, pabOTAIOIINE TIPU HHTCHCUBHOM PEKUME, POBEPSIIOTCS

Ha pecypc paboThI 1o hopmyie
C n
L - (_j ’
P

rae C — nMHaMu4YecKasi py30M0IbeMHOCTh MOIIIUITHUKA, B KH;
L — 10NTOBEYHOCTH MOAIIUITHUKA, B MJIH.000POTOB;
N — mokaszarenb creneHd (3 — Id  IIApUKONOAIIMIHUKOB W 3,33 — A
POJMKOMOAIINITHUKOB);
P=[F -X-V+F,-Y]-k, -k, —okBuBasieHTHas (IpUBEACHHAs) HArpy3Ka MOIIUITHUKA, B KH

rae X 1 Y — ko3(p(ULHUEHTHl BIUSHUSA HA PECYpC pagualbHOW U OCEBOM HArpy3ok (1o
TabIuIam);
V — ko3QduiieHT BIUSHUSA BpalleHUs Kojblla (MpHU BpalEHWH BHYTPEHHETO KOJIbIIA
V=1);
k, m k — KOpOUIMEHTH], YyUYUTHIBAIOIINE BIUSHUE YIAPHOCTH HArpy3ku U
TEMIEPATYPHOIO peXUMa padOThl MOJUIMITHUKOBOTO Yy3Jia (IpH OTCYTCTBHU OCOOBIX
YCIIOBUI peKOMEHAYeTCsl IPUHATh K_ 1 Kk, =1).

Pecypc pabotsl mommunuukoB LB MITH.00. cieayer mepecywTarh Ha pecypc L, B

yacax 1o gopmyiie

ra¢ N —yacTtoTa BpalllCcHUA Bajla B MI/IH-l.

Ecnu pacdeTHbI pecypc oKaxkeTcsi MeHble TpeOyeMoro, He0OXOIUMO BBIOHMPATh
MOAIIMITHUK O0JIee TSHKETON CepUM WM APYTroro TUIa.

10. YTOYHEHHAS KOMITIOHOBKA (KOHCTPYUPOBAHMUE)
PEAYKTOPA

[Ipu npoeKTHpOBaHUH pacyeT U KOHCTPYHUPOBAHUE BEAYTCS OOBIYHO MapaijiesbHO.
JIroboe mpuHHMaeMoe KOHCTPYKTHBHOE pelIeHHe TpeOyeT TEOpPEeTUYECKON NpPOBEPKH,
oOocHoBaHusA. TakoW TONXOJ TMO3BOJSET HATH K LETU KpaTyallluM myTeM, C
MHUHHMMAaJIbHBIMU 3aTpaTaMy TpyAa, BpeMeHH, cpeAcTB. [losTomy mocne mponeslaHHbIX
BBIIIE PACUYETOB BAJOB M MOJIIMITHUKOB MOSBISETCS BO3MOXKHOCTH UM HEOOXOIUMOCTH
nanbHeime npopabOTKM KOHCTPYKIMU PEAyKTOpa, pelIeHUs psaa KOHCTPYKTHUBHBIX,
TEXHOJIOTUYECKUX U IKCIUTYyaTalMOHHBIX 3a1a4.
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[Ipexxne Bcero, ciaeayeT HaAMETUTh OOMIYI0 KOH(PUTYpAIMIO KOpIyca peayKTopa,
HEOOXOAMMBbIE JUISl OCYILECTBICHUS COOpKH pa3beMbl Kopmyca (TFOPU30HTATbHBIM,
BEPTUKAJIbHBIN, HAKJIOHHBIN). [IpeAnoYTUTENbHBIM SBIISIETCS TOPU3OHTAIBHBINA Pa3beM MO
OCH KOJIeCa, a YCTAaHOBKY Bajla-IIECTEPHU WM Baja-uyepBskKa MOXKHO OCYIIECTBISThH Yepes
OOKOBBIE OTBEpCTHS. Pa3beMOB KOpmyca MOXET ObITh M HECKOJIBbKO, MMEIOTCS TaKkKe
KOHCTPYKIIMM PEIyKTOpOB 0€3 pa3beMOB Kopmyca (Hampumep — YEpBAYHBIX), C
MOHTQ)KHBIMA OKHaMU Ha OOKOBBIX CTEHKAX.

Kpemnienne kopmyca ¢ KpBIMIKOH PEIyKTOpa MOXKET OCYIIECTBISTHCS Pa3sHBIMU
crocobamMu — 60JTaMH, BUHTAMU U IIMIJIbKaMU. bontel TpeOyroT 00pabOTKH OMOPHBIX
IJIOIIA/IOK C 0OEUX CTOPOH, YTO CBSI3aHO C HEMAJIBIMU TPYAHOCTSIMU B JIUTHIX JIETAAX, a
BUHTBI HEXEJIATEJIbHBI MPU YaCThIX pa3z0opkax (Hampumep — Uil 3aKiaJKd CMa3Ku B
NOAIIMITHUKY, €CIU HE NPEeAyCMOTPEHbl MACJICHKHU) BCJIEACTBUE BO3MOXKHOTO CphIBA
pe3bObl. Pasmepsl (maHIleB miis  KpeIuieHWs TPH  OTOM  CJIEAyeT BBIOMpaTh IIO
pekomenmanusam [3, 4, 6, 13, 14]. JIna yBenudeHus XECTKOCTH (IaHIEB B MecTax
MOCAJIKU TOAIIUITHUKOB U CTAOUIIBHOCTH TMOCAJ0K PEKOMEHAYETCs JeNiaTh MPUITUBHI, a
CTSKHBIE JleTanu (OOJIThI, BUHTHI, IIMWIbKK) pacrojarath 1Mo BO3MOXHOCTH OJIDKE K
MOIIUITHUKAM.

Heob6xoaumo Ha 3Toi cTaiuy MPOSKTUPOBAHUS C/IENIaTh BHIOOP:

® BapuaHTa BBIMOJHEHUS IIECTEPEH M YEpPBSKOB (I€NbHBIC WM HacagHbie). [lpu
HE3HAYUTEIHLHON pa3HUIE B MaMeTpax BaJoOB U AeTajeil nepenay palnroHalIbHbIMUA
SBJISIIOTCS 1I€IbHBIE KOHCTPYKIMH (BaI-IIECTEPHS U Ball-4EPBSIK);

® THUMa KPBIIKU MOJIIMIHUKOB (TOPIOBBIE WM 3aKjiaJHbIe). TOPIOBBIE KPBIIMIKU
OoJyiee TepMETUYHBI U YHUBEPCAIbHBI, MOXXHO TPHUMEHSTh U TMPU HEPAZHEMHBIX
koprycax, cranpaptusupoBanbl ['OCT 18511-73 u I'OCT 18512-73.3aknagHeie
KPBIIIKK  yJIOOHBI 1O TEXHOJOTUYECKUM COOOpaKEHUSM, OHU HE TpeOyroT
00pabOTKK OMOPHBIX MOBEPXHOCTEN, CBEPJICHUSI OTBEPCTUN U Hape3aHUs pe3b0 Mo/
KpETEeKHbIE BUHTHI;

e BapuaHTa KOHCTPYKIMH BBIXOJHBIX KOHIUOB BajloB (UWIMHAPUYECKHE WU
KoHnueckue). llunuHapuyeckue KOHIBI BajJOB MPOCThI MO KOHCTPYKIUMU, HO
TPEOYIOT JOTOJHUTEIBLHON OCeBOM (DUKCalMK AeTalel mpHu Mmocajkax ¢ 3a30pOM U
VCIOXKHSIIOT MOHTaX TMpU mocaakax ¢ HaTrsaroM. KoHMYeckne XBOCTOBUKH
CIOCOOCTBYIOT  JIyYIIEH IIEHTPOBKE HACaXXMBAEMbIX JeTajel, pasrpyxaror
HINTOHOYHOE COEMHEHHE 32 CUET CUJI TPEHHUS, YIIPOIIAIOT MOHTAK;

e croco0a cMa3Ku 3alleTUIeHUH U MOIIUITHUKOB. 3y04aThlie U YEPBSIYHbBIC 3aIICTICHUS
B pEAYKTOpax OOBIYHO CMAa3bIBAIOTCS KapTEpPHOW CMa3KOM WHAYCTPHAIbHBIMU
MacjaMH, BS3KOCTh KOTOPBIX 3aBUCHUT OT OBICTPOXOJHOCTH U HArPy>KEHHOCTH
penykTopoB. I'myOuHa morpykeHus Kojieca ObICTPOXOIHON CTYNEHH JI0JHKHA OBIThH
COM3MepHUMa C BBICOTOM 3y0a, a TMXOXOJHOM cTymeHu — He Ooisiee 0,25 paauyca.
[Ipu ckopoctsax ©Oomee 10 -12 w/c wmacno 1uenecooOpa3sHO MMOJaBaTh
HETOCPECTBEHHO B 30HY 3allCTICHHUS.

Cmaska TOJIIMITHUKOB 4Yalle OCYIIECTBIISIETCS KapTepHOHW cMazkod (mpu
OKPYXKHBIX CKOpPOCTSIX > 3 Mm/c). B THUXOXOAHBIX peAyKTOpaxX MOIAIIUITHUKI
CMAa3bIBaIOTCS aBTOHOMHO, KOHCUCTEHTHOW CMa3KOW, MOCPEACTBOM Maci€HOK. [Ipu
9TOM BO HU30€KaHWE BBITEKAHWS KOHCHCTEHTHOM CMa3KH B KapTep NpHU Harpese
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JOJDKHBI OBITH TIPEAYCMOTPEHBI MaseyJepKuBaromue Kojbia [6, puc.78], a B
pPEAYKTOpax C HIKHHUM YEPBSKOM BO M30€XaHUE 3aJUBAaHUSA €ro MOIUIMITHUKOB
CTpyeH mMacia - MaclooTpakaTeabHbIe 1aiob! |6, puc.8.4]

BapuaHTa 0OpMJICHUS MOIIMITHUKOBBIX y3JI0B. Bajbl ¢ ornopamMu KayeHusi MOTYT
ObITh TUIABAIOUIMMU WM (UKCHUPOBAHHBIMU B OCEBOM HampaBiieHud. Hampumep,
JUTsl BRIDAaBHUBAHHS HArpy3Kd MEXIy IOJYIIEBPOHAMH 3y0daToi Tepemadd Baj-
IIECTEPHIO BBIMOJHSIIOT IJIABAIONIMM B OCEBOM HampaBiieHuu [6, puc. 14.3].
HanpoTus, onopsl BaJIoB YEPBSYHBIX, KOHUYECKUX U KOCO3YOBbIX KOJIEC BBIMOJHSIIOT
(UKCUPOBAHHBIMHU, YTOOBI OHM MOTJIM BOCIIPUHUMATH HE TOJIBKO PaJdalIbHBIC, HO U
oceBble Harpy3ku. IIpy 3TOM HpUMEHSETCSs YCTAaHOBKA MOJUIMIIHUKOB IO CXEME
«Bpactop» [5, puc.14.12], pexe — o cxeme «BpacTsKKy» [6, puc. 14.4]. B mepBom
CIyya€ BaJl MCHBITBIBAET CXKATHE, 2 BO BTOPOM — PACTSAHYT IPHU 3aATSHKKE Yy3JIa
ra’KoMm.

JUis  co3naHusi  caMOCTOSATEIBHOIO COOPOYHOTO KOMIUIEKCa Baja C
(GUKCUPYIONUMU OMOpaMH TMPUMEHSIOT CTaKaHbl. DTO 3HAYMTENILHO 0O0Jierdaer
PEryJIMPOBKY 3alICTUICHUSI B KOHUYECKHUX PEAYKTOpax, MPUMEHSETCS TaKKe s
BaJIOB-UEPBAKOB C OJIHOM (PUKCHpPOBAaHHOW W Jpyroul IiaBaroied oropamu |6,
puc.13.7]. CrakaHbl CioyKaT TaKXke I YBEIWYEHUs MPOXOJHOTO OTBEPCTHS IPHU
cOOpKe B HEpa3bEMHOM KOpITyCE.

TUIa MAacjoyKa3aTens, 3aJMBHBIX W CIMBHBIX YCTpOMCTB misi Macina. Illupoko
pacrpoCcTpaHeHbl B pEIyKTOpax »Ke3joBble Macioykazarenu [14, puc.10.63 a,0],
OJIHAKO HAKJIOHHAs WX YCTAaHOBKA B KOPITyCE PEAYKTOpa HEyJ00Ha B dKCILTyaTalluu
U CONCPKUT PNl TEXHOJOTMYECKUX TPYAHOCTEH. YIOOHBI B JKCIUTyaTallud |
MPOCTHI B M3TOTOBJIEHUU Kpyrible Macioykazatenu [14, puc.10.64], ynoben mius
HAOJIOICHHUS U YCTAaHOBKHU TPyOuaThiii Macioykazatens [ 14, puc.10.65], omnako o
ciabo 3amuiieH OT MOBpexAeHud. JJig 3aiMBKM Macia B PEIyKTOpax CieayeT
MPEIyCMOTPETh OKHA B KPBIMIKaxX (B YEPBAYHBIX PEIYKTOpPAX — C OTAYUIMHON B
KpBIIIKE), MJIs CIMBa Macia YJI0OHBI NMPOOKHM C KOHHMYECKOW pe3nOoi, He
TpeOyIoIIHe YIUIOTHUTEIBHBIX MPOKIAIOK [ 14, ¢.246];

TUMA YIJOTHEHUN BBIXOAHBIX KOHIIOB BajoB. HaumGosiee >PpdhekTUBHBI Il ITUX
nened mpu JIOObIX BapuaHTaX CMas3KW MOAIIMIHUKOB U cKoOpocTsx g0 10 m/c
pEe3UHOBBIE apMHUpOBaHHbIE MaHXeThl [14, puc.10.27]. Tlpu OGONBIIMX CKOPOCTAX
PEKOMEHIYIOTCS IIeJIeBbIC WU JIAOMPUHTHBIC yIuioTHeHus [ 14, puc.10.30].
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11. PABPABOTKA 9CKHN3HOI'O ITPOEKTA PEAYKTOPA
11.1 BBIHIOJIHEHHUE CBOPOYHOI'O YEPTEKA

['paduueckast yacTh KypCOBOTO MPOEKTA BBIMIOJHIETCS B CTPOIOM COOTBETCTBUU C
TpeboBanusimu ECK] kapannamom Ha BatmaHe. JlomyckaeTcsl BHIIIOJIHEHUE YepTexel Ha
KOMITBIOTEPE IOCIIE MPEABAPUTEIHHOIO COTNIACOBAHUS KOMIIOHOBOYHOM CXEMBI.

COopounblif yepTexx BbIMoOdHsETCS Ha Qopmare Al xematenbHO B Macmitade 1:1.
Homyckatorcs macmtadsl 1:2 u 1:2,5. Ilpu HEeBO3MOXKHOCTH pPa3MeCTUTh HEOOXOAUMBIE
MPOCKIMN (MUHUMAJIILHO 2 — BHUJ B IUIaHE, CO CHSTOM KpBIIIKON, M BUJ CIEpEau) B
yKa3aHHBIX MacmTabax cieayer npuMeHsTh ¢popMar AQ (WM BBINOTHUTH YEpPTEX Ha 2%
muctax popmara Al).

COopouHbIif  YepTex CileAyeT BBIIOJMHATH IO MpaBUiaM  YIPOIIEHHOTO
n3zoo0paxenus. Hanpumep, pazperniaercs He yKa3blBaTh:

e (acku, CKpyIJIeHUs, IPOTOYKU, HAKATKU U IPYTUE MEJIKUE JIEMEHTHI,

® 3a30pbl MEXJY CTEPKHEM U OTBEPCTHEM;

® KpBIIIKK U KOXKYXa, €CIIM HEOOXOUMO MOKa3aTh COCTABHBIE YACTH, 3aKPbIThIE UMHU.
B sTom ciiyyae Han uzo0OpakeHueM JenaroT HaAMuCh: KpbIka (1o3. 3) yCJIOBHO HE
MOKa3aHa,

® BHJIMMBIC COCTABHBIE YaCTH, YAaCTUYHO 3aKPBITHIE BIEPENH PACIIOJIOKEHHBIMU
3JIEMEHTaMHU (E€CII OHU HE ONPEIEIISIIOT rabapuThl y3ia).

