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BBEAEHUE

Tlo satpatam Tpyna, ofbemy¥ I CTOMMOCTH NOFPY304RO-DA3TPY30UILe ONEpaLiH
B MPOH3BOACTBEHALIX MPOLECCaX SaNAMaoT oAno U3 nepsuiX mecT. Ha ux Bmnonne-
HHH 3alATO BCE NOIHEMHO-TPANCUCPTHOE 0fopYIOBJHie H 60ABLIIOE KOJHYECTBO
OOCAYKHBAOUIETC TCPCoiiala, 3NAYHTERbLITAN 4aCTh KOTOPOTO (ICHNOAL3YeTCH Ha Ta-
KeJaxHRX Kpanobeix paloraX, CBOASILMXCR B OCHOBIIOM K OTEETCTECHHHM, KO AO-
CTATOUHC NPOCTIAM AeHCTBUAM 3aKPENJENH Nepenelaebix FPYI0B HA rPy303axBat-
IbIX opranax.

MNpr neperpyske culEEy4nx rpy3oB kautoice pacnpocTpaieun rpefigepr, ofe-
cneynpaiomie 3heKTHBHYIO MCXAHN3aUHKO npouecca. [Iphn neperpyske WTYYHLIX
TPY30B H BHNOJHEHWH MONTAKHLIX omepautil ¢ KOUCTPYKUMAMH i 0GOpYACBAIHEM
IR MCXAHH3EUHA MPOIECcca 3aKPeryicHKA TPY3a Ha KPIoKe kpalta RPHMEHOT TPy3o-
saxpariuie yorpoictpa (YY), ¢opMa KL NpuUHIMD AelCTRIA KOTOPLIX 3ABHCAT OT Koi-
Hrypanne rpyaa, ero rafapHToB, Macchf # NPECNOCOGAEHHOCTH K B3AMMOMEHCTBIND
¢ I'Y. Taxne T'Y ssasmoTca cneunanuanposansbinik. B itacToswee Bpesa B HapoIHOM
xoanficTee AR ONEPHPOBAHHA €O INTYYHLIMIF TpY3ash HanGoOJIee WHPORG NpHMe-
HAIOTCA yinBepcalbHiie ['Y — RenaTibie cTPONL, NPHIOTIWE RJIA AOABEIHBaHNS
Ji0KX TPY30B, Ho NPK YCNOBHH JOCTATOYIO BLICOKOH KBATR(UKALIIK TAKETAKUKLA-
CTPONOBIIKA K 3aTPaTe IUaviiTeJbKOTD BpEMeitn ua 5Ty onepauHw. Buecre ¢ Tem
3 poBens cospemennoll NOALEMHO-TPAHCNIOPTRON TEXHMKH AOCTATOUIIO BLICOK JJA TOTO,
YTOOL CO3;aBATL It HCROJAL3OBATL CO BHAUNTENLHLIM TEXHHKO-3KOHOMIMCCKHM 3(dek-
TOM CrennaiusnpoBatnsie ['Y ANe WTYuHbLIX IPY30B, NPHCNOCOGACHHLIE B NPOCTOM
KOHCTPYHTHBHOM HCMOAHEHEN AR GbicTporo B3anmofielicTBis ¢ Tpy3oy Inpe ynpae-
JIERIH TAKEAAMHIKOM, 2 APH YCJIOMHEHNON HCTOJIHEIHY — 0JA aRTOMaTHYECKOTC
3dXBATA IPYy3d H OPUEHTHPOBANNA €0 B NPOCTPARHCTBE HENOCPEACTBENHO KPaHOB-
LTI KOM.

«OCHORIIBIME HANPABAEIHSME SKOHOMHNMCCKOTO 1 conkannnoro pasenrun CCCP
Ha 1981-—1985 romur u ua nepuon ao 1990 roaar, yteepmiaeinbivin ua XXVI coesne
KINCC, upeaycmoTpens, YTe NPHPOCT HPOMLILLIEHHON NPOZYKUMM A0AMCH OHITh
offiecrieden raapitbiv 05pasoyM 33 CYET NOBLILCKHEA M[poN3BOAHTeNblIOCTH Tpyda. Ha
NOALEMIIO-TPAIICTIOPTHEX, NOIPYS0YHO-PAIIPYI0UWIHX B CKIAATICKAX patoTax npois-
BOAMTRNLHOCFL TPYAA ONPeRedinelcsi B Nepsyio ouepenb HAIHYHEN BhICOKOI(NDRKTHB-
HOTO TPY303aXBaTHOTO OGOPYNOBAINS, NOITOMY YCKOPCHIIOE PasBHTHE MOLHOCTEll
N0 H3rOTOBNCHING CPEACTE MEXANH3AIHH H aBTOMATHIAUMN YKa32iiLIX paGoT ABARETCH
paxnuefinicit 3anavefl Ha 6aumaflude roAsl. 370 CTABHT H4 NOBECTKY JAHRA Opranu3a-
LHID CRElHAH3NPOBaIlHLIX NPOH3BOACTE Tpy3o3axpBamioro oGopysuBapus, 4TO no-
8poduT nepefitii 0T BEAOMCTEEHIIOIO MEJKOCePHIIOro X H3TOTORJAENNA K LEHTPasiH-
S0BaKHOMY MNPOHIBOTCTBY BHICOKO3((EKTHBHLIX, WAYECTBEHHLIX M HAfIEXKIBIX KOH-
CTPYKUHi, GAIUPYIOIMHXCHE 12 MOAYABHOM [PHILHIIE C HCNOAL3OBAHKEN YHH(pHLH-
POBAHULIX MeMEHTOD,
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lFocTH B CnpaBoyYHNKe NEHEENEHH NO COCTOSHMIC wa | Anpapa 1982 r.

OBLIHE BONPOCH! PACYHETA H KOHCTPYHPOBAHUSA
]- FPY303AXBATHBIX YCTPOUCTB

1.1. KJACCKHOKKALKA U OBIUAA XAPAKTEPHCTHRA
TPY303AXBATHLIX YCTPOACTE

1.1.1, KIACCHOHKALLNSR

I'py30n0theMiLli KPAH HOPMAILHOTO HCIOTHEHHA Cla0HaI0T IPUKPenIeHibd K not-
Bipxuoli ofoliMe rpy3cBROro NOJAHCNACTA KPIOKOM, Hd KOTOpHIEE nepesewlaewmii Tpys
HABCILHBACTCHA HCMOCPEICTBEHHO, NPH NOMOWA rH0XHX CTpom, 3aKpendeHHBX Ha
rpy3e, WA cnetinagusnporanqore 'Y, Hapeurennoro ka kprox. B nocneines cnygae
pianmoneficteie 'Y ¢ rpy3os ocymecTBARETCH mnyTeM noaxeara (TPpy3 ORHPAeTCs
Ha saemchTh ['Y), 3axuna (rpy3 3axusaerca saeMentaniu I'Y n ynepx#aBaercs b Hem
cuAcH Tpewna) KW notseca (Cpy3 yacpxupaercs T'Y 3a cueT 3TeKTPOMArHHTIOLO
HAH BAKYYMHOPO B3aHMOACHCTBHST MEXTY HHMI).