IIpy wucnosnb30BaHUK  OOJBIIOTO KOJMWYECTBA KPEMEXKHBIX JETaled OJIHOTO
TUIIOpa3Mepa  JIOMyCKaeTcs MNOApOOHO u300pa)xkaTh JIMIIb  OJHO  COEAMHEHUE,
OTrPaHUYMBASCh B OTHOILIEHUH OCTAJIbHBIX OCEBBIMH JIMHUSIMHU.

COopouHblii uepTeX, KpoMme Trpaduyeckoro H3o0paxkeHus pa3zpadbaTbiBAEMOro
u3Nlenusi, JOJDKEH  COJEep)KaTb  HEOOXOAMMBbIE  pa3Mepbl, HOMepa  MO3ULUH
KOMILJIEKTYIOLIMX, BXOJSAIINX B y3€Jl, TEXHUYECKHE TPeOOBaHUs MO COOpPKeE, PEryIupoBKe
U JalibHeWIIel JopaboTKe y3I1a, ero TEXHUYECKYIO XapaKTEPUCTHKY.

COOopouHBIN YepTeXK JAOJKEH COACPIKATH TOJBKO caMble HEOOXOUMBIE Pa3Mephl s
o011ero npeAcTaBieHus 00 U3IEINH, OCYIIECTBICHHS COOPKH, PETYIUPOBOK.

Pasmepnl, yka3piBaeMble Ha COOpPOYHOM 4YepTexe, NOJpa3AeisiloTca Ha
UCIIOJIHUTENIbHbIE U crpaBouHble. K yuciy mepBeIX OTHOCATCS 0003HAUEHMs IMOCAJIOK,
NOJJIEXKAIIMX BBIITOJIHEHUIO IO TAHHOMY YEpPTEXKY, U PErYIMPOBOYHBIE 3a30PbI, KOTOPHIE
cienyer obecneunth npu cOopke. OcTanbHble pa3Mepbl — CIPaBOYHBIE, KOTOPbIE
BBIJICP)KMBATh TP COOpKE W KOHTPOJMPOBAaTH He TpeOyeTcs (HA dYepTeKe OHH
o0o3HavaroTCsl 3Be370ukod *). B 1memom cOOpOYHBI 4YepTeX JODKEH COAepk aTh
pa3Mepsl:

e rabaputHbie (B 3* M3MEpEHUsSX, NPU HAIUYMU BBIIBMKHBIX YacTed — C Y4ETOM

KpallHUX MOJOKEHUM );

® YCTaHOBOYHBIE (pa3Mephl OMOPHOW MOBEPXHOCTH, Pa3MEUIEHUE B HUX KPEIMEKHBIX
OTBEPCTUM, UX AUAMETP U TOJIIMHA ONTOPHOM TOBEPXHOCTH;

® TPUCOEIUHUTENbHBIE (JJIMHA U TOCAJOUHBIN JuaMeTp 1arnd BXOJHOTO U BBIXOJAHOTO
BaJIOB, UX PACIOJIOKEHHE 110 BICOTE U OTHOCUTEIBHO KPENEKHBIX OTBEPCTUI );

® [10Ca/IOK, BBIIIOJIHIEMBIX IO JAHHOMY YEPTEKY;
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® pPEryJIHpyEMBIX 3a30pPOB.

Homepa no3uiiuii KoMIIeKTyonmx Ha COOpOYHOM YepTeke 0003HA4aI0T Ha MOJIKax
JIMHUAW-BBIHOCOK, KOTOPBIE PACMOJIAraloT MapajuyIeIbHO OCHOBHOM HAJNKMCU BHE KOHTYpa
yepTexka, Mo BO3MOKHOCTU Ha OJHOW TOPU3OHTAIM UK BepTUKainu. Pazmep mpudra npu
ATOM Ha OJMH-/IBa HOMepa OOJIbIIIE, UeM Y pa3MepHbIX uncel. Jlomyckaercs o01ast JIMHUs-
BBIHOCKA C BEPTHKAJIbHBIM PACIOJ0KEHHEM HOMEPOB MO3ULMUHN ISl TPYIIIBI KPEMEXKHBIX
netaneit (6onT, mraitba, raiika). TexHunueckne TpeOOBaHUS MOMEIIAIOT HAa TOJIE YepTeKa
HaJ OCHOBHOW HAJMNKHCHI0 B BHJE CTOJIOIA, MO IIMPUHE HE BBIXOJIICH 3a MPEEIIbl
OCHOBHOM Haamucu. Kaxmas mMO3UIUS TEXHUYECKHX TpeOOBaHUN  HyMepyeTcs H
HAYMHAETCSl C HOBOW CTPOKH, UMeeT (opMy TpeOOBaHMI K MCHOTHUTENAM (COOpIIMKaM,
peryiMpoBIIMKaM, 0OKaTYUKaM, TIOKpaCYUKaM | T.1.).

“TexHuyeckas XapakTepucTUKa”, Kak u “TexHudeckue TpeOoBaHUs’, CHAOXKaeTCs
3aroJIOBKOM, pa3MelIaeTcsl Ha CBOOOJHOM IOJI€ YepTexka U COJIEPKUT OCHOBHBIE CBEJICHUS
o penykrope. IIpexne Bcero, 3To:

® [IEPEAATOYHOE YUCIIO;
¢ HOMHHAJIBHBIA MOMEHT Ha BEJOMOM Baiy, Hwm;
e IIpeleibHAsS 4YacTOTa BPANIEHHS BEOyLIETO Bala, MUH ® (MM PEKOMEHIyEeMBIii

JTMATNa30H YacTOThI BPAILICHHUS ).

11.2. BBIbOP ITOCAZJOK, CbOPKA 1 PEI'YJIMPOBKA IIEPEJJAY

Beibopy mnocagok Ha Ball JeTajed nepenad IpeaiiecTByeT BbIOOp crocoda
nepeaayy Bpallaroniero MOMEHTa OT Kojiec Baily (IIMOHKOW, IUIMIIaMH, MOCPEICTBOM
HaTsra W Ap.). Hawmbomnpinee pacmpocTpaHeHHE B YCIOBHUAX HHAWBHIYATbHOTO H
MEJKOCEPUITHOTO MPOU3BO/ICTBA OTYUHIIH ITTOHOYHBIE COSTUHEHMS, KAaK CAMBIE TIPOCTHIC
B m3roTtoBieHnH. OIHAKO MPH 3TOM CHIBHO TpaBMHpYyeTCs Ball. boiee coBepieHHBI
IUTKIEBbIE COCTMHEHUS, B KPYITHOCEPUHHOM W MAacCOBOM TPOM3BOJCTBE MEPCIICKTHBHBI
MIOCAIKU C HATSITOM.

JIOTyCKM ¥ TOCAJKW B HUTMIEBBIX COCIUHEHMSIX, BHIOOP CIOco0a IEHTPUPOBAHUS
JI0OCTaTOYHO TOJHO U3NoXKeH®l B [5, 13, 14], pernmamentupyrorcs 'OCT 1.139-80 (ans
npsMOOOYHBIX IITUIEB, HaumOoJee paclnpocTpaHeHHbIX). Ha uyepTekax NUIMIICBBIC
COoeMHEeHMsI 0003HaYaroTCs ycinoBHO. Hampumep, Ha cOopoyHOM YepTeke 0003HauUeHUE
MOKET UMETh BU]I

d - 8x461L x50 H10 g HO.
f7 all dii
riae d — o3HavaeT crocod neHTpupoBaHus (10 BHYTPEHHEMY THAMETPY);
8 — YKCII0 HIINIIEB;
H y
46W — BHYTPEHHHI THAMETP U MOCAJKY;

H10 o .
50 1 HapyKHBIM THAMETP U MOCAJKY;

9 :—13 — IIMPUHY LIJIMLEB U TOCAKY.
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COOTBETCTBEHHO Ha YEPTEKE BTYJIKH 0003HAUCHUE UMEET BU]I
d — 8x46H7x50H10x9H9,
a [IUTAIEBOTO Baja

d — 8x46f7x50a11x9d11.

HpI/I nepecaadyc Bpamlaromero MOMCHTA IHNIIOHKAMH B COIIPAKCHHHU CTYIIHMIA-Ball
H7 H7

Haubosee NpeAnOYTUTENbHBI IEPEXOAHBIE MTOCAIKH PR IIpu 3TOM OOecreunBaeTCs
HOpMaibHass paboTa IIMNOHKKM O€3 MOTepU YCTOMYMBOCTH (OTCYTCTBYET 3a30p B
COEIMHEHUM), MPOCTOTa COOPKU IIPU NEPBOM BAPUAHTE IOCATKU U HAJIEKHOCTH IPH
YIApHBIX Harpy3Kax, 4acThIX IyCKaxX U PEBEPCUPOBAHUU — BO BTOPOM.

[Ipu nepenaye BpallaroIIero MOMEHTA 3a CUET HATATa M CHJI TPEHUS, CBA3AHHBIX C
HUM, Hauboznee mnpeanoututTenbHbiMu Tocagkamu 1o ['OCT 25347-82 sustoTcs
H7 H7 H7 . .
EWE BeIOOp TO¥ MM MHOM MOCAJKH 10 OCHOBHOMY OTKJIOHEHHWIO Bana (p, I, S)
OPOU3BOAMTCS 1O BEJIWYMHE I[IE€PEIaBAEMOr0 MOMEHTA, paCYETHOrO 3HAYEHUs
MUHUMAJIBHOTO HaTsAra. BeIOOp e KBamuTeTa TOYHOCTH ONpPENENseTcs SKOHOMUYECKUMU
COOOpaXKeHHSIMH, 3aBUCHUT OT THUIIA U OCHAILICHHOCTH MTPOU3BOCTBA.

[Tocanounble tuaMeTpbl BaJOB CIEAYET BHIOUPATh TOJBKO U3 CTAHAAPTHOIO Psija 1o
I'OCT 6535-69 [1, 1.2].

Y CTONYNBOCTD IHocaaku 3y6anor 0 U YCPBAYHOI'O KOJICCA, IMKKWBA WM 3BC3I0YKH

3aBUCUT OT JJIMHBI cTynuibl. Ecmu %20,8 (¢,,- mmuHa crynumbl, d — auaMeTp

OTBepCTPl}I), TO MNUWIMHAPHUYCCKAA IIOBCPXHOCTb OTBCPCTHUA IIOJIHOCTBIO OIIPCACIIACT

l
ITOJOXXCHHEC KOJICCa OTHOCHUTCIIbHO BaJjia. HpI/I KOPOTKHUX CTYyIIMIAX, Y KOTOPBIX g" <08

TOYHOCTH (PUKCAIMM KOJieca Ha Bajy 3aBHCHUT OT TOUHOCTH BBIIIOJHEHUS TOpLAa OypTHKa,
€ro NEPIEHINKYJISIPHOCTH OCH BaJja.

[locagky TONIIMIIHUKOB Kauy€HHsI BBIOMPAIOTCA B 3aBUCHUMOCTH OT XapakTepa
Harpy>)xeHuss  npuBoja  (yAapHOe,  CIIOKOWHOE), BHJAa  HAarpyXeHus  KoJiell
(IUPKYJISIMOHHOE, MECTHOE), 4acToThl BpamieHus [5, c¢.106]. Ilpu sToM cyiiecTByeT
oOlee MpaBWIO: MOCAAKY Bpamaromerocs (MUPKYJISILMHUOHHO HarpyXeHHOTO) KOJbla
BBINIOJIHAIOT C HEKOTOPBIM HATATOM, a HEMOJBHKHOTO — 0e3 Hatsra (u 0e3 3azopa). Ilpu
YIApHBIX Harpy3kax peKOMEHIYIOTCS 0oJee MIOTHbIE MOCAIKH, NI BBICOKOCKOPOCTHBIX
NOJIIMITHAKOB HATAT CJIEyeT YMEHbIIUTh. B o01eM ciiyyae MOXHO PEKOMEH0BaTh s
BHYTPEHHETO (BpAIIAIOIIErocs) KOoJblla pa3Mep Baja BBIMOJIHATH M0 k7 Wik M7 (k6 wiu
M6 11st Oosiee OBICTPOXOAHBIX U OTBETCTBEHHBIX MPHUBOJOB). I MOCAAKU HAPYKHOTO
KOJIbLIa PEKOMEHAYETCSI OTBEPCTHUE C MpeaenbHbIM oTKI0oHeHHeM H7 (H6).

JUis TOOIIMITHUKOB KayeHUs JOMYCKaeTCs MOCaAKy Ha COOpPOYHBIX YepTekax
0003HaYaTh NMpeAebHBIM OTKJIOHEHUEM JIMILb OJHOM AeTaiu (Bajia WK OTBEPCTHS IS UX
nocaaku). Kosblia caMux MOAMIMITHUKOB U peKoMeHayeMoro 0 kjacca TOYHOCTH UMEIOT
OTKJIOHEHHUs Lo ()11 BHYTPEHHEr0 KOJIblia, JOMYCK OTPULATENbHBIN) U £, (1J11 HAPY>KHOTO

KOJIbIIA, IONYCK TaK>Ke OTPULIATEIbHBIN).
[TorpemHOCTH U3rOTOBIIEHUS KOJEC U MOHTA)Ka MPHUBOJIAT K NOTPEUTHOCTH OCEBOTO
MOJIO’KEHUSI KOJIEC B PEAYyKTOpe, YTO OTpa)kaeTcsi Ha KadecTBe padoThl 3aneruieHus. B
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HUAJMHIPUYECKUX PENYyKTOpax Ui KOMIIEHCAIMM OCEBOr0 CMEIIECHMS KOJIEC JENIaloT
HECKOJIbKO IIHpE MIECTEPHIO, B IIEBPOHHOM Mepeaade OJIMH U3 BajoB (0OOBIYHO BEIYILIUA)
BBITIOJIHAIOT «ILJIABAIOIIMMY B OCEBOM HAIPABJICHUH (JIJIs1 CAMOYCTAaHOBKH KOJIEC).

Oco00 BaxkHOE 3HAUYEHHE HMMEET PETyJIUpPOBKA 3allCIUICHUS B KOHMYECKUX H
YEPBAYHBIX PEIYKTOPax.

B kxoHuueckoil 3yOyaTol mepemade i HOPMaJbHOW pabOThl 3allCTUICHUS
HE0OXOIMMO COBMAJICHHE BEPIINH JIETUTENIbHBIX KOHYCOB Koiyiec (puc.2a). Ha mpakTtuke
OOBIYHO MPOUCXOIUT CMEIEHUE BEPIINH KOHYCOB ( A1 U Az Ha puc.20), YTO IPUBOIUT K
HapyLIEHUIO KOHTAKTa 3yObEB, KOHLEHTpAalMU HanpsLKeHW, 3aemanuto. Crpenkamu
yYKa3aHbl HAIPABJIIEHUSI OCEBOT0 NEPEMEIIEHUs KOJEC ¢ BAJIAMHU ITOCPEACTBOM IMPOKIIAIOK
IIPYU PEryJIUPOBAHUU 3aLCIIIICHU.

6)

- lq" I
N /
'Ag

HERS = NTA
[ ’ | ‘9
% /

Pucynox 2 - K peeyiuposke KoHUYECKO20 3ayenieHus:a) HOPMAIbHOE
pacnoiodxcenue Kouec, 6) epuiuibl OeIUMENbHbIX KOHYC08 cmewervl (A1u Ay)

Hanpabrenuve
peryaupobry

Cpedns s
IACCKoCTS
Keoiseca

Pucynok 3 - K peaynuposke uepsauno2o 3ayeniienus.a) HopmaibHoe PAcnolodiCeHue
KoJleca u uepesika, 0) Kojieco cMeuweHo OMHOCUMENbHO OCU YepBsKa.
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B depBsuHBIX mepemavyax MOJDKHA OBITh TOYHO COBMEIIEHA CPEAHSS TJIOCKOCTH
3y04aToro BEHIIa YEPBAYHOTO Kojieca ¢ Ochbio depBsika (puc.3a). Ilpm cmemenun ux
CMEIIAeTCs COOTBETCTBCHHO M IATHO KOHTakTa (pHic. 30), YTO HE TOJIBKO YBEIUYUBACT
TPEHHUE B TIape, HO M MOYKET IIPUBECTH K 3aC/IaHUIO.