Creunamnsaposatnoe T'Y Jomuut GeiTb npHEnocoGlIeds Anst B3aHMOAEHCTBHI
C I'py30oM, NapaveTpnl KOTOPOTO — MAcca, KOHQUCYpauns, raGapHTHbie passepsb,
KECTKOCTh (MO OTHOWENHED K BileGIHEMY AABJAEHHIO i NediopMalusyM OT CHAM TH-
KECTH) — MOTYT OLITL NEpPevMeHHEMI B OTPAHHUCHHEX TPenenax, nosToay KOHCTPYKs
TheUGE nHcnoawenne I'Y  pasHooGpasHo.

Coenurenne cneutaanzanposaikoro I'Y ¢ IDySOM BLINOJAHAETCA TaKENaMHHH-
KOM-CTPONOBLLGKONM (HAODHMep, nyTen HANCBaHHA NOBOPOTHRIX ckof T'Y uHa Bbk
CTynel rPy3a) IK KPAHOBUHKOM (nytes onyckauns I'Y pa rpy3 mam noipefeund
ero noa rpy3).

3axsaT rpy3a moMeT ObiTh NOJIHOCTHYY ABTOMATHIHPOBAHHMM (33aXxBaT obecmeun-
BAETCH TOTLKO 33 CHET NepeMelleiins Btik3 H ssepx camoro I'Y), WiH, ¥TO ocyuge-
CTBTACTCA Hatle, AUCTAHLNOHKE YIPABAsieMblM (Mpoliect B3anmopelcTBHA ofecne-
YHBAETCA CNEUHaALHLN YCTPOHCTBOM, YRPABISeMbM KPaHOBLILKKON).

[lo cnocoGy ynpapnenns padingawoT I'Y ¢ pyulbiv, aBTOMATHUECKHM H JIICTaH-
DQHONHBM yOpaBierlics, a no cnocofy noBopoTa — cs0GOINCNIODOPOTHLIE (BPALLAIOTCA

F.I. Obmar kraccuduriunna kpaHoemx F¥

I'pyscaaxeaThoe ycTpolteTso

XapaKktepH- Knowesoe, Gprk-
CTHKS CTponoeoe, nHOKHOE, SKCLEH- Bakyymuoc,
Tpehdep Jlanuatoe, KOM- | gppkonoe, Kam- | PTEKTPOMarnnT-
TellHepHoe HOBOE HOE, MArHHTHOC
I'pya Cunyuuit Lryuneh
Crnioco6b 3a- 3auepneiHaICLIHi Mogaep» HBAK- BaxHMHCH {Tpurarnpawunit
XBIT2 TpY3a wui

Ilepesteniennp Beprukanpuoe BepTHKaauHOE, CRBOCOANO-HIH NDHEYANTEABAONOROPUT-

HOE OTHOCHTEAbKO BePTHHaMnHOH ocH

Ipueop, sa- Kanarruf, Pyynofl, 3aeKTpoMexaHhyecKil, [MuersopakyyM-
REBATHOIG Op- IEKTPOMeXaN- | THADBBARTECKIA, NHEEMATHYeCKHT RElfi, 3JACKTpHAE~
rana HecKHA, ragpae- cKufi, MariiHTHLA

JHYeCKn A, oHes-
MaTHIeCKN R

Ynpasacrue Pyugoe, pncran- Pyysoe, BHCTAMNINOHHOE, TIOAYan- Pyunoe, AKCTaH-
8aXEATOM H LHOHHDE TOMATHUCCKOE, ABTOMATHUCCKDS uMoiioe
oCBOGOALLE-

HHEM rpysaa

NMpuMmenanne

Cnocof

noaneca [¥Y K wpany XecTkHE uau ralkaf.




COBMECTHO C XPIOKOM H3 €r0 TNOANATHEKE NOA JAeHCTBHEM YCMINS TaKenamprHKa
HHEPLUHONHIIX @I BeTPOBHIX HArPY30K) K NPHHYAHTCABHGNOEOPOTHHE (BPAMAKGTCH
CReanbiLIM NPHBOAHEM NOBOPOTHEN NEXalli3mOM, BCTPoeHHuM B I'Y mam xpio-
KOBy®w ofiofivy), yNpaBafieMble KPaHODLLHKOM.

Jlasm nepevellienna SNeMEHTOB NOIZXBATHHX H 3axnwubX 'Y npeAmensioT siex-
TPIYECKNE, THIAPABARYECKHE H DHEBMATHYECKNE NPubcaki. B I'Y wekoropuix npoctbix
TINOB, HANPHMEP SKCLEHTPHKOBLIX, HMCNOILIYIOT PYUHONl NpHBOL.

Ipeiipepuntit  rpy3cnogbeMunit Kpan oDOpy1yIOT NOIBEWERHWM K KaHaTam
NOALEMHOTO  MEXAHNSMA YEJIOCTHBIM  KOBIOM — rpeilfepoM, NpPHMeRseMEM INS
3AXBATLIRANWSA (334CPNLBAKKA) NEPETPYXACMLIX MATEPHANOB M TPaNCHOPTAPOBA~
1HA HX K MeCTY Pasrpyaki.

PaspepuyTan xapakTepHcTiiKa rpeiieproro ofopyroBanns npueefena s o 2.1,

Kpiokouoli rpysonofneriiblfi KP2H HOPMAIHHOTO HCHOJTHEHHS OCODYRYIOT Ka-
HATHLIMH CTPONauh YHHBEPCANLHOTO NCNOJNL30BARHT WIH 'Y pasyuuubX THNOB.

I'pyzonoaveunbiil KPaH CHeUnadbHOTG HCNOARCHHA ClaGXKaloT CHELHalAsNpos
pankbv 'Y, nprcnocobiensniM AN B3aHMOZENCTBHA C TAKKMHK TPY3aMH, KaX KOBILE
C MBIKUM METAIOM, ropauHe CoAsadki H Ap.

OGwan kaaccibukaums gpanouix ['Y nprBeaenz B 1aln. L.

1.1.2. XAPAKTEPHCTMKA TPY30B. C KOTOPLIMH EB3AHMCAERCTEBYIOT
KPAHOBLIE IPY3A03AXBATHLIE YCTPOWCTEBA

Teperpymxaempie T'Y, oftuno rpeiigepamu, CLnYYRe MaTepRaNL o PanysioMeTpH-

UeCKOMY CCCTABY (G0 PasMepaM MacTHI, B MA) KAACCHQMILPYIOT CAEIYIOUAM
obpazom:

IMNuneewarwe . . . . . Menee Mesworycxoeme . . . . 10 ... &0

0,05 CpepHeryckoere . . . 60 .., 160
Mopowkoobpaarme . ., 0,65 ... 0,5 Kpyonoxyckoene . . . 160 ... 320
Menkozeppkctee . . . 0.5 ... 2 Ocobo kpynuwe ., . . . Donce 320

Kpynnosepnnerhe . . . 2 ... 10

Tpn oueHKe KYCKOBATOCTH MAaTepHaia CICAYCT HCXOJWTL W3 PacieThoro ee

BHAUCHNEA
‘an=¥/ula,u,,
FAE 8y, {3, 83 — DASMEPH KYCKA B TPEX HAIVEDCHHAX.

JInsT pAmOBOFC MATEPHANA OTHOLCHHE Gymax/Oumin>> 2,5, a Aam copruposan-
HOTG Gymax/drmm < 2,5.

CrnyyHe MATCPHANLI XAPAKTEPHIYIOTCS ¢PHIHKO-MEXAHHUCCKEMII NapaMeipavi,
KOTOpHle B CBS3d € PA3NOPOAHOCTEIO MATEPHAAA OTJINYAKTCA LIHPOKMMH Npelenamd
yye/eHHWX anavennli (Ta6n. 1.2). Ilns HEeKOTOpEIX MATEPHANOS YHCNEHHLE Snaye-
HHl YCTAHOBJIEHH ME IR BCCX NapaMeTpos.

Ilo mnewmeli KONGULYpaldn W Macce Pa3NNualoT WITYYHHE TPY3nl TPEX KaTe-
ropnii.

A. Enunugnme kpynuoraGapsThele py3sl GoNbiuoH macchl, Nepeseiaembie
ueperynspro. K HEM OTHOCHTCA pasimdHOe MIlidNHoe H Apyroe ofopyjopanne, ne-
peMellaenioe B MPOLECCe MOTPY30MHO-PA3ITPY3CYRbIX H MOHTAMHO-JEMONTARHEX Da-
Got. B mMosent npaGmTHsa WIH OTCPY3KI HX MOMKHO YNaKoBaTh B KpyRniorzGapHTHbie
auwEke. HexoTopbie BHAM 3TCro COOPYNOBaHUA (SMEKTPOIBHTATLIN, DPeny KTOPH)
cralakeHtl pHM-OONTAMH WJH KOHCObHEMH poraMi. JIns BX noAbeckh K XpOKy
KpaHa ofuYHO TPUMEHSIOT YHHMBEPCAJBHEE CTDONBI, PEME CNERtaininie YCTpoii-
CTua, HANPWMED NPH MOHTAME KPYMHLIX TEXHOBOTHYECKHX HKOJOHH HedTexuuuue-
CKiIX TIPEROPHATHIL.

B. Maccopue ouioTHnume kpynuorabaputheie rpy3n Gobuiof Maccs, nmepeme-
AeMBle  PETYJSPRO — MeTAIJNUeCKHe ¥ OeTOHHHE CTPONTENILHEIC H3fenns (xo-
JIOHHH, TAMTH, ©epMBl, GaTkH, GAOKH), TAKENHE NPOK4THBE METAANHYECKHE NLO-
Qunn (AncThl, GanEH), KPYOHLE MAUIMHRGLIE JEMENTH 4 JeTajH, JecoMaTepHaiul,
Jns MX noapeckn K KPIOKY Kpana ofniuno NpHMEHAloT cneliiainspposantute [V,

B. Macconme ofHOTHRIHE wManoralapnTilbie TPysH MafioH Macch (Medxhe wa-
WHRHLIE JETafH, TAPNO-IUTYYHLIE CPY3H — SGIIHKH, KHiH, MEMIKH, GOUEM, pYJAOnh
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1.2. PHSHEC-MEXAHHUECKHE NAapa2mMeTphd CHIOYYARK MATEPHANOR

Hawatn- Kosdnpuunens
Hacwnnan 1?;:2:::2_ TPCHUR
Matepuan (rpya) RAOTHOLTS, CHDITY ,;.:mglimuqe-
/M - . KOro yn-
/ ﬁ%ﬁm}%“a Bﬂﬁ:";&e" ¢ CTalb AOTHEHNA

AnaTuT NopowxoBwf 1.6 ... 1.7 50 0.6 0,68 -
AnelacTp measuit , . . 1.2..1.4 — u.58 ... 0,82 0,61 ... 0.8 .
THIIC MEJKOKYCHOROH 1.2 ... 1,4 - 0,58 ... 0.8 l0.61 ... 0,78 |1.14 ... 1,52
TAMKE CYX388 KPYNROKYC- _
KOBAA . - - « = & = = 1...1,8 - 0.8..1 0.7 .. 1 —
Canuo3en cyxoll nopoi-
goobpasHwf . . . . . 1..15,06] 10.. 80 [0.54 .. 0,56 |0,42 ... 0,54 |0.42 ... 0,54
Ipapuit . . .+ & o & 1,6 ... 1.9 — 0.42 e gga { L12... 1.34
JeaMan rpynTCEaA CYXES 1,1 ... 1,6 —_ 0,60 ... 1 75 ... —_
3exman dopMosounan . .| 0,8... 1,3 300 0.58 ... 0,73 10,46 ... 0.71 (1,13 ... 1,34
3epPHO CYKOE . . « » . 0,77 176 — 6,58 —
3ona CYXan e e e 0.4 .07 420 U84 ... 1,2 0,60 ... 0,85 [1.05... 1,08
HageCTHAK CPeIueKYCHO-
pofi, . . . p e b s e 1.4 ... 2,2 Ho 100 |0,57 ... 1,26 |0,56 ... 1 1,09 ... 1,18
Mapeetb. « « o » » » -| BF .. LB —_ —_ 0,35 ... 0.6 —

TMopoaw KAMENKLIE Cpeq-
HedycHopsle OyToBhle H
aneGacYPOBLHE . . . . 1,5... 2,2 200 0,75 0,58 .., 0,84 —
KAHHKED « + + 4 & a « — — 0.55 ... 0,66 |* —_ -
Koke CpeaRexycRopoi 0.48 ... 0,53 220 0,52 ... 1,19 |0,47 0,53 _
Kpuanur PO — 50 ... 150 [6,52 ... 1,12 |0,55 ... 0.95 1,17 ... 1,23
Menl nopCIKoo6pasHblfl

cyxolt . . . . ... - |0,95...1.2 — 0,81 0.6 ... 0,8 —_
Hedennn . . o + o = o] 1elae 1,26 [ 100, 200 0.6 ... 0.85 | 0.3 ... 0,68 1,12 ... 1,19
Onkaxs gpesccHbie, o . | 0.16 ... 6,32 | 30 ... 360 0,6 ... 1,5 0,39 ... 0.85 [1,29 ... 1,4

IecoK:
cyxolt . . . . e s .| Li4... 2,05 160 0,57 ... 0,84 |0.32 ... 0,8 ]i.16... 1.29
BRAMHBA . . . . - - 3 1000 0,75 0,57 P14 ... 1,38
INehb YrofLHAfA o 5 = = 0,6 ... 0.7 — —_ 0,32 ... 0,77 —
Pyna:
MOJE3HAA MeNKo- H
CPDEOHCHYCKOBAA , . . 1,8 ... 2,5 300 0,57 ... 0,86 |0,57 ... 0.84
ponsppameoeas L, . .| 2,7.. 3.5 — — L -
Caxapr . - = <« « s & &« — —_ 1,19 0,8 ...1
CelHTPA - « & & = = - —_ 0,78 ... 0,84 —
Cofa KaapUNHNPORAHHAR 0.4 ... 1,25 Do 100 lo71 ... 1,02 | 0.3 ... 0.4
Cosb KAaMEHHaH NOBAPEL-
K287 . « v 2 s - - - « | 0,72 ... 1,8 — 0,57 ... 1,02 |0.49 ... 1,2
Topd eoiiyuwmo-cyxoft 0,35 ... 0.8 500 0.62 ... 1,19 10,27 ... 0.7
¥rone wamenubii;
cyxefl ., . . . . . . 0.6 ... 0,8 Ho 100 |0,51...1 0,29 ... 0,84 | 1,2... 1.28
BUAMHLE . . . . . . i,02 1000 0,55 0,47 —_
Qocdhopur nopollxoof-
PasEBA . ., . . . . — _ — 0,3 1,21
Llement c e e s e ome ... 1,3 o 150 0,5... 0,84 ] 0.3 ... 0.65 (L, 15 ... L, 19
Inak cyxch . e 0.6 ... 1 — 0,56 ... 1 0.4 ... 11 —
LleGesb Gy nuKHELIE 1.6... 1,7 —_ — 0,72 —

H Ip., — Me/KHe CTponTeIbHue AeTadin). JIns sp@ekTHEHOrO nNepeMewienus Kpa-
HAMH 3TH TPYSH! 1iag0 co0HPaTh B KOHTCHHEDL, NaKeTHPOBATh Ha NOAAOHA!, YKIalu-
BaTh B CETKM, NOCNE Yero A4 11X MoBBeCKA K KPIOKY KpaHa MOMKHO NPHUMENNTs TPYy30-
3axeathne ycrpolictea. Hipke npiBeiert OPHEHTHPOBOUHLIE JAHHLIE AAA HCKOTO<
PhIX MaccoBHIX wTywamx rpyzoe {9, 10].