PerymupyroT oceBoe MOJOKEHHE KOHHYCCKMX M YCPBIYHBIX KOJIEC TIOJ00pOM
IPOKJIAJI0K, KOJell U BuHTamu. [6, 14].

JUIss  94epBSAYHBIX  PEAYKTOPOB, TJI€ TEIUIOBBIACIICHHE OCOOCHHO  BEJIMKO,
PEKOMEHIyeTCsl MPOBOJANTH TEIIOBOW pacdeT. MeToauka pacdyera JOCTaTOYHO MOAPOOHO
u3noxkeHa B [6, 9, 14].

PexomenmyeTcss miomanas TEMJIOOTBOASIIMX CTEHOK PEAYKTOpa OMPEASsATh II0
(baKkTHYEeCKUM €ro pazMepam, MpeAebHO yrpocTuB KoHpurypamnuto. [Ipn HemocTaTouHOM
€CTECTBEHHOM TEIJIOOTBOJE PEKOMEHIYIOTCS JIMThie pedpa Ha OOKOBBIX CTEHKax
pPEAYKTOpa, PACIONOKEHHBIE BEPTHKAIBHO (IS JIYYIIEro MepeMEIIeHUsI KOHBEKTUBHBIX
MTOTOKOB).

11.3. BBIIIOJTHEHUE PABOUYMX YEPTEXXEN JIETAJIEN

PabGounii yeptexx nmeranu BeimodHseTcs B coorBercTBUU ¢ ['OCT 2.109 — 73 u
IpeacTaBisgeTr coOOM JTOKYMEHT, COJEpKallluid BCE CBEJCHUS, HEOOXOIUMBIE JUIsl €ro
U3TOTOBJICHUST M KOHTpoiss. OH JOMKEH colepkaTh HEO0OXOJUMOE YHUCIIO MPOCKIUN
(pa3pe3oB, CeUeHMIA), KOTOPHIE JOJKHBI HCUCPIBIBAIOIIE TTepeaaBaTh (HOPMBI HAPYKHBIX U
BHYTPECHHHX MTOBEPXHOCTEH JCTAIIH.

Jletans Ha  yepTexke  u300paxkaeTcs € COOJIOJIGHHEM  ONPEACIICHHBIX
TEXHOJIOTUYECKNX TpeOoBaHui. Tak, neranu ToKkapHONW 0OpabOTKH pacIoyiararTcs Mo ux
MOJIOKEHUIO B LUIMMHJENE CTaHKa, a AeTald (ppe3epHOor WK NUTM(OBaIbHON 00pabOTKH —
B MOJIOKEHUU Ha CTOJIE CTaHKa (17151 y100CTBAa U3TOTOBJICHUS).

Ha geprexe q0MKHBI OBITH MPECTABICHBI:

® BCe HEOOXOJIUMBIE pa3Mephl JJIsl U3TOTOBJICHHS U KOHTpoutst ¢ coomoaenrem ['OCT
2.307-68, HO Oe3 eAMHOTro JUIITHETO (B Cllydae HEOOXOAMMOCTH OHU JIOJDKHBI OBITh
OTHECEHBI K CITIPAaBOYHBIM);

® TIpeAClbHBIC OTKJIOHEHHS BCeX pa3MepoB. [Ipm sToM Ha depTeke NPUBOIATCS
npeebHble OTKJIOHEHHUS IUIIb TeX pa3MepoB, KOTOpBIC OMPENEIsoT paboTy
netany (0OBIYHO UMEIOIINX BBICOKYIO TOYHOCTH). [IpenenbHbIe OTKIOHSHHS APYTHX
pa3MepoB OTOBAPUBAIOTCS B TEXHUYECKUX TpeOoBaHUAX (Hanmpumep: «HeykazaHHbIe
npesebHbIe OTKIOHEHHUS pasMepoB o H14; h14; £1T14/2y);

® IIepOXOBaTOCTh Beex moBepxHocTel B cooTBercTBUM ¢ ['OCT 2.309-73. Haunbonee

XapakTepHas ISl JETaIH MIEPOXOBATOCTh MPU 3TOM BBIHOCUTCS B BEPXHUU MPaBBIN

yTOJI YepTekKa,

e HeoOXxoaumbie nonycku Gopmbl U pacnoioxenus nosepxuocteit mo 'OCT 2.308-

79. Jlna BasioB U 3y04aThIX KOJEC 3TO B MEPBYIO OYepelb paauajbHbie OWEHUS

pabounx MOBEPXHOCTEH, HEMEPICHANKYISIPHOCTh TOPIIOB OMOPHBIX TOBEPXHOCTEH

u Jip.;
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e 0003HaUYECHUA TepMHUUECKOH (001Iel 1 MecTHO) 00paboTKu. [l BasoB 1 3y0uaThix
KOJIEC 3TO OOBIYHO YIJIYYIICHHE WM HOpPMalM3alus, NpU HEOOXOAMMOCTH — C
3akankoil TBY Tpymmxcs moBepxHocTel (101 MaH)XeTaMH1 ) WU 3yObeB;

® MapKu MaTepuaia ¢ ykazaHueM CTaHAapTa.

Best uadopmanus o pazmepax, JOMycKax, MIEPOXOBATOCTH U JP. JOJDKHA OBITH IO
BO3MOXXHOCTH CTPYIIIUPOBAaHA B OJHOM MecTe. UepTeku TUMOBBIX JieTalield (3yOuaTbix U
YEPBSIUHBIX KOJIEC, YEPBSIKOB) JIOJKHBI BBIMOJHITHCA B COOTBETCTBUU C TPEOOBAHUSIMU
['OCT u conepxaTh TaOIUILy HEOOXOAMMBIX MAPAMETPOB JIJI1 UX HAPE3aAHUSL.

Bce naanucu Ha depTekax BBITIOTHSIOTCS YEPTEKHBIM MIPUPTOM B COOTBETCTBHH C
['OCT 2.304-81. Pabouuii uepTex AeTalid, Kak U COOPOYHBIA UEPTEX, JODKEH ObITh
cHaOxxeH ocHoBHOM Haamuchio o 'OCT 2.104-68 (§.1)

12. PABPABOTKA CBOPOYHOTI'O YEPTEXA IIPUBOJA

Ecnu penykrop (Bapuatop, KopoOka) pa3palaThIBaeTCs KaK H3EIIUE CEPUIUHOIrO
IPOU3BOACTBA (C MPUMEHEHUEM JIMThS, IWITAMIIOBKM M Jp.), TO pamy MpUBOAA
PEKOMEHIyeTCsl BBINOJIHATh KaK M3IEINE WHIWBUIYAIBHOIO MPOM3BOJACTBA, CBAPHOM W3
CTaHAAPTHBIX NMPOQuiIeH (IUBEIEPOB, YTOJIbHUKOB, IUIACTHH U . ).

Bpamaromuecs pgeranu  npuBoAa JOJDKHBI  OBITh  OIPAXKIEHBI  KOXKYXOM,
3aKpEIUICHHBIM Ha paMe, Il PEMEHHBIX Mepefady JOJDKHBI ObITh MPEAYyCMOTPEHBI
HATSDKHBIE YCTPOUCTBA.

Eciu B cxeme mnpuBoAa mnpeaycMOTpeHa My(ra, TO B KypCOBOM IIPOEKTE
HEOO0XO0MMO 1M000paTh COOTBETCTBYIOIIMNA TUIIOPAa3MEP U BBIMNOJIHUTH €€ MPOBEPOUHBIH
pacueT. Ecii HEeT 0coObIX yKa3aHUil HacueT Tura My(QThl, TO CIEIYEeT BoIOpaTh My(pTy 13
ceMeiicTBa yIpyrux, 3alllMIIalonMX 3y0yaTsle nepeaadn OT yJapoB U KOMIIEHCHUPYIOLIUX
HEKOTOpbIE€ MOTPEUIHOCTH MOHTaka. Hambonee mpuMeHMMBI JUIsl pelleHusl 3TUX 3aj]ad
MyhTel  ynpyrue BTyJouHo-maiblieBbie (MYBII), kotopele monbupatorcs 1O
nepe1aBaeMoOMy MOMEHTY, C YUETOM JUAMETPOB BAJIOB JIBUTATENS U PEAYKTOpA.

Eciu npuBoa ucCHBITBIBA€T MOpu padOTe€ 3HAUYMUTENbHBIE KPATKOBPEMEHHBIE
neperpy3ku, HeoOXOJMMO MPUMEHEHUE MPENOXPAHUTENbHBIX MY(PT (YTO AOKHO OBITH
OTPaXKEHO B 3aJ]aHUN ).

PacueTHbIil MOMEHT NPEAOXPAHUTEILHON MY(PThI ONIpeIenseTcs

T, =k Ty,
rae Ty- HOMMHAJIBHBIM MOMEHT Ha Bally;
K — pacueTHsIif KO3QPUIHEHT neperpy3ku (00BIYHO MPUHUMAETCS 1,3).

[Ipu mneperpy3kax, HMEIOUIMX PEIKUMA, CIydalHbIA Xapakrep, 3(PGHEKTUBHBI
PEeIOXPAHUTENbHBIE MY(PThl C Pa3pyLIAIOMMMCA JIEMEHTOM, OTJIMYAIOLIUECs BBICOKOU
TOYHOCTBIO cpabaTbiBanud. [Ipu yacThix meperpyskax ciieayeT IpuMeHSITh PPUKIIMOHHbBIE
U KyJauKOBbIE MPEIOXPaHUTENbHBIE MY(PTHI ((TPEIIOTKNY, AJI1 TUXOXOIHBIX BAJIOB MPH N
<200mun?).

COopouHbIii yepTex MNpuBOAa 00A3aTENBHO [OJDKEH COAEpPXKAaThb TEXHUUYECKYIO
XapaKTepUCTUKY, TEXHUYECKHE TpeOoBaHMs, TaOapUTHbIE, MPUCOCIUHUTEIbHBIE U
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YCTAHOBOYHBIE pa3Mmephl (MOCIEeNHME Jydllle JaTh B BHAE OTACIbHON CXEMbI
PaCIOJIOKEHUST KPENEKHBIX OTBEPCTHIA).

13. PASPABOTKA CIIEIIU®UKAIIAN K CGOPOYHBIMYEPTEXKAM

Crneundukanusi sBISIETCS OCHOBHBIM KOHCTPYKTOPCKMM JOKYMEHTOM  Y3IIa,
omnpenensieT cocraB coopouHoi eauHuipl. OHa BbInonHsieTcs B cooTBeTcTBUU ¢ ['OCT
2.108-68 na mucrtax gopmara A4 ¢ oCHOBHBIMH HaamucsMu 1o ¢opme 2(1 mucr) u 2a
(mocnenyromue JIUCTHI).

Crneundukanus Kak peayKTopa, TaKk W MPUBOJA COCTOUT OOBIYHO U3 YEThIPEX
pasnenoB: «JlokymeHtamusy, «COopounble emuHHIB), «Jletamn», «CraHmapTHbIC
w3nenus». Kaxaslii pasgen B rpade «HammeHoBaHue» MOTUEPKUBAIOT, OTACIUB OT
JOPYTUX HAJIIMCEW CBEPXY U CHU3Y 1-2 CTpOUKaMH.

B paznen «/lokyMeHTaIus» BKIIOYAIOTCS TEKCTOBBIE TOKYMEHTBI, HEOOXOAUMBIE TSt
cOOpKM W J0pabOTKH COOpOYHOM eAuHUIbl, a HUMEHHO «COOpOYHBIM YepTex» U
«PacyeTHO-TIOSICHUTEIbHAS 3aITUCKaY.

B pasnen «COopouHble €AUMHUIBD) BKIIOYAIOTCS M3JEIUS, JOCTABISIEMbIE K MECTY
cOOpKHM yk€ B COOpaHHOM BHUJE (HampuMmep, KOJECO YepBSUYHOE — B clenu(uKanuu
peayKTOpa WK PEAYKTOp WM paMa — B crielu(UKAIMU IPUBOJIA).

3anuch Aetaned MPOU3BOAMUTCS B MPOU3BOJIBHOW MOCIENOBATEIBHOCTH (IIPU ITOM
PEKOMEHJIyeTCsl HauWHAaThb C OCHOBHBIX). HamMeHoBaHus jeTaneil JOJKHBI OBIThH
KpaTkumu, u3 1-2 cios, Hanpumep «Komneco 3ybuaroe», «Bam — mecrepus», «Kpbiiika
noamunuukay, «lIpokiagka», mnpudeM TMEepBbIM B HAUMEHOBAHMM SIBJISICTCS UMS
CyILleCTBUTENIbHOE. B KOHIIEe pa3aena peKOMeHyeTcsl OCTaBIATh CBOOOIHBIMU 3-5 CTPOK,
3ape3epBUPOBAB CBOOOAHbBIE TO3ULIUU.

B pazpene «CranpapTHble W3AENWS» 3aNKMCHIBAIOT W3JEIUS, NPUMEHEHHBIE B
cootBerctBuM ¢ rocyaapctBeHHbiMH (I'OCT, CT C3B) u orpacneBeivu (OCT)
CTaHJapTaMU. 3alucCh MPOUZBOAUTCS B COOTBETCTBUU C TPEOOBAHUSAMHM CTaHIapTOB
(mpuMepsl — B TEKCTE CTAHIAPTOB), B OMPEICIICHHOM MOPSJIKe, IO rpynnam uzgenuil. [Tpu
KYpPCOBOM IMPOEKTUPOBAHUU pa3peIIacTCs BCE 3aMUChiBaTh B ajiaBUTHOM TMOpPSJKE, a B
npenenax KakJI0ro HaMMEHOBAHUS — B TMOPSIKE BO3pacTaHUs HOMEPOB CTaHIApPTOB, B
mpenenax KakIoro CTaHaapTa — B TOPAJIKE BO3pACTaHUS MMAapaMETPOB H3AEIUN (CM.
npuioxenue 17).

CranpmapTHeie wu3Jenus HE UMEIOT oOo3Hauenust (T.e. rpada »dTa ocraercs
cBoOonHOi). He Tpebyercs 3amomnenue rpad «3oHa» u «DopMar» g BCEX Pa3eiioB
crienupuKaIum.

14. OPOPMUIEHUE PACUETHO-TIOSACHUTEJBHOM 3ANIMCKHU

[TosicnuTenbHas 3anucka A0JKHA BKJIKOYATh:
® YTOYHEHUE 3aJaHUs;
e BBIOOp JABUTATEINS U KHHEMATHYECKUN pacueT MPUBOJIA;
® pacuyeThl Nepeaay;
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OPUEHTHUPOBOYHBII pacyeT BajoB;
KOMITOHOBOUYHYIO CXEMY PEIYKTOPA;
CXEeMy CHJI B Iiepe/ladax U peakluii onop;
YTOYHEHHBIN pacueT BAJIOB;
noao6op (pacyer) MOAIIUITHUKOB, IIIMTOHOK, MY(]T;
onucaHre COOPKU U MOCIEAYIOUUX PETYIUPOBOK, MPABUI IKCIUTyaTallud MPUBOJA
(17151 YepBSYHBIX PETYKTOPOB — TEIIOBOM PACUET);
BBIOOp copTa Macia (cM. mpuiioxeHue 16).
® CIIMCOK JIUTEPATYPHI.

ConeprxkaHue pacyeTHO-TIOSICHUTEILHOM 3alUCKU PEKOMEHAYETCS IeTTUTh Ha pa3Jesibl
U TOJpa3feibl (JereHre Ha 00see MEJIKUE COCTABHBIC DJIIEMEHThI — IIYHKTHI U MOITYHKTHI
— HE00s3aTeNbHO).

Kaxnpiii pasgen OoMKeH MUMETh MOPSAKOBBIM HOMeEp, 0003HayaeMbld apaOCKUMU
nrdpamu, KpaTKkoe Ha3BaHUE, BHITIOJIHEHHOE 00J1ee KPYITHBIM HIPUGTOM.