MakeThl NHAOMATEPHMANDR

Macca, T . . . - P 2.5 3 & 10 20

Hnovwa, m . . - . . . . . . . ] 3 6.5 6.5 6.5

LupHKa, M e e e e e 0,8 1.2* 1.2 1,8 2.7

BRCOTa, M » « « + = + » » « 0B85 L1,3* 1.3 1,5 2.4
——
* [linane.



Makernl JHCTOBOTO METaRTA

Macea, T . 4 4 0 0 o 0,8 3.2 5 B 5 1¢

Jowwz, » ., . ... 05..08 ¢4...25 2..6 21..55 2..6 2...6

Dluprpea, v . . . . ., 03..05 05..1 5...1,2 1,2...2 1,8..3 1,6...3

Bricota, M . 4 4 v . . 0,3 0,2 0.3 0,5 0,3 0,6

Pyaonbl GyYmMaru

Eymara , . . v o 2 o v s 2 8 # s a » v » Q6ofinag | EELS GEE Kapton
H KHHIKHas

MACCE, T v v v o o = = 2 2 s = 25 v # & 5 &« Ne 0,6 Ho 0,

JIHAMETP, M . . v u u s o s o ¢ o o s = 0,5 ... 6,75 0.8... 0,9

DAHEA, M . 4 4 s o o v o v o n e e 06..07 0,32 ... 0,75

FMaKETI4 AUCTOBREIX CTPOHMATEDHANOB

MBCED, T 4 4 4 v s a s = v v v v s 8 s 8 . 1 1

JAMHE, M 2 4 v v v s o o s « v n v s v 96012 0.8 ... 2.1 1,2 .. 3,6

IIHpHEA, M . . o 2 s 2w s s = =« = s B3 52 0,35 ... 0.4 1.6 ... 2

Bucora, M . 1 0,75 0.5

NMpuseuwanie PasMepw BIHH NPH YCTAHOBKE JAMCIOR <Ha pelbpoe.
BabHeHbIC KeteacleTORNLIE CBaY

MiIcCa. T . v « o o o » » = = a = = 0,3 .61 0,72 1,39 2,74 5,28 0,45
A - T 3 6 3 & 12 13 14
LUIBpHaa CPEEM, B . = « « « = s + + 0.2 0.2 0.3 0,3 0,3 0.4 0,4

HenezobeToHHRE NINTH LTA JEETOMHEN JYNAAMENTOR

Macea, T . . 1,07 1,43 1.68 1,82 2,18 2,63 2,65 2,96 3.55 4.5

Dnnpa, u . .« 2,38 2,38 2,38 2,38 2.38 2,38 1,18 1,18 1,18 118

Nivpuna, ., . 0.6 0,8 1 1.2 1,4 1.6 2 2.4 2.8 3,2

Bucora, M . . . 0.3 0,3 -0.3 0,2 0.3 0,3 0,5 0,6 0,5 0,5
BowKH

EOUuH ., & . 4 v ¢ 0« o a « a & v v » = = JakaTuee JepepsiHbie

MeTannNnuYecKHe
125 280 325 165 400 500
469 614 676 515 625 740
690 BE2 ao7 670 77 770
0.1 0,20 0,276 0.1 0,12 026

Macea ¢ rpysom, kr

Jnamerp, Mmoo . . .
Escora, Mm - s omow
O0beM, w2 . . o .

e
=

Memki ¢ £pyscm

Maeca, KT, . . . . .« « 4 e = 120 75 50 40 50
Jauna (wakGoacwan), MM . o . 1050 900 625 870 950
lilnprna, Mm f e e e e 700 500 416 670 56O
IP¥E8 & v s = = = s a » s = s s+ Caxap, Myka, Llementn  AcOeet Copa
cupely KpYha XHMEKaTH
Tl
Macca, B . . . 225 510 50 o0 190 120 113 200
Fnuua, ma . . . 960 1390 800 1100 1250 800 800 1200
llepuna, ¥v . . 780 1080 800 720 450 700 600 700
I'pya « v+ » » Xnonok Xnone Bata Jlen Tewbka, lepets Kayuyw Byma-
®OUT- Ry T ra nHCe
xo1d TORAN

[MaoTiocTe PazsiMNHBIX NOPCH APEBecHnh NpuBeieHa B Taa. 1.3.

1-3. ManTaects {T/HM*} PasnHYHBEIX Napan AperecHHE

LocTonnne
EO3yiHO-
oy 00 noaycyxoc CHpOe
Mopoaa CREIKE-
BaamnotTh, A0 cpyGhetinoe

18 % 23 % | 15 %
Fat, ouxta . . . . + 4 » 0.45 0.5 0,55 0.8
COCHE . v v & v v a4 - 0.5 0,55 0.6 0.8
Bepesa, gRCTREUNMLE . . . 0.6 0,65 0,7 0.9
Aye, O¥K, rpab . . . . . 0,7 0,75 0.8 1
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1.1.9, TPEBOBANHS K KPAHOEHIM TPY¥303AXBATHEIM YCTPOHACTBAM,
ONPERENAEMBIE BE3OMACHOCTBI0O HX 3KCLINIYATALLKH

'Y, selAIOLKECH KaK 4acTho Kpana, T3K W CMEHHLIM KN HASCIIHBAEMLIM HA ero
KpIOK OGOPYAOBAHHUEN, AGIKHI YAoBIeTEOpATh TpeGopanmmm «llpaBun ycrpolicTra
B OezonacHON IRCNTyaTallsiy TPYy3oRoileMybix  kpauwon Tocroprexnaasopa CCOCP
[11]. Besonackocth skcnayaTanud oGECHENNBAETCS KAK KOMCTPYKINged Iy, tax
H RPOYNOCTLIO OTACMBbHBIX €ro SHEMEHTOB.

TlapaseTpst, B Tom uncie opna, pasMepli, MaTEPHAN HEKOTOPBIX THOOBLIX I'Y
MACCOBOTO H3TOTOBJAEHHE — KPIOKOB, K@HATHHX CTPOT H AP. CTANNAPTHIOBEHH M
NPHBEAERE! B FOCTax. Menee pacipocTanennbie Y HITOTORIAIOT MANLIMH CCPHIMH
BIH WHAMBHAy2THRO MO oTpaciesntm craHpapray (OCT) ¥ TeXHHUECKHM YCJICBHAM
{TY) oprannsaiuii, paspaCaruiBasouux 5TH yorpolictBa, KM npeinpuaTuil, nx
uaroroensiomx. B OCTax u TY noamul GbiTo opopyyIHPOBENLT # 22(IIKCHPOBAKEL
tpefonakns, npelbapisemsie [Ipapntann K yCTPOficTBY H HPOUHOCTH AAHRLIX ry.
Opranxzanuy (KONCTPYKTOpCKAA — paspabatuiBalowmas), NPOHIBOACTEE KA — H3TC-
TOBAMOILAS H SRCTIYATHPYIOan — Henoassyioman ['Y) oTeeyaroT 3a ero KauecTso
K cootpetcTBaC TpeGoBanuay IlpaBni, OCHOBIDIE NOJIOKEHUS KOTOPLIX SaKMOUAI0TCH
B CACTYIOLIEM.