Hanpumep:
3. PACUET HWJIMHJPMYECKOM 3YBUYATOM ITEPEJIAUN
3.1. Beibop maTepuanoB, TepMO0OpabOTKH, TOMYCKAEMbIX HANPSHKEHUN

3aroJIoBKM HE cleAyeT noauYepkuBaTh. IlepeHOChl CJIOB B 3arojioBKax He
JOIYCKAKTCs, TOYKa B KOHILIE 3aroJIOBKa HE CTaBUTCSA. 3aroJOBKM OT TEKCTOB JIOJDKHBI
OBITH OT/IETICHBI 2 UHTEPBAIAMH.

KypcoBoii mpoexkr mno pgeramsiM MallUH SBISETCA MO CYIIECTBY IE€PBOU
KOHCTPYKTOPCKOM pa3paOOTKO CTyAeHTa, IAe Bce pa3padaThiBacéMble JOKYMEHTHI
JOJKHBI HMETh CBOM 0003HAYEHMUSI.

O6o3HaueHus pabouell KOHCTPYKTOPCKOM HOKYMEHTaluu (T. €. JJIsl TPUMEHEHUS UX
Ha CTaJuu CEPUIHOrO M MacCOBOTO MPOM3BOACTBA) MPOU3BOJAATCS B COOTBETCTBUU C
knaccupukatopom ECKJI. Ha cragum scku3HOro mpoekra (T. €. B y4eOHBIX MPOEKTax)
0003HaUE€HUE KOHCTPYKTOPCKUX JTOKYMEHTOB JOIYCKAETCSI BBIMOJIHATH MO YIMPOILIEHHON
cxeme. Hanpumep, cOopounsIii ueptex npuBoaa oboznavaercs M 23.12.4.00.00 Cb,

rae AM — o3HayaeT KypCOBOM MPOEKT MO AUCHUIUIMHE «/[eTann mamuny;

23 — ro BeIMoOJIHEHUS npoekTa (2023);

12 — Homep 3agaHus;

4 — HOMEep BapHaHTa,;

4 nyns (MO3UIMK) 3ape3ePBUPOBAHBI B 0003HAYCHHH JJIsl YKa3aHUS HOMEPOB Yy3JI0B
(mo3unust 1), momy3noB (mo3uuus 2) W HOMEpOB jAetaneil (mosuuun 3 u 4).
CrnenoBatenbHo, o6o3Hauenue JM 23.12.4.10.08 o3nauaer — 8-1 neranp l-ro ys3na
npuBoaa (penykropa), a IM 23.12.4.00.00 II3 — noscHuTeNbHAS 3aTUCKA TPOEKTA.

TuTyNbHBIN JIUCT paCUETHO—TIOSICHUTEIHHOM 3aMMMCKU KypcoBoro nmpoekTa (ganee I113)
BBITIOJIHAETCS COTJIACHO MpuiiokeHuto 1. Bropeim nuctom 113 siBnsieTcs MHAMBUIYATbHOE
3a7aHue, O(OPMIICHHOE COOTBETCTBYIOIIUM 00pa3oM (MpUIoKeHUue 2), TMOCIe Yero
nomertaercs Juct «CoaepxaHuey» ¢ ykazaHueM Beex paszzaenoB [13 u HoMepoB cTpaHuil.
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Bce aucter 113 gomkHBI HIMETh paMKy U OCHOBHYIO Haamuch (Gopmbl 2 (lauct) u 2a
(I'OCT 2.104-68), rne nomemiaercss 0003HaYeHUE JOKYMEHTA U HOMEP JIUCTA.
JIOTIOTHUTENBHO CYUTaeM HEOOXOIUMBIM BBIACIIUTH 0CO00 CIIETYIONINE MOMEHTHI:
® BCE pacyeTbl, CBS3aHHbIC C JCHCTBHEM CHJ, MOMEHTOB, OO0S3aTEIbHO JOJKHBI
COMPOBOXK/IATbCSI PACUETHHIMU CXEMaMU C OO0OO3HAaYEHMEM Ha HHUX pPacyeTHBIX
BCIINYWH;
® TOYHOCTbH BBIYMCIICHHH MPU MPOYHOCTHBIX, YHEPTETUICCKUX U APYTHX HHKEHEPHBIX
pacderax Ao/bKHA OBITh 10 3-X 3Hadammx IUdp (C OKPYIJIGHHEM IOCICIHEH
1U(PHI), UCKITIOYAsT PACYETHI TI0 OMPECICHHIO TEOMETPUUSCKUX pa3MEPOB AeTalleh
(B 4aCTHOCTH — IMAMETPOB 3y0UaTHIX M YEPBAYHBIX KoJjiec). B mocneanem ciydae
TOYHOCTh BBIYMCIECHUN JODKHA OBITh CONOCTaBMMA C TOYHOCTHIO CTAHKOB H
HU3MEPUTEIbHBIX HHCTPYMEHTORB (710 0,01 MMm);
® B CBS3U C UMEIONIMMUCS PA3HOIIACHSIMHU B 0003HAUCHUHM (PU3NYECKUX BEIUYMUH B
Pa3HBIX JTUTEPATYPHBIX UICTOUHUKAX PEKOMEHIYIOTCSI CUMBOJIBI:
T — nnst 0603HaYEHHUSI Bpalllalolero MOMEHTA,
M — MOMEHTA CHIIbI,
A — nomaan ceueHusl,
F — cuiibl (ipu 3TOM F4 — 0ceBoid,
Fr — panuanbHO,
Fn — HOpManbHOI,
F: — TaHreHIIMaIBHOM, KacaTeIbHOMN);

° OCHOBHBIMHU €IMHHUIIAMH (DU3UYECKUX BEIMYMUH IPH MPOYHOCTHBIX pacdeTax
PEKOMEHTYIOTCS:
H — cunbl,

HMM — MmoMeHTa cHiThI,

MM — pa3MEPOB CEUEHUS,

MIla (H/MM?) — HanpsikeHus.

B pacuerax nmpomeXyTOYHbIE BBIUMCICHUS HE MPUBOMAT, T.€. CHayalla 3alMChIBAIOT
dbopmyny B OyKBEHHOM OOO3Hau€HHMH, C OOBACHEHMEM BXOISAIIMX BEJIWYUH, 3aTEM
POU3BOMASAT MOJICTAHOBKY YHMCJIOBBIX JAHHBIX M NPEJICTABISAIOT KOHEUYHBIA pe3yjbTaT C
00s13aTeNbHBIM YKa3aHUEM Pa3MEPHOCTH.

B 1II3 oOs3arenbHbl CCBUIKM Ha JIMTEPATypHbIe HCTOYHUKM IpH  BbIOOpE
XapaKTEPUCTHK MaTepHaIOB, KOAGGUIIMEHTOB, (OPMYJ OPUTHHAIBHOTO XapakTepa U T.J1.
Hanpumep: «KoadduimeHt mupuasl 3yObeB NMpuHUMaeM y,=0,25 [6, €.216]», roe 6 —
HOMED JIMTEPATYPHOTO UCTOYHUKA COTJIACHO CIIMCKY JINTEPATYPHI.

[TosicHUTENBHYIO 3aMUCKY PEKOMEHAYeTCs 0(OPMUTH AKKYpaTHBIM MOYepKoM, Oe3
cokpaieHuit (3a uckimodeHueM pazpemieHHbix ['OCT-om), mactamMu 0OBIYHBIX IIBETOB (HE
PEKOMEHIIYIOTCS LIBeTa 3€JeHbld M KpacHbli). Jlomyckaercsa BwinonHenue 113
MalIMHOMHUCHBIM ~ ciocoboM  (I-plif  3K3eMIuisip), B  KOMIBIOTEPHOM  BapHUaHTe,
MpPeIBaPUTEIHLHO COIIACOBAB C PYKOBOAUTEIIEM.
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15. 9JIEMEHTBI UCCJUIEJJOBAHUSA U TBOPUYECTBA
ITPU KYPCOBOM ITPOEKTUPOBAHUU

Kpome 3aganuil Ha IPOEKTUPOBAHUE, IPUBEICHHBIX HUKE, BO3MOYKHO BBIITOJIHECHHE
CTyJ[ICHTaMH HWHIUBUIYAJIBHBIX 3aJaHAW, COJEP)KAIMUX JJIEMEHThl HCCIEIOBaHUM,
TBOPYECTBA, pEAIbHOIO NpPOEKTHpoBaHMA. Haumbonee mNepCHEKTUBHBI MPU  3TOM
CJIEAYIOLME HAIIPABJICHU:

A. Pemenune 3agau ontumu3zanuu. Haubonbiee pacnpocTpaHeHUE U MPAKTUIECKHIA
WHTEpPEC NPEACTABIAIOT 3aJaHUs, B KOTOPBIX B KAa4€CTBE MCCIEAOBAHUS BBITOJIHSAIOTCS
CpaBHEHUsI MaccO-rabapuTHBIX MMOKa3aTelel nepeiady u MpUBOAA B LEJIOM MPU Pa3IMYHBIX
KOHCTPYKTUBHBIX PEHIEHUSX U BapHaHTAaX U3rOTOBICHUs. Cpeld HUX pEKOMEHAYIOTCS s
MCCJIEI0BAHMS BIMSIHUE HA MAacCy U rabapuThl peayKTopa U IpUBOIA:

o TBEPJIOCTH MIOBEPXHOCTH 3yObEB;

o IIMPUHBI 3yObEB;

o YacTOTHI BpAIllCHUsI JIBUTATEJIS;

o pa3OoMBKH OOIIEro MepelaTOYHOTO YUcia IPUBO/a.

Pelenue Bcex ykazaHHbBIX 337a4 TpeOyeT NpUMeHeHus 11l pacyeToB DBM.

b. IIpumenenue »snementoB CAIIP npu KypcoBOM NpPOEKTUPOBAHUU. ITO
HaIIpaBJICHUE TAKXKE BKIIIOYAET IOUCK ONTUMAJIBHOTO PELICHMS C BbIayel pe3yJIbTaTOB B
rpauyecKkoM BHJI€ HA HKpaHe JUCIUIES] UM C TIOMOIIbIO TpadoroCcTpouTes Ha Oymare.
[TpoexTupoBaHue BeAETCsI OOBIYHO B JUATIOTOBOM PEXHUME «4esoBeK — DBM».

KoHKpeTHbIE pUMeEpBI ONITUMUA3AUOHHOIO IPOEKTUPOBaHU Ha KomIiuiekce APM-
M npusenensi B [12].

B. PeansHoe (ckBO3HOE) mpoekTrpoBaHue. Hambosiee moaroToBlI€HHBIE CTYACHTHI
MOTYT OBITH MPHUBJEYEHbI K PEUICHUIO 33/1a4 PEAJbHOIO MPOEKTUPOBAHUS MO TEMATHKE
HUP, CKb, no 3aka3zam xo3sa1cTB. [Ipy 3TOM KypCOBOE MPOEKTUPOBAHUE MOKET SBIIATHCS
COCTaBHOW 4YacTbKO IPOEKTOB MO  CIEHUAJIbHBIM  JUCHUIUIMHAM, JUIUIOMHOTO
IIPOEKTUPOBAHMSL.

16. SALIMTA ITPOEKTOB

K 3ammre nomyckarOTCSd MNPOEKTHl IPU HAIMYUM IOANKUCU PYKOBOJIUTENS Ha
TUTYJILHOM JIMCTE, UMEIOIITUECS 3aMEUaHHUs JI0 3aIUTHI JOJIKHBI OBITh YCTPAHEHBI.

[IpoekTsl 3amMIIAOTCA TEepel KOMUCCHEN W3 ABYX IMpernojaBareieil. 3ammra
COCTOUT U3 KPATKOTO JIOKJIa/a (10 5 MUHYT) U OTBETOB Ha BOMIPOCHI YJICHOB KOMHUCCHH.
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17. 3AJAHUA HA ITPOEKTUPOBAHUE

Sanamme Ne 1 |

[IpuBOox K LIETHOMY KOHBEHEPY

-r‘E?I "J'?',_;
—— | ——— [ ———

L4 X |

1. DnekTpoaBUrarTelb
2. KnuHopemeHHas nepenada

F
/vj: 3. KopoOka mepenau
¥s

[ » x|
i
X

|
Ncxonnbie Bapuanmu

JTAHHBIE 1 2 3 4 5 6

P3, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3 max, MAH 250 220 200 180 175 150
N3 min, MAH 140 120 100 80 75 60

3ananme N2 |

IIpuBO K BHEIIHEMY KOPMOPA3AaTYUKy

Z

1. DnektpoaBurarenb

2. KnunopemenHas nepemada

—

3. Kopobxka nepenau

&
"‘:n“?'i\

- 3¢ X—-
— ——
HUcxonHble Bapuanmui
JTaHHBIE 1 2 3 4 5 6
P3, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3 max, MAH 160 125 100 80 63 50
N3 min, MAH 80 63 50 40 30 25
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3amaaneNe 3 ‘ ITprBOJ K BUHTOBOMY TOJIKATEIIIO

zZ 2 2
—-\ m 1. DeKkTpoaABUraTeb
] 2. Mydra ynpyras
10l Iy L ygra ynpy
& ;t_[ 3. KopoOka
i ; _ DOy A peBepcupyroImas
T 7| X 73
L
Hcxonnbie Bapuanmui
JTaHHBIE 1 2 3 4 5 6
Ps;, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3 max, MEH 250 200 150 120 100 80
N3 min, MAH 125 100 75 60 50 40
Sananne Ne 4 | [TpuBoa K KOpMOpa3IaTIYUKY
/ .
L)'(J—q - 1. DnekTpoaBUrareib
3 2. Knunopemennas nepenaua
3 i , =,,3/- 3. PenyxTop depBsuHBIi ¢ OOKOBBIM
x } J — _ 1 YEPBIIKOM
] |
Hcxonnbie Bapuanmur
JTaHHBIE 1 2 3 4 5 6
Ps, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3, MUH 30 25 20 15 10 8
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3amanue Ne 5

[IpuBoA K JIEGHTOYHOMY TPAHCIIOPTEPY

|

[ %]

| -

1. DnekrpoaBuraresns

2. Mydra ynpyras

]
_ 3. PenyxTop
A T HUJIUHAPUYECKUAN
L COOCHBIN JBYXIIOTOYHBIN
Ucxonnsie Bapuanmui
JAHHBIE 1 2 3 4 5 6
Ps, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3, muat 120 100 80 60 50 40
3aganue Ne 6 \ [IpruBOJ K KOHBEWEPY- KOPMOPA3AATUYUKY
< Z 4 7 1. Dnekrpoasuraresnp
i 2. Mydra ynpyras
A | 7
i 3. Penykrop
X = 4. OtkpsiTas 3yOuaTas
it ‘ nepeagaya
: —1
p— X I
T
i
Ucxonnbie Bapuanmut
JTAHHEBIE 1 2 3 4 5 6
Ps, kBt 1,0 1,5 3,5 2,0 2,5 4,0
N3, MUH 40 25 45 12 20 30
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3amanueNe 7

[IpuBOA K JICHTOYHOMY TPAaHCIIOPTEPY

Y

1. DnexrpoaBuraTesib

2 I.’l‘ 2. Knunopemennas
—3_\ nepeaayda
(HaTsDKEHKE BECOM JIBHTaTEIs)
7 3.Penykrop
hil
/X P LI
4|
HUcxonnbie Bapuanmeot
JTAaHHBIE 1 2 3 4 5 6
Ps3, kBT 1,5 50 2,0 4,0 1,0 3,0
N3, MUH' 150 250 80 200 100 120
3amanueNe 8 | [TpuBO K KOBIIOBOMY 3JIEBATOPY
y J
AR | ;_Z—_; 1. DuekTpoaBUraTENh
[ it | ']_I ~ 2. KimHOpeMeHHas
Lt nepenaya
T Y p
5 3. Penykrop
1]
RNV |
i| - I
A | .
= =S
Hcxonublie Bapuanmui
JTAHHEIE 1 2 3 4 5 6
P4, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N4, MUH ! 60 50 40 30 20 15
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3amaaneNe 9

HpI/IBOI[ K ITHCKOBOMY CMCCHUTCIIIO KOPMOB

7 2 J %
\ N T
|\ : 1.OnexrpoaBuraresns
X I3 _l % 2.KnmmHopeMeHHas
L] T 75 nepejaya
i 1 3.Penykrop
I TJTAaHETAPHBIN
I x 'I I
v I//////////'/
HUcxonnbie Bapuanmeut
JTaHHBIE 1 2 3 4 5 6
Ps, kBT 1,0 1,5 2,5 40 | 6,3 6,3
N3, MuH"! 150 120 90 70 60 40

3anamneNe 10 |

HpI/IBOII K INIAaCTUHYAaTOMY KOHBeﬁepy

X
' —i
H 1. Dnekrpoasuraresnb
L o[ 2. KnuaopemeHnHas repeaada
J 1 A 3. Pexykrop uepBSYHBIIA
=X v o
| 5 (BEpXHUIA YEPBSIK)
L
‘7 = 3’7
Hcxonnbie Bapuanmul
JTAHHBIE 1 2 3 4 5 6
P3;, kBT 1,0 1,5 2,5 4,0 6,3 6,3
N3, MuH"* 40 31,5 25 20 16 12,5
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3amanueNe 11

[IpuBOA K MIIACTUHYATOMY TPaHCHIOPTEPY

2l
v o 1. Dnexkrpoasurarens
I — 2. Mydra ynpasisemas
<X ] X KyJIadyKoBast
[~ ¥
.I.—-—i* 3. Penyktop
é
Hcxonnbie Bapuanmeut
JTAHHEBIE 1 2 3 4 5 6
Ps, kBT 2,0 3,0 4,0 5,0 6,3 6,3
N3, MUH 160 125 100 80 60 40
3ananue No 12 ITpuBOJ K MIHEKY — J103aTOpaA
@’I 73
—i— 1.DnexTpoaBurarens
x| x |
F 2.Mydra ynpyras
U' F= % 3.KopoOka nepegau
xTx ]
i b
¥ 3 2
Ucxonnsie Bapuanmul
JTaHHEIE 1 2 3 4 5 6
P3, kKBt 1,0 1,6 2,5 4,0 6,3 6,3
N3 max, MUH 125 100 90 80 70 60
N3 min, MAH . 80 70 60 50 40 30




3amanune Ne 13

[IpuBoA K HIHEKY — J03aTOPY

1. DnekTpoaBuraresb

AT %
! — 2. Mydra
I:—EEX:_’, —X - 3. PeslyKTOp HMIIMHAPO-
YEPBAYHBIN
—{X =
HUcxonnbie Bapuanmul

JTaHHBIE 1 2 3 4 5 6

Ps, kBT 3,5 1,8 2,2 2,7 1,5 2,0

N3, MAH ! 20 13 10 25 17 7,5

3ananue No 14 \ [IpuBOJ K IGHTOUHOMY KOPMOpPa3AaTIYMKY
& 4 1. DnexTpoaBUraTeIb
7 2. Mydra ynpyras
f 3. Bapuarop
= I 4. llennasa nepegaya
Ucxonneie Bapuanmeor
JTaHHBIE 1 2 3 4 5 6
Ps3, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3 max, MUH 400 350 300 275 250 225
Jnanazon 2 2 2,5 2,5 3 3
pEryJMpOBaHUS
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3amanueNel 5

[IpuBOI K MEXaHU3MY ITIOBOPOTA KpaHa

1. DnexTpoaBUraTeIbh

J Z Ve
7 =il 2. Mydta ynpyras
i 3. Peaykrop uepBsa4HbIN
Al i JIBYXCTYIICHYATHIN
I /?5 - -
tiag
i
Hcxonnsie Bapuanmeut
JTAHHBIE 1 2 3 4 5 6
Ps, kBt 1,0 1,6 2,5 4.0 2 5
N3, MUH™ 20 15 20 15 10 15

3amganme Nel6

‘ [IpuBOJ K KOHBEWEPY - KOPMOPA3JATUYUKY

=

1. DnexTpoaBUraTeIb

- 2. PemenHas nepenaya ¢
I_L HATSKHBIM POJIMKOM
3. Penyktop
17 = ; !
Hcxomunie Bapuanmui
JTAHHEBIE 1 2 3 4 5 6
P4, kBT 1,0 1,6 2,5 4,0 2,0 3,0
Na, MUH ™ 40 30 25 20 15 10
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3amanue Nel7

[IpuBoA K JIGHTOYHOMY TPAHCHOPTEPY

IN\R

1. DnexTpoaBUraTeIh

2. Mydrta npegoxpaHuTesbHas co

CPC3HBIM 3JICMCHTOM

3.Penyktop
i LN —
L x i X |
|| }—
A%
HUcxonnbie Bapuanmu
JTAHHbBIC 1 2 3 4 5 6
Ps, kBT 8 6 9) 4 3 2
N3, MUH 20 25 40 50 60 80
3anganue Nel8 [IprBOI K JIEHTOYHOMY TPAHCIIOPTEPY
l ; 1. DnekTpoaBuraresnb
X
2. KnunopemeHHas nepenaya
:x-ﬁ [ \% 4. PenykTop
' X'I g
T Wl 5
4 L”4’
Ucxonneie Bapuanmeor

JTAaHHBIE 1 2 3 4 5 6

P4, kBt 2 2,5 0,8 1,0 1,5 1,2

N, MUH 75 60 50 40 30 20
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3amanue Nel9

[IpuBOA K JIGHTOYHOMY TPAHCIOPTEPY

1.2nexkTpoaBUraresb
3
2. My@ra npenoxpaHuTenbHas
KyJa4KoBast
7| 2y q
N 3.Penykrop
/X
Ur—l+
HUcxonnbie Bapuanmui
JTAaHHBIE 1 2 3 4 5 6
Ps, kBT 1,5 2,5 3 5 4 6
N3 mun’ 130 110 90 70 60 100

3aganue Ne20 \

[IpuBOJ K JICHTOUHOMY TPAHCIIOPTEPY

1. DnexrpoaBuraTenb
2. llennas nepenaya

3. PenykTop 11€BpOHHBIN

' \ ; BEPTUKAIBHBIN
- 3 W
4 I
Ucxonneie Bapuanmeor
JTaHHBIE 1 2 3 4 5 6
P3, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3, MUH 180 160 120 100 80 60
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3amanue Ne21

[IpuBOA K OJIBECHOMY TPAHCIIOPTEPY

F 2 - 1. DnexTpoaBUraTenb
\)q D 2. KnuHopeMeHHas nepeaava
3. PeaykTop (BepTUKAILHBIN)
it
K=
Hﬁw
Hcxonnbie Bapuanmeut
JTAaHHBIE 1 2 3 4 5 6
Ps, kBT 1,0 1,6 2,5 4,0 6,3 6,3
N3, Muat 200 160 120 100 80 60
3ananue Ne22 | [IprBOJI K KOBIIOBOMY 3JIEBATOPY
1. DnexTpoaBUraTeab
I 1): | >|< | 2. KnunopemeHHas nepenada
=) X = 3. Peaykrop
M S | .
4 | 7 q I)_[
2 o of 2
Ucxonnsie Bapuanmeur
JTaHHBIE 1 2 3 4 5 6
P, kBT 1 2 3 15 2,5 4
Ny, MUH 15 20 12 10 8 10
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[IpuBoA K NIHEKOBOMY TpaHCIOPTEPY

1. MoTop - peayKTOop € IIaHETApHOU
nepeavei

3amanue Ne23

1 s
al| 11—
|
FEEE R TR LE P
Hcxonnbie Bapuanmul
JAHHbIC 1 2 3 4 5 6
P,, kBT 1,3 1,7 2,0 2,5 3,0 4,0
Ny, muat 70 145 80 90 100 120
3aganue Ne24 ‘ [IprBOJI K KOBIIOBOMY 3JIEBATOPY
1. DnekTpoaBUTraTENbH
2. KnunopemeHnHas mepemaya
1 3. Pegykrop
— Ml
2 I /-
Al :
ﬂj- " { D
Hcxonnbie Bapuanmeut

JTaHHBIE 1 2 3 4 5 6

Ps, kBT 1,0 1,5 2,5 4,0 2,0 3,0
N3, Muat 80 75 70 65 50 40
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3amanue Ne25

[IpuBOoa K KOHBEWEPY

3173
—
| >I< X | 1. DneKTpoABUTATEIb
L xW[AZ7 X 2. My(ra npenoxpaHuTesbHas CO
S % | CPE3HBIM JIEMEHTOM
i-.' :li :|: \i 3. PCI[YKTOp
L2
M
Ucxonnbie Bapuanmul
JTAHHBIE 1 2 3 4 5 6
Ps, kBT 1,6 2,5 4,0 5,0 6,3 8,0
N3, muat 25 40 60 80 100 160
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Hpuiroxenus
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3aoanue 24
Lg
A |
Al
AT A

1.3nexTpoaBUraTenh

—

Ilpunoscenue 1

A

i

2.KnnHopeMeHHas nepenadya

3.PenykTop

HUcxonubie faHHBIE:
MomntHocTts P3, kBT
YacToTa BpallleHUs BBIXOJHOTO Baja N3, MUH 40

Lz

CHpOCKTHpOBaTB IIPUBOA K KOBIIOBOMY 3JICBATOPY

3,0

IIpencTaBUTh MOACHUTEIBHYIO 3aIIUCKY C MTOJHBIM
pacuyeToM MPUBOJIA U YEPTEXKHU:

1.COopouHOro uepTexa peaykropa

2.YepTexu nerajeii: BBIXOAHOTO Basia, BEIOMOTO KOJieca

PykoBoautenn (I'puropbeB A.O.)
CryneHt (MBanor A.B.)
JIM 23.24.4.00.00 113
Uam. | Jlucm Ne dokym. lNodnuckb I_,Hama
Pa3spab. Heanos A.B. P 6 0 JTlum. Jlucm Jlucmos
lMposep. I'puropses A.O a3p aoomkda np ueooa | |
DI'BOY BO UT'AY

Ymeepo.
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Ilpunoscenue 2

Pacyer npusBoaa

Cxema npuBoaa: 1 — qurarens; 2 — KIMHOPEMEHHAS NIEpeaayda; 3 — peayKTop
HWIMHAPUYECKUN JBYXCTYIIEHYATHIN; 4 — 3B€37104Ka; S5 — LIEb TATOBas

I/ICXOI[HBIG JaHHBIC:

BBIX0HAas YaCTOTA BPALICHHS, MHH * 37,5

BrixogHass MOIITHOCTE, KBT 1,6
JOTTyCKaeMO€ OTKJIOHEHHE YaCTOTHI BpaIlleHUS +5%

CPOK ciIy>kObI ipuBOAa L, uac 20000

paboTa rpuBoaa 0e3 peBepCcUpOBaHus, y1apoB
Pacuernpusoaa

[ToTpeOHas MOITHOCTb 3MEKTPOIBUTATENS
P
P — 36 ,

nomp ~

7706144
e n,, =n:-n7 -, —obmuii KIIJ] npusoxa,
n, =

0,97 — KIIJI unnuaIpudeckoi 3y0uaTon nepeaadn,

Th=0,99 — KI1]] napbl MOAIIUITHUKOB KaueHUs,

7, = 0,96 — KI1JI KITMHOpEMEHHOM Mepeaaun.
Otcrona
Mo =0,977-0,99°-096=088, P, = 16 =1,82xBm.
0,88
Haubosee npuemiieMas 9acToTa BpanieHUsI JIBUTATEIIS
Momp =6 U peo * i pen?

rac
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Upeo — IEpPEeNaTOYHOE 4YHUCIO penykropa. llpm mnpenenpHbIX 3HAYEHHAX IS
IBYXCTYNEHUYATHIX IMIMHIAPUYECKUX PeAyKTOpoB 8...40 mpuHHMaEM Upep=20, ipe=4 —

IpUEMJIIEMOE TTEPEJATOYHOE OTHOLIEHUE JIJIs1 KIMHOPEMEHHBIX Mepeay.
[Ipu sTOoM

Ny = 37,0+ 20 - 4 =3000.mun -

[To BBIYHMCICHHBIM 3HAYEHUSAM Pomp U Nyomp BbIOMpaeTcs neurarens 4A80B2V3 c
a T
xapakrtepuctukamu P =2,2kBm,n, =2850uun", ' % =2,6. [2; c. 216].
min

O6HI€€ MepecaaToOYHOC OTHOMICHHUC IIPUBOJA COCTABIIACT

U = Mow _ 2850
““ n_, 375
[lepenaToyHoe YHCIO peayKTOpa BBHIOMpaeM H3 CTaHIAPTHOTO psiaa (Uy=20).
Torna
. u 7
ey = o0 = 76 = 3,80.
u,, 20
[lepenaTounbie yucia OTACTBHBIX CTYIIEHEH peyKTOpa BRIOMpPAaEM 10 HOMOTpaMMe.
u,, 20
Ipurnmaem U=5,5. Toraa U, = 2<% =" =364

u 55

[Tpu 5TOM 4acCTOTHI BpaIlleHHs BaJIOB MPUBOIA
n, 2850
n =n, =2850mun"; n,=—="—=750mun";
' e, 380
n, M 750—136}1414 n, _N, _136 —— =37,4mun"
u 55 u, 3,64
VYT0BBIE CKOPOCTH BAJIOB
o, = ﬂnl _ 2850 _ 298’3pa7’ o, = 721’12 150 _ 78’5pay’
30 30 ¢ 30 30 ¢
o, = 7zn3 7T - 136_14’2pa7; a)4:7ln4 :7[-37,4:3’91[761(7.
30 30 ¢ 30 30 ¢

MomHocTH Ha Bajax
P =P, =182Bm;, P,=P, -1, -1, =182-0,96-0,99=173«Bm;
Py =P,-n,-n,=173-097-099=1,66xBm; P, =P, =16xBm;

Bpamaromnme MoMeHTBI

P 103 P 108
B 18210 g, 2 P2 S o o
@, 298,3 @, 78,5
3 3
T3:£:—1,66 10 =117 Hu; T, :5:1’6 10 =409 Hwm.
@, 14,2 w, 391
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Ilpunoscenue 3
IIpumep pacyera K0c03y00il HWIMHAPUYIECKOH Nepeaadn

Hcxoonvie oannvie. T1=53,2Hm; T,=256,4Hm; U=5; n, =375,6mun™; a)1=39,3pa7;

C

n, = 75mun; w, = 7,817"% ;  cpok cimyxkObl mepemaun  L=20000 ygac; mpou3BOACTBO

MEJIKOCEPUUHOE
Br16op Matepuana, TepmooOpaboTka, JomycKaeMble HAPSKEHUS.
J1ist 3y0uaThIX KOJec MPUHUMAI0 MapKy ctanu 45, TepMooOpaboTka — yiIydlIeHHe,
tBepaocth HB 250...280 (263).
JI71s mecTepHU MPUHUMAK0 MaTepual ctaib 45, TepMooOpadoTKa — yaydllleHHe,
tBepaoctb HB 230...260 (245)
JlonyckaeMble HaNPsKEHUS

/IonycmleMble KOHmMAKMHbIE HANPANCEHUA
[ ] OH1limbKHL
O' =
H [SH]

Oy lim p - IPEET KOHTAKTHOM BBIHOCIIMBOCTH MPHU 0230BOM YHUCIIE IIUKJIOB
Oylimp = 2HB + 70;

- JUISl IECTEPHU: Oy 1im p=2%245+70=560 MIla [2;c. 34, 1.3.2]

- I KOJIECA: Oy jm p=27263+70=596 MlIla

Ky, = 1 - k03 dUIMEHT A0ITOBEYHOCTH
[Sy] = 1,1 - ko3 dunmenT Ge30macHOCTH

560-1
Jlns mectepHu: [0y, |= 1 - 509 MIla

596-1
Jlnskoneca: [o,]= — - 5418 Mla

— JJId TPIXOXOI[HOﬁ CTYIICHHU

Jlommyckaembie KOHTAKTHBIC HAIIPSIKEHUS 11 OBICTPOXOIHOM CTYIIECHHU.