I'Y, seamoliiecs oGOpYIOBanHCM Kpainos, 2 Takxe cremusie [Y 1o nycka
B SKCRAYETALMIO TOLNEKAT HOANOMY TEXNHYECKOMY OCDHAETENLCTEUBalHIO. Chemnbie
F¥Y, 1ic TPOMEALIHE TCXUHYECKOTO OCEMIETeILCTBOBAINS, K PaGoTe He NONyCKaoTes.
SaGpakosanubie cremtbte T'Y, a Taloke He Huelomke TpeSyemblX Knefim it Gpo ne
LOMMHL MAXOANTLCA B mecTaX APOHZBOACTBa patouT.

'Y, HBISOWONECH YACTRIC KPaHa MM MHIMBHAYANDHLIM CVeHHbBM Il Habec-
ALM €0 OOOPYRUBAHHEM ROMKHBI GHITH OPHENTHPOSANE HA pemuM paloTel, coOT-
percTsyrompii pexnuyy paCoThl MEXAHHIMA NOALEMA KPAHA (XapaKTePHCTHKA B aua-
7M3 PEMEMOB PAGOTL MEXAHHIMOB MONLEM2 KPAHA NMPHBEAEHDB! IHME).

Y, H3roTOBIAEMHE ANf OCE3NHYEHNOTD HCHOSB3OBAHHA, KaKk HaBecHoe 060+
pyZopanue, HOMMHIE YACBJCTBOPATL TPeCOBAHMAM, COOTEETCTBYIOWNM TAKENOMY
peximy paboti.

T'Y — rpeiipeptl # MAarBHTH — ACQKEM YIOBNETBOPATL TPEOOBEHHAM HCTOJE-
20BAHMA B THMEJOM I BeChMA THIKEIOM PEXUMAX SKCMIyartalkx. B uHCTPYKUME no
SKCRAYSTALEH COOTBETCTRYIOLIX KPAHOB ACAMUB GBITH YK23aHL YCTOBHS HX MpPH-
MEFIEH IS .

KOHCTPYKTHBHO [O POAY NPHMEHSTEMOrc MATEPHANA M TeXHONOTHH H3TOTORIE-
ung 'Y MaccoBoro MACOTORAEHHS IOZMHBl MATOTOBMATLCA B COOTBETCTEBHH C Jefi-
creyioiima nopuasy (TOCT), a TpH OTCYTCTBNH uX, B COOTBETCTBHH C OTPACIeBEIMH
crapaprans {OCT) w Texnmuecknmn ycaceusui {TY).

[paMenuTeNnEHO K TPY30NCAReMHBIM Kprokaw JACACTBYIOT CReAyloi(ke Hopwa-
uew. [lpu sarpysxe ceoiwe 30 kH (3 T¢) KpoKy JOMKNLI ¥CTARABIHBATLCH B TPa-
BEpce KpIOKoBOR o0OHME (M ApYrom sfeweHTe, BHNONHAIOUIEM Te jke GQyRKIlIH)
Ha TOLNATHHRKEX KAYEHHs, NPHUEnM KPENJeRHEe WX OT BEPTHKANEBHOID NEPEMEIEHMH
IOIKAO OCYWECTBAATHCS Pe2s00BLIM COEJHHENey C NPEROTEPAlEHHeN APH NOMOWN
cTonopholi NAAHKH CAMOTPOM3BOJLIOTOC CBPHYHBAHHA Faiiki ¢ XBOCTOBMKA HDloKa.
Croniopenite raiii wrihTamy, WILTHATAMA H CTODOPuUbME GosTaMi He NOUYCKAETCR.
Ilpn nApAMeHeHUH KPIOKOB €23 NPEfOXPaHHTEILHEX 3aMKOB HA MHX MOIKIO HABELH-
BaTh TOALKO ThOKHe anementsl F'Y, HCENIQUAOLHE DBO3MOMKHMOCTE BHINANEHHR HX
H3 36Ba KpIoKa.

Ha wampoM KpioXe AOIKHEL O6Th Hanecedn ofoznavennfl, NPEAYCMOTPEHHEG
cooTeercrBytopmy [OCTamH, & KPHKH CNeLRadbHOIO HCNONHCHMA NO/KHBE cHab-
WATHCH TACIIOPTOM € YKA3AHMEM MX 3aBOJACKOIO HOMEP3, TpY30NoAbeMHOCTH M MaTe-
pnana, H3 KOTOpOTO OHM NITCTOBJAEHLI.

IpH Texnuyeckd™ OCBMAETEALCTBOBAWHYN JOMKHC CHTL NPOBEDEHO COCTORHHE
Kpioka M Jeradell ero noaseckp. }zHOC KPIOK2 B 3eBe He Jo/bxer npesbiath 13 Y%
NeprOHAYANLHOH BHICOTE ceyenksn. COCTOSIHKE KPIOKa R JeTallell ero noABecKH, HCNOAb.
ByeMBIX As paboTil ¢ PACKUTABJIEHNLIM MCTAMIOM H MMAKHM LIWIAKOM, NOJKHO NPO-
BEPATLCA D& PEXE OHOrG pasa B rof 3ABOJCKol Jabopatopuell ¢ NpHMEREHHEM (s
BHYECKHN METOZOR KouTpoas. [lpy npoBepKe OnpefeifioT OTCYTCTBHE TPellHH B Ha-
PE3aHHOR YACTH KOBAHOTC WJH IUTEMIOBAHHOTO KPIOKE, OTCYTCTBHE TPeiiMH B Hape-
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1.4. Hopmia GPIKOERA KAKATA KPECTOROH CBHERY no Wncay ofpRIBOE MPOBOROK HA KAGHE GAHOTO
wara

KoHCTpYRUNH kAHaTa
Pacuetuuhl kosddu-

LMENT 3anaca npod- 6X 19 (14949 4 6x 37 {14-64-154 P8 14 (4o
HOCTH —+1o0. ¢ +15) 4 10 c. +6:6) 4+ 1o c
rocT 3077—80 rOCT 3079—80 rocT 308R—ED

G 12 22 36

Cosune 6 go 7 1 26 a8

Coniue 7 16 30 40

MpumMmevargna 1. JAan anaTop KoMnayplaol CTPYKTYpPHW pacvel GeiCTCH KAk
anA xamaroe GX19(1 4919 4+ 1 o c.. npiied GOphis Toneoll NPOBRCACKE RPHHHMACTCA
sa ], a obpwmB ToacToll 3a 1,7. Insilan

2, Jng KapaToB KOHCTPYKLHIL, He YHAIAEHHXK B Talaule, NPHHUMAIOTCS ASHUKE KEK
AZIA KaHaTa, yRazaiinoro B talnuue ¥ ganbonee GNN3HOIO NO YHCAY NRSLEd ¥ NPoBOScK, YMio-
MEHHBIC HA OTHOWEHHE YHCAA NPOBOAOK B HADYIKHOM {108 ODAAN.

anKOil NACTM BMJKH IMACTHEYBTOLO KPIOK2 M B OCH COEAHHEH!NA NAaCTHINZTOTO
KPIOKA € BHAKOH HAH Tpapepcoit.