[JH] = 0145([0-1-11] + [O-HZ])
[o-H] =0,45(541,8+509) =472,8 Mlla

ZIO”_VCK(I&MO@ Hanpsodicenue uzcuba:

o1:

or°lim b
[or] = T [Sr]- KoaddunmeHT 6e30macHOCTH
F

[Se] = [Se]'[Se]” = 1.75 %1 = 1.75 [2, 1. 3,9, c. 45]
= 1,8HB

[e]
OF Yimb

473
- U1 ITECTepHU: o2, =1,8-263=473 Mla, [0¢], =175 210 Mlla

441
-1 KOneca: o2y, =1,8-245=441 Mlla, |[o¢], = [7c =252 Mlla

Onpenenenue napaMeTpoB TUXOXOIHOM CTyIIEHU
Meowcocesoe paccmosinue:
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T, -K
8, =K, - (U+l) o —F—"—
[O-H] U™ Wha

K, = 49,5 - BcmomorareabHbIi KO3(PPUITUEHT I MPSAMO3YOBIX TIepe1ad

[0, ]=472,8 MIla — NOIIyCKaeMOE KOHTAKTHOE HANPSDKEHUE KOJIECA C MEHEE
IPOYHBIM 3yOOM;

¥, =0,25 - KO3 (PUITMEHT MIUPUHBI BEHIIa KOJIeca;

Ky p - k03 puurenT HepaBHOMEPHOCTH HATPY3KH 110 JJIHHE 3y0a;
Ky, =11

256,4-10%-1,1
a, :43(5+1)§/472’82 005 ~ 1513w
brmxkaiimee 3HaueHue mexoceBoro paccrosiaus no CT CO9B229-75  a,,=160 mm
[2, c. 36]
HopmanbHbIi MOJTyIb 3aLIE€TUICHUSA
m=(0.01...0.02)a,,=(0,01...0,02)160=1,6...3,2 Mmm
[Mpuaumaro mo FOCT 9563-60"m,,=2 MM
[IpeaBapuTebHO IPUHUMALO YToJ HaKkjIoHa 3y0beB B=10° u onpenensto 4ucio
3yObeB IIECTEPHU U KOJeca:

, 23,058 _ 2-160-c0s10°

CyMMapHO€ YHCJIO 3yObeB Zy - 5 =157,5 mm
z, 158
Z, = =——=26 (4JIs1 IEeCTCPHU
" U+l 5+1 (n i)

z,=12,—2,=158-26=132 (1715 KOJeca)
YTouHeHHOE 3HaUYCHHE yTila HaKJIoHA 3yObeB [3:
(z,+z,)m, _ (26+132)-2 _0,9875
2a, 2-160

arccos0,9875 = 9°04
[IpuHuMaro yroa HakjgoHa 3yObeB [ = 9°04'!
OcHOBHBIC pa3MepHI MECTEPHU U KoJeca:

- muaMeTphl aenutenbabie: di=mzi/cosp=2%26/0,9875=52,66 mm

do=mz,/cosp=2*132/0,9875=267,34 mm

IIpoBepka: a, = dy ;dZ _ 52,66 ;267’34 =160 mm

- IWaMeTPhl BEpIIUH 3yObeB: d, =d, +2m=52,66+2-2=56,66 mu
d,=d,+2m=267,34+2-2=271,34 um

- TMaMeTPhl BIAJAWH 3yObeB: d,, =d, —2,4m=52,66—2,4-2=47,86 mm
d,,=d,—2,4m=267,34—2,4.2=262,54 mum

- IIMPHUHA KoJIeca: b, =w,,-a, =0,25-160=40 mm

cospf =

- HIMPUHA MIECTEPHU: b, =b, +5=40+5=45 um
b 45
=—+=—"-=0,85
Yo =4, T 52,66
Oxpy>kHasi CKOPOCTb KOJIEC:
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,_7nd;, _314-3736-52,66
60 60-10°
CreneHb TOYHOCTH MEPEaAUN: I MPAMO3yObIX Kojiec pu v < 5 M/c cienyer
Ha3HAYUTH 8-10 cTerneHb TouHocTr o 'OCT1643-81
Kosddunment narpysku: K, =K, K, K,,
Ky =11 [7,T.3.1,c. 32]
K.,=11 [7,c.32]
Ky, =10 [7, 1. 3.6, c. 40]
K,=11111=121
KoHTaKkTHbBIEC HAPSIKEHUS:

TK. (U +1) 256,4-10°-1,21-(5+1)°
gy -0 U] 210 60 01D,
a, b,U 160 40.-5

o, < [GH] =472,8 Mlla
[IpoBepuM 3yObs Ha BBIHOCIMBOCTb 110 HAIPSDKEHUSIM U3ruoa:
FiKpYr
Of = <|o
r =L < o]
Ke =K, Ke, =1,20-1,1=1,32 [7,71.3,7, c. 43]
Yr — xoapdunment, yunteiBaromuii popmy 3y0a u 3aBUCAIINI OT YUCIIa 3yObEB:
- Ut mecTepHu: (mpu z=26) Y., =3,9

=103 m/c

- 17151 KOJIieca: (mpu z=132) Yr = 3,6
loa] _270 oo, [om]_252
Y., 309 Y., 36
[TpoBepky Ha U3THO TPOBOIUM JTSI IIECTEPHU:

o. - FK:Y: :1918.1,32.3,9 ~109,7 Mlla <[0F]: 270 MIla
bm 45.2

Cuibl, IEMCTBYIOIINE B 3AICTNICHUU:
2T, 2.256,4-10°
d, 267,34
Rtga  1918-tg20
cosf  €0s9°04’
- oceBast: Fy =Ry 19 =1918-t99°04' = 306,07 H

=70

- OKpy)KHas: F, = =1918 H

- paguanbHas: Fr = =706,9 H
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Ilpunoscenue 4
IIpuMep pacyera KOHUYECKON HMJIUHAPUYECKOU Mepeaadu

Hcxoonvie oannvie: T1=17,8Hm; T,=53,2Hm; u=3,15; n, =1183mun ;e 2123,81961%;
n, = 375,6Mmun; o, =39,3p"% . cpok ciayx0bl mnepemaun  L=20000 yac; npousBoicTBO

MEJIKOCEPUUHOE

Br160op Matepuana, TepmMmooOpaboTKa, JOIMyCcKaeMble HAMPSKEHUS.

- IS LIECTepHU: cTaib 45
TepMuYecKas 00paboTKa : yIydllleHue

tBeprocts HB 230

- I KoJieca: cTtanb 45
TepMHuueckast 00paboTKa: yIydlleHHe
tBeprocts HB 200

JlommycTuMbie KOHTaKTHBIE HampshkeHus (popmyna (3.9)[2]), OyayT:
o, limbx K,
[ ] =

[Sn]
[To Tabmuue 3.2 . 3[2] umeem TSt cTajei ¢ TBEPIOCThIO TOBEPXHOCTEH 3yOheB
menee HB 350:
oy limb=2xHB+70
o, limb =2x230+70=530 MIIa

(wecmepns)

o limb  =2x200+70=470 MIla

(koneco)
KHL - K03QdULKEHT AOJTOBEYHOCTH; IPH YUCIIE IIUKIIOB HArpy>KEeHUsI O0JIbIlIe
0a30BOro, 4YTO UMEET MECTO MPU JUIUTEIBHON IKCIUTyaTallMi peaykTopa npuHuMaeM Ky
= 1; xoapuient 6e30macHoCTH [S, =11

I[OHyCTI/IMBIe KOHTAKTHBIC HAIIPAKCHUA:

530x1
IS IIECTEPHU [0 Hl] = 1—1X =4381,818 MITa;

470x1
HHH KoJIeca |:GH2 i| = 1 1X = 427, 273 MHa.

JI71st mpsAAMO3yOBIX KOJIEC 3@ PACUETHOE HANPSHKEHUE IPUHUMAETCS MUHUMAJIBHOE
JOIYCTUMOE KOHTAKTHOE HANPSKEHHE IECTEPHH UITH KOJIECA.

Torma pacyeTHOE JOIYCKAEMOE KOHTAKTHOE HAMPSKEHHE OYIeT:

[0y |=[ow, |=427,273 MILa.

[MpunumaeM K03(pPUIMEHT CHMMETPUYHOCTH PACIIOIOKEHHUS KOJIEC OTHOCHTEILHO
omop o tabmuue 3.5 [7]: Ky = 1,35.

Koo puuueHT muprHbl BEHIA 10 MEXKOCEBOMY PACCTOSIHUIO IPUHUMAEM

(pexomenmanus mo 'OCT 12289-76):
Wore = 0,285

Tornma BHEIIHUI AETUTEIBLHBIN AUaMETP KoJieca BerarcisieM mo popmyie (3.29[8]):
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T, xK,,+U 53200%1,35%3,15
deZ = Kd X 2 2 Hp > :99 X \/427 2732)( 1_>0< 5)(0X285 2)(0 285 = 240;7MM,
[GH] X(1=0,5% W re) X Wipe ’ (1-0,5%0,285)#X0,

rae s npsaMo3yO0bix kojec Kyg =99, a nepenatounoe uncio Hamel nepegaun U =
3,15,

T(Kon.)

IIpunumaem o 'OCT 12289-76 6mmkaiiniee cranaaptHoe 3Hadenue d, = 250 M,
cM. ¢c1p.49[8].

[Ipumem umciio 3yObeB mecTepHH z, = 25.

= 53200 H x.m: - MOMEHT Ha KOJIECE.

Torna uncno 3yObeB Koseca:
z, =7,xU =25x3,15=78,75
[Tpuaumaem z; = 79. Torna:
u=2-"_315
z, 25
OTKIIOHEHHE OT 33JaHHOTO:
(315-3,16)x100 _ 0.3%
3,15
yto pomnyckaercss ['OCT 12289-76 (1o cranapTy OTKIOHEHUE HE JOJIKHO
npeBbImaTh 3%)
BHemHu okpyXHOU MOIYJIb:
d
m, =i=@=3,16 MM
z, 79

B xonnueckux xoJjiecax He 0053aTeILHO HMETh CTaHAApPTHOC 3HAYCHHUC M, . 910

CBS3aHO TEXHOJIOTHEN Hape3aHus 3yObeB KOHUYecKuX Kojec. [Ipumem: m, = 3,16 mMm.
VYTIu1bl JE€IUTENbHBIX KOHYCOB:
ctg(s,)=U=3,15;, 6=17,6°
5, =90° - 6,=90°-17,6°=724°.
BHemHee koHycHOE paccTosiHie Re u mmpuHa BeHna b:
R, =0,5xm, x4/z% +2,% =0,5x3,16x+/25? + 79? =130,9 mm;
b=, xR, =0,285x130,9 = 37,3 MM.

[Mpuaumaem: b = 37 mm.
BHemHuit qenuTenbHbli AMaMeTp IECTEPHU:
d, =m,xz, =316x25=79 MMm.

Cpennuil nenuTeNnbHbId JUaMeTp ECTEPHU U KoJieca:

(R —0,5xb) (130,9—0,5x37)

d, =m Be0xD), 546, 25 67,8 M.
TR 130,9 v
d, =m, Re=03xD), 346, (130’2(?’;”7) 79=214,3

[

Buenrnue quaMeTpshl eCTEpHU U KoJieca (1o BeplInHaM 3yObeB):
Ao, =d, +2xm, xc0os(5;) =79+2x3,16xcos(17,6°) =85 MM;
daez = dez +2xm, xc0s(5,) =250+ 2x 3,16 xc0s(72,4°) = 251,9 MM,
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Cpennuil OKpyKHOM MOJYJIb:
m:i=@=2,7IZMM,
z, 25

KoadduimeHT muprHsbl MeCTepHU 10 CPpeHEMY JUAMETPY:
Cpennsis OKpy>XHas CKOPOCTb KOJIEC:
Deemy ¥ 01 123,8x67,8x10°°
=
JI71s1 KOHMYEeCKOoM mepeaadun Ha3HavyaeM 7-10 cTeneHb ToYHoCTH. KoaddurmeHnt
Harpy3KH paBEH:
Ky =Ky x Ky, xKy,

V =

=4,2m/c

Kosdppumuenr K, ,=1,21 Bpibupaem mno Ttabmuue 3.5[8], kosdpduuuent Ky,

=1,1, koadpurment K,,,=1,07 BeiOupaem no tadnuiie 3.6[8], Torxaa:
K, =1,21x1,1x1,07= 1,42

3.2 IIpoBepoyHblii pac4éT M0 KOHTAKTHBIM HANIPSKEHUAM
[TpoBepKy KOHTAKTHBIX HAINPSLKEHUE MPoBOAKUM 110 hopmysie 3.27[8]:

335 \/T@-o,,.) XKy xy(U° +1)
y _

7" TR -0,5xb bxU? )
335 532001, 42x (3,157 +1)
_ x i = 264,1 MIla
130,9-0,5%37 37x3,15

264,1<[o,,]=427,273Mlla
Cuibl EeUCTBYIONIME B 3allEIIJICHUU BBIYUCIUM 110 (popMyiam:
XToeemy  2x17700
d, 678
pamuanpHas: F =F, =F xtg(a)xcos(d,) =522x1tg(20°) xcos(17,6°) =181,1H; oceBas:
F, =F, = F xtg(a)xsin(3,) =522x1g(20°) xsin(17,6°) =57,4 H.

2
OKpyXHas: F, = =522 H;

3.3 IIpoBepka 3y0beB nepeaauu Ha U3rud

[TpoBepuM 3y0Obsi Ha BBIHOCIMBOCTh 11O HANIPSHKEHUSIM M3ruoa mo popmyie 3.31 [8]:
F xK_xY

o, = T XRe XTe o [0 ]
U xbxm

3nech K0dpduumenT Harpy3ku K. =K., x K, (cMm. cTp. 42[8]), B COOTBETCTBHU €

pexomenaarusaMu Ha ctp. S3[1]. 1o Tabnuie 3.7[8] BeiOupaem kodhduineHTt
pacnonoxenus konec K., = 1,62, no tabauue 3.8 [8] BriOupaem kosdurment K,

=1,35. Takum o6pazom, koapdunuent Keg = 1,62 x 1,35=2,18. v.=0.85 - onbITHBIH
KOA(D(PHUIMEHT, YIUTHIBAIOIINI MOHMKEHNE HATPY309HOM CIIOCOOHOCTH KOHUYECKOM
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IpsIMO3YyOOii Tiepeaduy 10 CPAaBHEHUIO C IMIIMHAPUYECKON. Y - KOIPPHUIHEHT,
yUUTBIBAIOUIHHA (hopMy 3y0a U 3aBUCSIINI OT SKBUBAJIEHTHOTO Yucia z, (CM. L. 3,

nosicieHust K popmyite 3.25[8]):

. 25

S S =26,2
y WIECTEPHU:  Z, cos(s,) cos(17,6°)

7 79
sz =—2 = = 2613

Y ROICCA % = 0s(5,)  cos(72,4°)

Y. =3,88
Tora: 1
oraa Y. =36

JlonmyckaeMble HaNpsDKSHUST HaxoauM 1o Gpopmyiie 3.24[8]:
[:]= S timp X K
[Se]

KrL - KO3 puIMEeHT AOATOBEYHOCTH; IPH YUCIIE [IUKIIOB HATPYKEHUSI OOJIbIIIEe
0a30BOr0, UTO UMEET MECTO MPH JUTUTEIBHOM dKCIUTyaTalluu peayKTopa npuHuMaeMm Ke =
1.

Jnsa mecrepau: o, == 414 Mlla;

s xoneca:  o°,,, == 360 MlIla.

Koaddurment [S.] 6e3onmacHocTH HaxoauM 1o popmysie 3.24[8]:
[Sel = [Se]' X [Se]™

[Se] =L75[S, | =L[S¢ |=175x1=175

HOHYCKEICMI)IG HaIIPpsSKCHUA:

414x1
JUISL IIECTEPHU: [GH] =7 75

360x1
TS KoJleca: [GFZ } =7 7>5< = 205,714 MIla;

[oc]

Haxonum oTtHoOmIeHust ~——= .
F

[or | 236,571
Y. 388

=236,571 MTIla;

JUISA IIECTEPHU: =60,97

[or, ] 205,714
F :
JlanpHenuii pacuet 0y1eM BECTH JIJIsl IECTEPHU, JJIsl KOTOPOW HalIEHHOE
oTHomeHne MeHbIe. [IpoBepsieM MpoYHOCTH 3y0a 1ectepuu o dpopmysie 3.25[8]:
FoxKe xYe,

% = v xbxm S[GF J
o - 522x1,218x 3,6
R 0,85%x37x2,712
Y cnoBUe MPOYHOCTH BBIMIOJIHEHO.