Kasatnpie ¢Tponk! moryT GLITb KaK 3aMKHYTHIMH, TaK H OTEPLTHMM O0HO- M
MHOTOBETEEBHME C Epioubsn# 1a cBOGOJHEIX KOHIAX (TeXHHYECKHe Janlue No cTpo-
nas npapenens B 0. 3.1), Hounnaneroil 005 CTPON CYHTAETCH  FPY30NOALEMHOCTD
npu yrne mexay serBsmu 90°. [Py3onoxneMuects CTPONOB, LENEBOr0 HasHaueHns,
npediasHauCHEEIX AJA NOTHEMA ONPEALTEHHOTO Tpyaa, NOMKHA OLITh YKa3aka npH-
MEHNTEILHO K COOTBETCTEYIOUIEMY YLy MeXIy perssnd. Koncrpykima wnore-
LCTBCBLIY CTPONODR JIOMKHA ubeCNeynBaTh PADHOMEPHOE HATAMEHNC BCEX BETBCl.

Hatnxxenne S DETBH YETHIPEX2aXBATHOTO CTpoONa 3aBHCHT OT YIJa G Hakaona
ee K Bepruxanu. [lpn sece Tpy2a Qr S 0,25 Qum, rie m = 1; 1,15; 1,42 ccor-
petcreenie npi o = 0; 30; 45°

CTponibt 13 CTAJALHHYX K3HATOB PaCCYATHIBAICT, HCXONR M3 YCHAMs B TETBR CTPONE
¥ KO{pULUHKEHTA 3anaca NPOYHOCTH HE MEHLIIETO WECTH MO OTHOMEHHID K Pa3pHB-
HOMY YCHIMIO KaWata B Liejov. BpakoBka cTanpiiLix KanaToe cTPONOB ACAxHA npo-
H3BOAMTLCS NO YHCAY OOpLIBOE DpPOBOJOK H2 JfiMHE OfHOTO 1uara cBuBKM (Tabm. 1.4)
H N0 TMOBePXHOCTHOMY M3HOCY WIH KOppPOSHH NPOBOMOK.

Hopupt GpakoBkn KakaTa CTpona B 3aBHCHMOCTH OT TOBEPXHOCTHOO H2HOCA
WIH KOpPpPO3HH IPHBEIEHE HILKE.

¥MPUBIIEHNE SHAMETRA NMPORCACHT B PESYALTATE [0~

BePXHOCTHOFG H3HOCA MAH KODPDO3HH., % . . . . 10 15 20 25 30 u Goaee
YUncao oBpEROE NPOBONOK HA LLATE CREBKH D Npo-
LEHTEX OT HOPM, YKasaHuux B 1ata. 1.4 . . . . 85 75 70 60 50

TMpumenann A 1. Onpgeacaedile HEHOCA AOAMHO NPOHSBOAHTECA MHKPOMETDOM HA
YuacTHE [ianBoabluerd H3noca.

2. INpu ofiuapyxeniH B Kanate oGopeapnolt npaar crpon k paneucluied paCore He
AOTIY CHAETCH.

CraoHHE KaHaThl, HCNOJBIYEMBLIC M1 H3TOTOBNEHRH KaBaTWHX CTPONOE,
NOMmKHL  YAOBIETBOPSTE TpeCuBaHusm, uanomenumn B TOCT 3241—66 «Kanatn
craasHue. TexHmueckuce TpeGobanus». COOTBETCTBHE HM ONpCAEARETCs cepTHdika-
TOM, BLIAABAE HIM 3aBOJIOM—H3TOTOBHTENEM KaHATa, WIW JafopaToplbiM HCCIEAC-
panmen o0pasna, TPoOBEIEHHOM Ha MecTe HITOTOBNENMA cTpona. IleTas cTpona, co-
NPAMEHIAs C KOABLlaMH, HPIOKaMM © JIPYTHMH A€TAJIfMH, ROMKHE BLINOJHATLCHA
C DNpRMeHeHKeM KOyila MyTeM 3amfeTKH cBoGOAHOre KoHila Kauata, YCTAHOBKN 3a-
MMAOB HAH APYTHMH TPOBEPEHHBIMH CROCOGAMH.

TTpy sanneTke uMCIO APOKOAOB KAHATA KaKNOH NPRILIC BONKHO OWTH: He me-
Hee eTwpeX npH Kanate AMAMETPOM N0 15 MM, NATH -— NpE KaHate tnamerpom 15—
28 MM B LIECTH ~— NP Kauate fpamerpom 28—60 wmm. Tlocnemdt npokoa xaxncd
NPAAbIO IOJIKEH nPOM3POXHTHCH NONOEKHMMN NHCAOM e¢ nposonok. Honyckaeres
nocAenHNil OPOKON NENaTh NOJOBHHABIM MMCAOM DpAnell Kanata, [Ipm npusetienus
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AA7KHMOE KOJANECTBO MX OnpenclifeTcd DPAcueToM, HO NOAXHO OWTh Be Meree Tpex.
lar pacnonoMEnns 3MKUMOB K ANHHA CEOGOIROTO KOHUA KAHATA OT NOCAEANCTC 3a-
JKHMA JOAXHL GBITh P2BHE! HE MEHee WeCTH LHAMeTPaM KaHaTa.

INoMOMO CTANDBELIX KAHATOB 1Al R3TOTOBNEHMS CTPONOB (H TPY30BMX CETOK)
LONYCHAETCH TIPHMEHEHHE MEeNbROBHX H XJONYaTOCYMAXIBLIX aHaToB, a TAKNKe Ka-
BATOB ¢ BOJOKHSMI H3 CHATETHYECKHX MATepHanoB. KAHATH JIONMHH COOTBETCTRO-
BaTh W YNOBIETBOPSTH TpeGosannsim, nanoxenasiy B FOCT 483—75 «Kanatu nesie-
koeeres; TOCT 108871 «Kanata cusambcknes, [OCT 10203—77 «Kanate xanpo-
noBHIE. TexXnHUYeckHe YCIOBHAP.

Crpons W3 yKA3AHHBIX KAHATOB PAacCUNTHBAIOT TAK e, KAK d A3 CTAJBHHIX Ka-
HATOB TPH KOS(MPHUMEHTE 3aNaca NPOMHOCTIF Be MEeHee BOCEMH. 3nneTHa NeTsn
¥ MeHBKOBOTO H XI0m4aTofyMamHOrO KaHaToB AOMKHE HMETh HE MeHee ABYX noi-
HLIX W JBYX NOJOBHUH X TMPoGHBOK W JOmKMA OHITb OMMeTeHa.

B uenHWX CTPONAX LENH JONMWHE COOTBETCTBOBATH 1t YAOBAETBOpATE Tpelo-
pannfy, naaoxennny 8 TOCT 2319—70 «llenn ¥pyrao3BendEe IPYSOBHIE B TATO-
Bli€ HOpmanbHoii npogynoctes, TOCT 228—65 «llenn AKOPHEE CBApHLIE. Herann
B yaaul. Pasmepol B Texuuweckme TpeGoanks», TOCT 6348—71 «llenn skopubie
nutoie. Jetann 0 yaam. Passepul jr Texhuucckne TpeGopanus». SKOpHHe LETH mMo-
TYT npuMeHsiTecA ¢ pacropxamu 1 Gea umx,

Lleny A W3FOTOBNEHHA CTPONOR MOMMHH HMETh CePTRQHKAT 23ECAA-U3IOTo-
BHTEns o6 uX menmTaHud § cootsercteukr TOCTy. [pn otcyTcTshH cepTHdHKATa
COOTBETCTBHE onpelcasercH JMaGopaToPHBIM HCCIENOBZHHEM, BPOBCACHHLIM H2 MOCTE
HATOTORJICHHA MR NPRMEHeHHNA.