U1 KOoJieca: =57,14

=43,8<[ 0. |=236,571 Mila
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Ilpunoscenue 5
IIpumep pacyera YepBAYHOU NepeIadn

Ucxoonvie oanmnvie. T1=9,7Hm; T,=420Hm; u=60; n, =2905mun"; a)l=3o4paa/ :

c

n, =48, 4mun™; w, =5pa% : cpok cmyxObl mepemaun  L=20000 gac; npousBoicTBO

MEJIKOCEPUITHOE.

Yuciio BUTKOB YepBsKA 7, IPUHUMAEM B 3aBUCUMOCTH OT TIEPEIaTOUYHOTO YHCIA:
npu U = 60 npuanmaem z, = 1 [2, ctp.36].

Yucno 3yObeB 4epBAYHOrO Kojleca: z, =z, xu,, =1x60=60 [2, cTp.36]

[IpranMmaem z, =60.

Bri6upaeM maTepuan yepBsika U BEHIIa YEPBSIYHOTO KOJIeca.
IpPUHUMAEM I YepBska cTaib 45 ¢ 3akankoil 11t TBepaocty He MeHee HRC 45 u
NOCJIETYIOIIUM IUTN()OBAHUEM.

Martepuan yepBIYHOTO KOJIECa BHIOMPAEM B 3aBUCUMOCTH OT CKOPOCTHU CKOJIbKEHUS
B 3aLICIIJICHUHN:

V, =4,5x10 xn, x 3T, =4,5x10* x2905x 3/420 =9,8 ~10 w/c

BeiOupaeM maTepuan BeHna u3 oaoBaHUCTON OpoH3sl bpO10dD1 cnocob oTnuBKY B
KOKWJIb [2, c1p.33]:

o; =160 MIla o, =240 Mlla

[640]=(0,85...0,90)5, =0,87-240 = 208,8 MIla

[04]=[0w0]-Cy K, =208,8-0,8-0,8=133,6 Mila

C, =0,8

10 10’
K =8/—— =38 = 018
VN \/5,8-107

N =L-60-n, =20000-60-48,4 =5,8-10’
L =20000 u
[O-F ] =Kg [O-FO]
[6]= 0,250 +0,080, =0,25x160+0,08x 240 = 59,2 MITa
6 6
ng&# 10° o 64
N 58-10
[0-]=0,64x59,2=37,7 MIla
[Tpunumaem q=12,5.

9_ 021
22

OHpelICJ'IHCM MCIKOCEBOC PACCTOSHUC!
T,xE 8 5
8, 20,625x| 041 |xs| 2 T _0,625x (0,214 1)x gl 220 L 20A0T g5 5
z, [0 xa/z, 133,67 x0,21
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[Ipunumaem a,, = 180 MM U3 cTaHIAPTHOTO PsA.
2xa,  2x180
z,+q 60+12,5
[Mpunumaem o 'OCT 2144-76 [2, ctp. 36] crangapTHBIC 3HaUYeHUS M =5 MM, = 12,5
MM

x:%_o,sx(qﬂz):%_os (12,5+60) = 0,25

=4,95 mm

Moayne m=

OcHOBHBIE pa3Mepbl YepBAKa
JlenuTenpHbIA AUAMETP YepBsKa:
d, =qxm=12,5x5=62,5 mm
JlnameTp BEPILIMH BUTKOB YEpBsKa:
d, =d, +2xm=62,5+2x5="72,5 MM
JlnameTp BIaJguH BUTKOB YEPBSKa:
df1 =d, —2,4xm=62,5-2,4x5=50,5 MM

JlnuHa Hape3aHHOU YacT NUTM(QOBAHHOTO YEPBSIKA:
b, 2(11+0,06>< 22)xm+2,5:(11+O,06><60)><5+2,5: 75,5 MM

JleauTenpHbIN yron noabéMa BUTKa

1
npu z, =1; =12,5; y=arctg % =arctg 25 4°35'

OcHOBHBIE pa3Mepbl BEHIIA YePBAYHOI0 KoJIeca
JlenmutenbHbIA qUaMeTp YEPBAYHOIO KoJleca:
d,=2,xm=60x5=300 MM
JnameTp BepiuH 3yObEB YEPBAUHOIO KOJIeca:
daz =d, +2m(1+x) =300+ 2x5(1+0,25) =312,5 MM
JuameTp BnaauH 3yObeB UEPBIYHOTO KOJeca:
d, =d,—2m(L2-x)=300-2x5(1,2-0,25) =290,5 MM
HaH60JH,LHHI?I TAAMETP qepBﬂquro KoJieca:

6m _ _
L <d, + / 0 ~312,5+6 %1 2)=322.5 mm

k—2 — JUIS TIEpeIay C 3BOJIbBEHTHBIM YEPBSIKOM.
[ITupuHa BeHIIa 4YEPBAYHOTO KOJieca:
b, <0,75xd, =0,75x72,5="54,4 MM
[Mpuv, =10 m/c A5 OJOBSHUCTON OPOH3BI MPUBEIACHHBIN yroi TpeHus p’ =1°10’
KIIJI penykTopa c y4eToMm MoTeph B OmMopax, MoTeph Ha pa3OphI3ruBaHre Macya:
n=(0,95+0,96)x— 9 __096x— 92 ___q 7
tg(y+p’) tg(4°35’+110)
Koa(b(bHuHeHT HEPAaBHOMEPHOCTH PACIIPEAECIEHUS HATPY3KHU:

K, —1+( )(1 X)

Koa(bq)mmeHT nedopmaiu yepsska [8, tabdi. 4.6, ctp. 64] ®@=154
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60 \
K,=1+| — | (1-0,6)=1,06
p (154) ( )
K=K,xK,6=106x1,2=127,r0e K, =12

[IpoBepsieM KOHTAKTHOE HANIPSIKEHUE:

T, x K(é +1) 420x10° x1, 27(ﬂ +1)°
_170 q ' _ 170 125~ _129,6Mila
N7, &, 60 180° e
g 12,5

o, =129,6 MHa<[O'H]:133,6 Mlla

[TpoBepka mpOYHOCTH 3yObEB YEPBSIUHOTO KOJIeca Ha U3TUO:
z,=-% - O __g5
oSy (cos4°35')
Koaddunment dhopmsl 3yda [mo tadn. 4.5] Y. =2,15
C12xT,xKxYy 1,2x420x10°x1,27x2,15

O, =
F Z,xb,xm? 60x54x 5

55

=16,9 MIla ,9TO 3HAYUTCIIBHO MCHBIIIC [O' F]



Ilpunoscenue 6
IIpumep pacyera HenHOU nMepeaadun

Hcxoonvie oannvie: P1=7500B1T1=73,9Hm; U=2,2; n, = 968nun".

BriOupaem npuBOJHYIO ABYXPSAIHYIO LIEMb.
Yucno 3yObeB BeAylIeH 3BE€3T0UKH:
z,=31-2xu,=31-2x2,2=27 Oepem z, =30

Benomotii 3Be€3104YKH:

z,=172,xU; =30x2,2=66
[Ipuanmaem
z, =30, 7, =66
PacueTHblil K03 ULIKMEHT HArPy3KU
K, =K, XK, XK, XK, XK, xK, =1x1x1x1,25x1,4x1=1,75

rex, - AMHAMAYECKUN KOO(PPUIIMEHT MTPU CIIOKOMHON Harpys3ke;
K, = YAUTBIBAET BIMAHUE MEXKOCEBOIO PACCTOSHMUS;
K, = YAUTBIBACT BIMSIHUE YIJla HAKJIIOHA LICHTPOB;
k, = YYUTBHIBAET IEPHOIUIECKOE PErYIMPOBAHNE HATIKECHHUS,;
K., = YUATBIBACT IEPUOJAUYECKOE CMA3BIBAHUE;
K, = YYUTBIBAET IPOJOJKUTEIBHOCTh pA0OTHI B CYyTKHU.

Jlns onpeneneHus mara UENW HAAO 3HATH JOMycKaemoe [P] B mapHupax mnenu. B
Tabnuile JOMyCKaeMoe JaBlieHHe [P] 3aaHO B 3aBUCUMOCTH OT YacTOThI BeIyIlen
3B€304KM W mmara uenu. [loatoMy s pacyera cieayer 3aaarbCsi OPHUEHTUPOBOYHO.
Benymas 3Be3Ziodka MMeeT 4YacToTy BpamieHus N;=968 mun'. CpenHee 3HaueHHH
JOIYCKaeMoro faBienus mpu N1=968 mun ™ [p] = 16 MIIa.

[IIar nBypsimHOM e

122,85 51K 5 g, I3IT8XLTE 1y 15 Mm
z,x[p]xm 30x16x2

[Ton6upaem mo tabmure nens 211P-15.875-45.4 mo 'OCT 13568-75, umeromyto t =
15,875 MM, paspymaromryto Harpy3ky Q = 45.4 kH, maccy g = 1,9 xr/m, Aoy = 140MM2,
CxopocTth nenu
v _ &xtxn, _ 30x15,875x968
60x10° 60x10°
OkpyxHas cuna
F_ ﬂ _ Tixe  73,978x101,3819
V.V 7,683

JlaByieHHE B IIapHUPE MIPOBEPsieM 1O (hopMmyiie

poFixk_97612xL75 415 189 MiTa
y 140

on

YTounsiem nomyckaemoe masiienue [p]=16(1+0,01(30-17))0,85=15,368. VYcmoBue
BBITOJIHEHO.

OmnpenenseM 4uCiIo 3BEHBEB 10 hopMyIie
56

=7,6835 M/C

=976,12H




2

L, =2xa+0,5xz +A— = 2><40+0,5><96+E =128,

a, 40
raca, = % =40
z, =30+66=96
A=(z,+12,)/2x314=5,73
Oxkpyrigem 10 4eTHoro uncnia L, =128
YTouHsieM MeX0CEeBOE PACCTOSIHHE LIETTHOM TIepenauu o Gpopmyiie
a=0,25xtx (L, —0,5x7, +4/(L, —0,5x2,)? ~8xA?) =

=0, 25><15,875><(128—0,5><96+\/(128—0,5><96)2 —8x5,73%) =628,41066 MM

JIst cBOOOAHOTO MPOBUCAHUS LIEMU MPEeAyCMaTpPUBAEM BO3MOXHOCTh YMEHBIIICHUS
MexoceBoro paccrosaus Ha 0,4%, T.e.

a,. =62841066—628,41066x0,004 = 625,89 ~ 626 MM
OHpCI[CJBICM AUaMCTPbI ACITUTCIIBHBIX OKPY)KHOCTeﬁ 3BC340UYCK

t 15,875 ~
dy, = —80 - 180 =151,8725~151,8 MM
sin— sin——
zZ, 30
t 15,875 ~
dy, = —80 - 180 =333,96 ~ 333,96 MM
sin— sin——
z, 66
OrnpenensieM TuaMeTpbl HAPYKHBIX OKPY>KHOCTEHN 3BE3/I0YEK

D, =tx(ctg 128;O+0,7) -0,31xd, =15,875x(ctg %+O, 7)-0,31x10,16 =159 mm

1

D,, =tx (ctg lf—o+o,7)—0,31><o|2 ~15,875x (ctg %+0,7)—0,31x10,16 ~341,22 M.

2
Cubl 1€MCTBYIONIME HA ETIb:
- okpyxHas F, =976,12H
- OT IIEHTPOOCKHBIX CUJT F, =qxV?=1,9x7,6835° =112,17H
-0T npoBucanus F =9,81xk xqxa=9,81x6x1,9x0,628=70,23 H.
PacueTtnas Harpy3ka Ha Bajbl
F, =F +2xF =976,12, +2x70,23=1010,181 H.
[IpoBepsiem K03 (HULIMEHT 3anaca NPOYHOCTH LENH
Q 45, 4x10°
T Fxk,+F+F 97612x1+112,17, +70,22

Ot1o Oonbliie yeM HOpMaTUBHBIA Kod(hduiment 3amaca [S]=10,8, ciemoBarenbHO,
YCIIOBHE BBITTOTHEHO.

=39,19.
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Ilpunoscenue7
IIpumep pacyera KIMHOPEMEHHOM Nepeaayun

Wcxonuble ganuble: n1=2835 mun?, U1=4, P1=1,14 kBT, T:=3,84 H M,

01=296,737%%/ ..

1. BriOuparo ceuenue peMHs mo Homorpamme [9; €.134] B 3aBUCHUMOCTH OT MOIITHOCTH
P1, 1 yacTOTHI BpallleHHs Bajia ABUATATENS Nj.

[Ipu P=1,14 kBt 1 n=2835 mun’.

2.  Bribuparo pemens ceuenuem z(0).

3. OmnpenenseM quaMeTp MEHBLIETO (BEAYILIETr0) IIKMUBA:
d, = 43T, =43/3,84-10° = 62,6

W3 ctangapTHOTO psjga mpuHUMaeM 0;=63 MM.

4, OmnpenenseM quaMmeTp OONBIIETO MIKUBA!

dy= d1U1(1-£)=63*4*(1-0,01) = 249 mm

W3 cTangapTHOTO psijia MpUHUMar0 auaMeTp 0,=250 MM

d, 250

5. daktuueckoe nepenaroydoe uncio: U, = = =4

P 174, (1-2) 63(L-0,00)
6. OmnpenenseM OPUCHTHPOBOYHOE MEKOCEBOE PACCTOSTHUE KIIMHOPEMEHHON
nepeadm:

a., =0,55-(d, +d,)+T,
A =0, +d,

To=6 MM
a. =0,55-(63+250)+6=178
a,., =63+250=313 m

7. Onpenenum IJIMHY PEMHS

7(dy+d,) | (d,=d,)’ 3,14(250+63) _ (250-63)°

L, =2a, + =2.180+ =899,97 wum
2 4a, 2 4.180
[IpuHuMato IIMHY peMHs U3 cTanaapTHoro psaga L=950 mm
8. YTOYHAEM 3HAYECHHE Ay
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a,= 0,25[(L,, —w)+ (L, —w)? —2@ _ 0,25-[(950—491,41)2 +J(950— 491,41 —2-34969} _
=208,3 mwu;

w=0,57(d, +d,) = 0,5-3,14-(63+250) = 491, 41:

y = (d, —d,)? = (250 63)? = 34969.

Q. OnpenenuM yron o0xBaTa peMHEM BEAYLIETO IIKMBA:
o, =180° -57° 9o =0y _qgq0 57025063 =128,83"
a, 208,3
10. OmnpenenuM KOIMYECTBO KIMHOBBIX PEMHEH:
P-C, 114.1,5

‘= P-C_-C,-C, 0,87-0,92-0,82-0,95
Cp=1,5 — xoappunmeHtT pexrma padbots [9, . 136],
C,=0,82 — ko3 unment yria odoxsara [9,c. 135],
C,=0,92 — ko3 puIHEHT, YIUTHIBAIOIINI BIMSHHS JUTHHBI peMHs [9, C. 135],
C,=0,95 — ko3¢ dUIMEeHT, YIUTHIBAIOIINI YUCIIO peMHel B iepeaaye [9, 135],
P,=0,82 — momHOCTS, IepeaaBacMast OAHUM peMHeM [9, 124].

[TpuanMaro uyncio pemMuei z=3

Omnpenenum ckopocTh pemus [v] < 25 M/c
,_7dn 31400632835 oo

60 60

11. HarsaruBaHue BETBU KJIMHOBOT'O PEMHS

F o 30PCoC ) 8011805092 069 3462 — 63,4 H
7v-C, 3.9,346.-0,82

Hc? o
rne 6 = 0,06 — - KO3 PUIMEHT, YUUTHIBAIOLIUHN BIUSHUE HEHTPOOEHKHBIX CHUII.