Cpamupanie ueneil HONYCKAETCH yTeM aleKTpo- nad KY3HeuHO-rOpHOBO#H
CHAPKH HOBGIX BCTARAElMBIX 3BEHLEE HIH € TNOMOILLIC CRElNAdLHBIX CORLHIIMTEND-
bX 3penveB. [loche cpamuBaues wenb JOJXKHE OnTh HCnbiTana. Pacyer ctporos
H3 LeRCH JOJKCH NPOBOAHTLCA HCXOAS H3 YCRINA B BETBH CTpPONa H Ko3{pHUKEHT2
33118 MPOUHOCTH HE MENHEE NINTH N0 CTUOIIEHHIO K paspyisaowedi Uens sarpyage.

C1eMHBE, HABEIIHBAEMIE A KPiOK Kpana Y — 3amnnube, namyatue H op. —
ROJKHEL H3COTOBASTLCH MO YTBEPMIENNOH TeXHHYECKOH JOKYMEHTALHM, TNPHYEM
DPH NPHMEHERWH N7 HACOTOBJCHHA CBEAPKH B TEXNKYECKOH AOKYMEHTaUHK JROJKHLI
COABPIKATLCS YKA3AHHA [0 METONMKE €€ BHIIONHEeMHA M KOHTpomo KavectBa. Chem-
puie [Y IOMKEB HueTh KJEiMO WIR NpoukC NPHKpPenIeHRylo GHPKY C© yKasaHuem
33BOJICKOTO HOMEPa, Er0 FPY20OTOALCWMHOCTH o N4TH HCHBITAHHS.

Ceenennin o6 USTOTOBJEHHMX CheMubix I'Y JOMMHL 3ai0CKTLCA B MMYDH2A WX
yyeTa, B KOTOpOM GUKCHPYIOTCS IPY30TONBEMHOCTb, XApaKTepPHCTHKE W Homepa
TeXHHYECKHX NOKYMENTOB, NO KOTOPHIM OCYLIECTBIANOCL H3TOTORJEHHE, B TOM YHCAE
CepTH(JMKATOD Ha NPHMEHEHHHE MATEPHANLI H PE3VALTATL NPOBEPOK KAYECTDA HIZe-
JAHA I ero  NCAnIT2NHA.

Ipefihep {(TexnuyeckHe Jailipie npuseiess B AN. 2.1—2.5) 00 KORCTPYKTHEHOMY
BLITIOTHEHHIO ROVDKEH GbITh MEXAHHAMOM, RCKIIOYAOUIHM BO3MOMHOCTE CaMONPOH3-
POJBIOTO PACKPHITHA. PAKTHHECKOE KONKHUECTBO 3aueprLIBAENOTO TPn padoTe ma-
TepHata KaHHOrO BHEA, a CNEOBATEILHO, Il BMO MACCA BOMMUBl ONPERCJAATLCHA He-
NOCPEACTBERHEM B3BEUTHBAHKEM nOCHie NPOGHOTO SadePnLIBaHHA, KOTOpoe AQAIKHO
APON3BOAHTECH € FOPHIOHTANLHON MOBEPXHOCTH CBEXEHACHNAHHOTO TPY3a.

Tpeitdep nommen wMeThL TaGNHYKY € yXasaHieM 3&Bofa-H3rOTOBMTENH, 3dBOA-
CXOTO HOMEpA Malenus, Macchl R ofpesa n JonyctuMoil Macchi 33u€pnuiBAEMOTO Ma-
Tepuada. ['pefipepsl, M3TOTORIsEMbe Kak CaMOCTORTETHHHE H3fledlis (nocrabise-
MHE OTAENLHO OT Kpana), BOMKHb! ClalkaTsees NACHOPTOM C YKa3dauuen EceX NaHHLIX,
NpenYCMOTPERHEIX TANOBHY nacnoptom kpawa [11].

I'Y Bcex THNOB nocle H3rOTORAEHHS HOAJCGKAT TEXNHYECKOMY OCBHAETeNb-
CTBOBAIMI0 HA 3aBOJE-M3TOTODHTENE, A [OCAe PEMOHTZ Ha 3aBoJie, NPOHIBOAHBLIEM
pemoHT. 1IpH 9TOM OHH ADJKNEF MONBEPraThCs OCMOTPY H HCABTAHKIO [0X Harpys-
xoit B 1,25 pasza, npeBslitaomiefi HX HOMHHABBHYIO [PY3CNOABEMHYIO CHITY.

[Npr sxenayatauan Y, wBAfIOnHecs HEROCPEICTBEHHLIM OOOpYyAOBAHHEN Kpa-
HOB, TIPOXOAAT OCBHJETEJILCTBOBANKE COBMCCTHO ¢ kpanod. Cremmme [Y  gomiidl
FOABEPraThcH HX BAZJENLUEeV REPHOMHUECKOMY OCMOTPY:

TpaBepck — Kamaue 6 mecsuen;

KJEWEBHE H JPYrHE MeXaHnyeCKHE FPY303aXBaThl — KAXIMA mecsly

cTponkl — Kaxawe 10 ppeii;
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PENKO NepHOAMUCCKH HCnoAL3yensie cpeMubie ['Y — nepen sunaseit nx s paloty.

B wmecrtax skenayatanny cvemubie I'Y Hafo cHa(maTth UHAHBHAYAJBIGIM HOME-
POM M 53 HMAM SAHOCHTE B 2KYPHAJ YNeTA TPYSONOALEMILX MAlUNN K cLemubix 'Y
NPeAnPHATHE Hau Uexa. B mMypRaT JOMXNB 3aNHCLIBATBCA BCE OTKaShi, HMEDILIE
nMecto npu skenayartaupn TV,

Ins ofecncuenusi GeaonacHoCTH NPOH3BOACTBa pafoT m yao€cTBa HX NpoBene-
HEA B TEXHHYECKoH NOKyMEeHTaluK M3NesHA (rpy3a) JOMHKHL ObiTh yKasann cnocelil
[paBuiLHON CTPOMOBKR TIPY3oB, He HMEOINHX CREHHAaALRLIX YCTpoiicts (nerenb,
poimeB, Uznd u ap.). Jomkisl ObiTe ¥Razakbi croccOLl o0BA3kH Aertancil w yanoB
MalliHH, NOAHMMAEMBIX KpaHavil BO BPEMS MONTAXa, AENONTANE M PEMOHTa, 8 Takme
HNanW YKA3aHMA o mpuMeHsewmblX opH stom T,

Tpadryeckne HaoGpamenns METONOB CTPONOBKH M npuserenns 'Y Jomkin
OtiTh BHIBEMIGHH B MECTZX NpOH3BONCTBA patoT, a B 1IE0OXOAMMEIX €AYuAAX BLIAZHEL
Ha DYKH CIponaJkilHKan.