12. ]laBicHuE HaA BaJbL:

- - 0
F :2F0-z-¥:2-63-3-wzl47 H

13. IIpoBepka AOATOBEYHOCTH:
U= =33 _q g [u]=10c
L, 0,95
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Ilpunoscenue 8
IIpuMep npeaBapuUTEIBLHOTO PacyeTa BaJIOB PeAyKTOPa

Cxema npuBoja

12 3
/// /// J
MLl lL L
===,
n | ¢ 3
N
y -

1 - snexmpodbuzamese, 2- mygima, 3 - pedykmap
Ban Begymuii.
Bpamaronmit Moment T;=37,2 H M, 1ommyckaeMoe HanpsiXKEHUE Ha KPyUYEHHE

[T]=25 MITa
g’ 16T, 3[16%37,2%10% 196
— | nlt] 3,14%25 7’ A

[IpuHrMaeM quaMeTp BXOAHOTO Bajla pEAYKTOpa paBHBIM JAHAMETPY Bajia IBUTATENs
32 MM, O] NOAIIUIHUKY 35 MM, o1 mectepHen 40 mm.

N
N

] [

LN ) LN

L e e I | ) 3

‘ \

Ban npoMeKyTOYHBIN.
Bpamarouuit Moment T, = 186 Hu, nonyckaemMoe HanpsiKEHUE Ha KpyUYEHUe

[T ]=25 MIla
L6 Ts_s[16+186+10°
= | wled ~ | 314x25 OO0
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[Tpunumaem auametp noa noammnauke 40 MM, o 3y0uaToe Koeco 45 M.
[lecTepHIO BBINOIHSAOT 320HO LEJIOE C BAJIOM.

gL5
250
?45

240
240

N
./

Ban Be1OMBIid.
Bpamaromuit Moment T3 = 850 Hu, nonmyckaeMoe HanpsKeHUE Ha KpydeHHe

[T ]=25 MIla.

= 55,7 mm

[Ty ] 3.14 % 25

[IprHMMaeM quaMeTp BBIXOJAHOTO KOHIA Baya 60 MM, ITOJ NOAIIUITHUKA 65 MM, TTOA
3y0OuaToe kojeco 70 MM.

3 16>I<T4_3\/16*850*103

#60

265
#55
|

RS

!

KoHCTpyKTHBHBIE pa3Mephl IIECTEPHHU 1 KoJjieca

[IlecTepHIO BBIMOIHSIOT 320IHO IIEJI0€ C BAJIOM, €€ pa3Mephl ONPECIICHBI BhIIIE: d, =
93,33 mm, da1 = 101,33 mm 1151 Beaymiero Bana; d; = 92 mm, da1 = 100 mm muis
MIPOMEKYTOYHOTO Baja.

3y0Ouaroe Kojeco ObICTPOXOIHON CTYIICHU:

d, = 466,67 mum, da2 = 474,67; b, = 70 mm,

3y0uaTtoe Kojaeco TUXOXOAHOU cTyneHu: d, = 468 mu, da2 =476 mm; b = 70 mm.
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Ilpunoscenue 9
KomMmnoHOBOUHAs cxemMa IWIMHIPUYECKOTO IABYXCTYIEHYATOrO PEAYKTOpa U pPacCUETHHIC

cxeMmsbl BajioB: | — Beaymiero; || — mpomexxyrounoro; |1 — Bemomoro
A
a g b C
1) B,
: Fr QF 257
Eaxv = —__ilj YBX

¥ F

|
A

|
[
~

~FtF F
e R R O
&CZ b d m
Hlfjx .
Loy k "Fn m ’% A § e
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Ilpunoscenue 10

KoMIIOHOBOUYHAsE cXeéMa KOHHMYECKOTO0 PpEAyKTOpa M pacyeTHble cXeMbl BajoB: | —

Benyuero; |1 — Begomoro
QN " D F;blx
1) = 2
F F A
C r a;
X d Ay Dy
+ +
1+
+
F
r
d 2
B, Fl°©
Z al
1 Ml -+
I) S
Ay + +
il < I e
© TN | T
F,,




Ilpunoscenue 11

KoMIIoHOBOYHAsI cXxeMa YEepBSYHOIO PEIYyKTOpa M pacyeTHble cxeMbl BajoB: | — Bana-
yepssika, || — Bama Bemomoro
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Ilpunoscenue 12

AKCOHOMeTpI/I‘leCKaﬂ ¢xXeMa CUJI NWINMHAPHYECKOT0 PEAYKTOpAa

65



[IpoBepka 10ATOBEYHOCTH MOJIIUITHUKOB
Paccmotpum Benyiuii Bast u3 npuioxenus 12

HUcxomuble TaHHBIE

F.=797H
Fii =290 H
Fa=136 H

li1=1,=56 Mmm

717
49

/

Jls

/y

Pucynok 4 — Cxema cui1 1 31r0pa MOMEHTOB BEAYIIEro Baja

66

20 fim

M 10 Hy

Ilpunoscenue 13



Peakunu onop B 1mockocTy yz
Ay=By=Fu/2=797/2=398,5 H
B IJIOCKOCTH XZ

d
ZMA:O Bx(ll‘l'lz)_Frlll‘l'Fa_l:O

2
d
ZMBZO_AX(11+ZZ)+P;'1ZZ+FCL?1:O
d
5 Tl — s 290x56 - 136+ 93,33/2 gg33 1
L+, 112 o
d
p B+ FS 290%56+136%93,33/2 0167 1
L+, 112 B ’

M, =A,l; =11,3 Hu
M, = B,1,=4,9 Hm
[IpoBepka: A, + B, — F,4 = 201,67 + 88,33 —-290=0
CyMMapHbI€ peaKIuu:

A= A+ A% =/201,672 + 398,52 =447 H

B, = |B,*+B,* = /88,332 + 398,52 = 408 H

Bri6upaem moAMIMITHUK MIAPUKOBBIN, paauanbHbIi, onHOpAaHbN 36207 mo [OCT
8338-75:d=35mm, D=72 MM, B=17 mMm, r = 1,1 MM, Dy=11,112 MM, C; = 30,8 xH,

or = 17,8 kH, 0=12° mo 'OCT 831-75.

JlnameTp OKpy>KHOCTH IIEHTPOB HabOpa MIapHKOB!

Dpw= 0,5(D+d)=0,5(72+35)= 53,5 mm.

Omnpenenum 3HaucHue kodddunuenta fo= 14[4, Tabda. 11.13, c. 198].
DKBUBAJIGHTHAsI TUHAMUYECKAsl pajuaibHas Harpy3Ka:

P=(F -X-V+F, Y)K_-K,

V — k03¢ dUIMEeHT BpalleHus; T. K. BpalllaeTcsi BHyTpeHHee KOJbIo, To V=1,
X=0,46; Y=1,88; e=0,29 [4, tabn. 11.14, c. 199],

K, = 1,2 [3, Tabn. 11.12, c. 198],

K, =1 [3, c. 197].

P, = (0,46 %290+ 1,88 * 136) * 1,2 * 1 = 466H.

PacyetHas qonroBe4yHOCTh, MITH. 00.

3 3 3
L[ E 2 30,8-10 =28873Lwuan. 06.,
P 466

9

PacueTHas 1OJAroBEYHOCTD, 4.
L-10° 288731-10°
60n  60-949
yto 6oabme 20000 .

L, = =507805 uacos,
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Ilpunooscenue 14

HpOBepKa MPOYHOCTH IITMOHOYHBIX COCI[I/IHeHI/Iﬁ

[IprHMMaeM pasMepsl IIOHOK I Basa. [lapameTpsl npu3mMaTHyecKo MIIOHKA Ha
BeIX0qHOM Bany: d =50mm;bxh =14x9;] =63mm.

[nonka 14x9x63 I'OCT 10748-79

['myOuna maza Bana t =5,5mum; CTYNHUIBI t, =3,8mm

HpOBepﬂeM IOITOHKY Ha HAIIPS’KCHUC CMSATHUA!
2T

TCEA IR

rrne o, ] - A0MyCTUMOE HANpPSHKCHNUE Ha CMATHE o, | =100+ 240M/la

YCJIOBHC IIPOYHOCTU: O, =

[IpoBepsieM MIMOHKY, MOJICTABIISIS BCE pasMepsl B GopMyITy:
2.238-10°
o, = =34,7MIla < [O'w]
" 80(9-5,5)(63-14) #
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Ilpunooscenue 15

YTOYHEHHBIH pacyeT BAJIOB

bynem npou3BoAUTE pacydeT Ui NPEANOI0KUTEIBHO OMMACHBIX CEYEHUN KaXKI0TO
U3 BaJOB.

BaJi Beyumit.
Marepuan Bajia— ctajib 45, TepM0o0OpadOTKa — yIIyUIIIEHHUE.

[To Tabmune 3.3 mpu amameTrpe 3arotoBku A0 90 MM cpejHee 3HAYCHHE Oy =
780 MIla [9; c. 34].

[Ipeaen BBIHOCIMBOCTU MPU CUMMETPUYHOM IUKJIIE U3rKoa:

o_1 =0430, = 0,43 x 780 = 335 Mlla.

[Ipenen BBIHOCIMBOCTH ITPU CUMMETPHUYHOM IIUKJIE KACATEIbHBIX HAMPSKEHUM:

o_1 =0,580_; = 0,58 * 335 = 193 MIla

Ceuenne A-A: lmamerp Bama B 3ToM cedyeHue 40 mm. Bpamarommii MOMEHT
T,=37,2 H-m. KoHleHTpalusi HanpspKeHus OOYyCJIOBJIEHA HAJIMYUEM IIIMOHOYHOU
KaHaBkH; k =1,795, k. =1,69[9; T. 8.5, ¢c. 165] &, =0,8 ¢ =0,73[9; T. 8.8, c. 166]
macmtabHeie hakTopsl v, =0,15[9; c. 164] u v, =0,1[9; c. 166].

W3rubaromuii MOMEHTBI: M, = 22300Hmm, M, =11300Hmm

CyMMapHBIf U3ru0aromui MOMEHT:

M =[M?+M} =1/22300° +11300° = 25000
MOMEHT CONPOTUBIICHUS KPYUYEHUIO

2 2
W - axd® bxtx(d-t)" 314x40° 12x8x(40-5) 11096 vnd®
16 2xd 16 2x40

MoOMEHT CONPOTUBICHHUIN U3THOY
Caxd® bxtx(d-t) 314x40° 12x8x(40-5)’

 ommo = = 4813 MM°
32 2xd 32 2x40
AMILTUTYJIa U CpEeIHEE HAMPSHKEHUE ITUKIIa KacaTeIbHBIX HAMPSHKEHUI
T 27200
TV =7 = = = 1, 2 MHa
m 2xW_ 2x11096
AMIUTHTYTHOE HOpMaJIbHOE HAIIPSHKEHHUE U3rnda
3
o, =M 2510, 5MTa
Wkuemmo 11096
CpenHee HanpsHKEHUE LUK
F
Op=—15= 136 > =0,1MI1Ia
zd 3,14-40
4 4
KoaddumuenT 3amaca mpodyHOCTH 110 HOPMATBHBIM HAIIPSKEHUSIM
B o, B 335 3
S, = k 1,795 =67

o
:XO'V""//UXO}

o ’

x2,2+0,15x0,1
8
KoaddunmenT 3amaca mpoyHOCTH 10 KacaTeIbHBIM HAMIPSKEHUSIM
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s _ 7, _ 193 6

ﬁxrvﬂ//rxr 1’(;2><1,2+0,1><1,2

T

& 0,

T
PesynbraTuBHBINA KO3 PUIIMEHT 3an1aca MPOYHOCTH

S,xS, 66x66 —46-[5]=2,5

T [si+st o6t 1660
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Ilpunoscenue 16

Br100p copra macia

CwmasbIBaHHE 3y04aToro 3areruICHIs TIPOU3BOIUTCSA OKYHAHUEM 3y04aToro KoJjeca
B Macjo, 3aJIUBa€Myl0 BHYTpPb KOpITyca JI0 YPOBHS, OOECIEYUBAIOIIETO MOrPYKEHUE
3ybOuaroro kojeca npuMepHo Ha 10 mMm. OObeM MacisiHOW BaHHBI OMNpENesieM U3
pacuera 0,25 am° Macia Ha 1 kBT repe1aBaeMol MOIITHOCTH.

[To Tabmuue 10.8 ycTaHaBIMBaeM BA3KOCTh Macja MPU KOHTAKTHBIX HAIPSHKEHUSIX
oy, = 410 MIla u okpyxHO# ckopocTu Kojec 4,5 m/c. Pekomenayemasi BI3KOCTh Maciia
JOJDKHA OBITH 0KOJI0 28%107° M%/c.

[IpuHuMaro mMacio aias cMmasbiBaHus peaykropa uHaycrtpuanbHoe M-30A T'OCT
20799-75.
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Crenndukanus KOHHIECKO-IIMINHAPHIECKOTO PEAyKTOpa

Ilpunoswcenue 17

g 2| & Ooo3HaqeHue Haumerobarue S /Zg ;/55_
§ LoKyMeHImaY LS
8
) LM 23.796.1000C6 LOOpo4HbIU Yepmex
LOopoYHbIe E0UHULE
7\4M 237967100 Macoykazamesiv xesiobei | 7
% 2 IM 23796.71200 Apbiluka /mka 7
b Lemany
J4M 23.796.7007 Kapnyc 7
4 |4M 23.7196.1002 Apeiuka 7
5\4M 23796.70.03 Ban-wecmeprs bedyuuy | 7
6 |4M 23.796.71004 Ban-wecmeprs npovexymodren | 7
" 7 \4M 2379671005 Ban bedomsi 7
S 8 |4M 23.796.70.06 Koneco 3yo4amoe i
E 9\4M 23796.1007 Koneco 3yoqamoe 7
S 0\4M 237967008 ADbIluKa MOCUUITHUKA 7
S 774M 23796.7009 Apbilka nOGUILIHUKA 2
§ 2VIM 237967070 Apbitka noguwunHuKa 7
g 1AM 23.796.70.71 ApbILuKa rocUUmHUKa 7
< H\OM 2379671012 Cmakar 7
g 5\4M 23.796.70.13 Bimyska pacropHas 7
§ 16 |4M 23796.70 14 Bimysika pacnopHas 7
- 17\0M 237967075 Bmyka 7
S B\OM 23796.70 76 Bimyka i
E 19\0M 23796.70.77 [lpok/iaoka 7
S
. LM 23 796.71000
Wl lucm |~ N° dokum. [lodn. \Jama
E ;Z;gaﬁ, B ig/(map I//z//7l7 //z/;'m //ucgmﬁ
S KOHUYBCKO-
g | YUMUHGDUHECKUL
Konupoban Popram A4
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Wm\ /lucm

N° dokym. [lodn. \[ama

§ § S O003Ha4eHue Haumerobarue S /527 ZZEE;_
20\0M 23.796.70.18 [lpokadka 7
21V4M 23.796.70.79 [lpokiacka 7 \Kormnn
22\0M 23.796.70.20 [lpokiacka 7 |Aornn
23\0M 23.796.71027 [Ipok/iacka 2 \Komnn
246 \4M 237967022 [lpokiacka 2 |\Komnn
25|40M 23196.71023 [lpoknacka 7
26\4M 23.796.70 24 [lpokaoka 7
27\IM 237196.71025 Omayiwura 7
28|4M 23796.710.26 [lpooka 7
LImaraapimHble U30e/us
bommel [OCT 7808-70

29 M2x8058079 0
30 MEx35.58079 8
37 MEx25580719 24

: 2 Mex2058.079 4

g [avky [OCT 5915-70

- 37 M125019 0

= Y MB50719 .

S Uaos 1OCT 6402-70

4 35 1265029 0

g 36 865029 32

& 37 6651029 4

= Manxems [OCT 8752-79

S 38 7-70x95-1 7

: W 1-70x 701 /

5 41 [adka M60x2-6+06

[OCT 171871-88 7
f§ 42 Waida 60-02 1OCT 11872-80| 1
M 23196.1000 -

Konupoban Popram

A4




S[s| o s |/lpure-
8§ N JoosHaqere HaumeHobarue 1l
Unorky 1TOCT 23360-78
43 22x 16 x56 7
44 2O 2xeS 7
45 1Ex12x45 7
46 Tex9x35 7
[Todwunkuky TOCT 333-79
47 7276 2
48 Vg 2
49 72l b
50 [lodwuntuk 322 14
[OCT 8328-75 i
S
N
]
=
>
<
&3
E
5
Q
S
-
]
=
3
g /ucm
g LM 23796.71000 i
Wam\lucm |~ N° dokym. [lodn. \Jama
Konupoban Popram A4
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