B nacnopte kpana foMxubl ObITE YKa3anbl CRENVIOLiHe CBCACHES:

anst xpioka — FOCT wa Texenueckue tpeGoBarusi, [OCT nma napaserpn, Ho-
mep kpioka no [OCTy, rpysonoateMHOCTh € JUETOM DPEXHMA PaloThl MeXalinama
noakeMa KpaHa, 3aBOf-HILOTOBHTCHE;

Ins rpefidepa — BHI maTCpHana, AT NePerpyaku KoToporo rpedidep npeina-
suayen, HauOOABIIAN Macca 3ayepnHBaemMoro MaTepuana, macca rpelidepa, 3asop-
HarotosHTe b, 3aBOfckofi Howep rpefidepa;

Jilfl TPY30BOrO SJeKTPOMAINKTA — THIT H MACea SNCKTPOMarrnuTa, Fpy3onoibeM-
HOCTE NPH paGoTe €O CTPYMKOM, YYTYHHEIMH YYLIKaMH, ChPanow, GoaBaHKamM KIM
TUIHTAMH, 32BOX-M3TOTOBKTEAb, 32BONCKOH HOMED SJeKTpOMarkaTa;

ANS APYTHX rPY303aXBATHWX OPFatioB — THI M TCXHHNECKAH XADaKTEPHCTHKA,
IPY30NONBEMEOCTE, Nacca, 32BOA-HITOTOBNTENb, SABUTICKON  HOMEp.

1.1.4. HAJAEXHOCTHE ¥ NPOYHOCTHEIE PACYETH TPY303AXBATHHIX
YCTPOKCTB

Cpok cnyubm T'Y 32BHCHT OT KOHCTPYKTHBHOFO HCMOQUHERHA H HHTCHCHBHOCTH €T
HCTIONb30BAHUA. 320aHHBH Cpok cAYXKOu I'Y BBHIEPIKHBAKT JMLb OCHOBHBIE ECY-
UIHE 37eMEHTH, KEKOTOphe meTalr (ryGxu, BTYaKH H Jip.) HEOOXORHMO 3aMENRTDH
B mpoliecce sKennyarauki. TIpU NOBHLUeHHH cpoKa CIyXOul TV nyTem yBenmuerns
PA3MEPUE OCHOBHHIX H H3HAIIWDAEMLIX NeTaleli Bo3pacTaer €ro Macca ¥ CTOMMOCTh,
HO CHIDKAIOTCH 3IKCTAYATALHOHHLIE DAcXojbl. }lMeercs ONTIHManbHa® 30Ha CPoKd
cay#01, B KOTOPOH €} MMApHHE 3aTPaThi MiEHEManbuu (pHe. 1.1). Ee rpaunus onpe-
JEAROT, TPOBOAA COUTBETCTEYIOUIME TEXHHKO-SKRONOMHUYECKHE PacueTs!, KoTepLie
YTOUUAIOT H KOPPERTHPYIOT NYTeM CTATHCTHYECKOTO aHanlisa pe3yJ/nraroB OnbiTa
sKCnAYaTaluy ananoruynex T'Y. Beuay muorcoCpaswa kowcTpykumii I'Y B oTcyT-
CTOHA CTATHCTHUECKHX AZHHMX 00 nX paborocnocoGHOCTH OOWMYNG HCMOABLSYIOT pe-
SyA&TaTH TCOPET HuecHMX pacueToB. B peaibHbix KOHCTPYKIMAX, NAlKe NpPH 3KCya-
TaNHE B MPEIeNax ONTHMaNbHoH SonH Walexart OTKason Henodmoxno. Hirencus-
10CTL HX ORPERAfAeT cTeneHs Hajexuoctn TY.

OTrasu soryT OHTh DHE3aNNLIME, NPOHCXORAUHMH B Pe3ysbTaTe NOJIOMOK HIH
NaPYLEHHs PEryaHpoBOK 3AemeHTOB TV, I KONTPONHPYEMBIMH, CEA3AEHLMH C 3a-
menoll ASnOcHBIIKXCH 3nemenToB. [Toenenhue B ['Y DPOKHCXOAAT peAKo.

Kaaccuaniiaing 0TKa30B, HX PETHCTPALHA, & TAKKC YCTAHOBNCHHE BPeMeHH AR
AUKBHAAIHK NPOCTOES OJUPYAOBaHKA NO OpPNYHHE OTKA20B, CO3Aa0T NPERNOCHAKE

JUTS COBEPLUEHCTBOBAHNA  HOH-

Sona Glugue CTPYKUHIL
INERIN DHHEEL r
omUMEALHOZE ﬂsgf"';:ﬁ::’ ¢ Cpok coymept ry, yera-
- cpane Eayndt HABAHBACMEIT B 3aBHCHMOCTH
B ', 1 Lmouspcine 0T MUTEHCHBHOCTH HX  KMC-
% N0AB30OBAHUA,  OnpeseasercH
g JRcnnyanmayaohse KCOJIYaTaiul  Me-
g t ot PEMUMON 3 yaTail
< —
;i
Cpon CAymB Puc. 1.1. 3oRa cnTHMaALHOR
aoaropedrocTn T'Y
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1.5. Xapmrrepnc'mua PeMHMOB PAGOTE MeXaAHNIMOB MOXBEMA KPaHOR N0 NPARBAXAM
Facroptexmansopa CCCP [11]

Pexum paloTH

Cpepiice  HOnyYCKaEMor .
HCNOALIOBANHE MEXEHNIMOE Tamenpfi BecnMa
JNerknn J1 Cpemnul Oy T Tseneh BT

To TpY30noABCMECCTH, Kl‘p P 0,25 .1 0,75 0,75 ... 1 1
Tlo epemenn:
B TEYEHHE rofa, K[‘ s eem . Heperynnapuas 0,5 1 L
B Teyenve cyToK, K, PR perkas pabora 0,33 .66 1
NMEB (ras 3suexTpoobopyposa-
WaA), %0 . o . 0 .00 oL 15 ... 25 15 ... 60 | 25... 60 40 ... 60
ucno ekawuennfi B uac (cpep-
HCE 28 CMEHY) . + + . o . . . 60 120 240 300 .., 600

XaHH3Ma ToALemMa Kpava, TexHHueCKH pexHm SKCNJAYaTAUMH ONpepetsercH
pasnuunbiMY  AOKYMenTamn — nopamamu Focroprexuagsopa CCCP [11], PTM Mun-
Txmaima CCCP (BHUMIITMALL)  cranpaprow C9B PCHI38—73, crampgapToM
HCO Ne 4301, npapmnnami Epponefickoil ®efepantH N0 [orpy3cuHo-pa3rpysou-
BEIM MamaiEas (O3M). [TpuBeleHHEe B HHX AagHLle, XOTA H GIHIKH Mexpy coloil,
HO HE CAHO3HAYHEL,

[No ppaemiav TocropTexHag3opa peEM IKCIAYaTaul 34BHCHT OF CTENENH
ICTOAL30BAKNSA MEXAHH3IME NOALEMA [0 rPY20ONOLHEMHOCTH M OTUOCHTEALNOrC Bpe-
MEHM HCnoNL3oBakka (Tabm. 1.5), no PTA Muntsmmawa CCCP (BHHMITTMAILLY
OT KJaccoB HarpPyKeHMA B MCNoAb3obanua Tabh. 1.6—1.8); npumepno Tax e onpe-
AeAsRTCH PexMv pator no nopuam CIB, HCO, O3M.

Hopuet no PTM Munrammama CCCP paspaGoTanpl 3RAYATENDHO [O3Ke, Yew
nopmet [ocropTexHazzopa, W YUHTHBAKT HAKOIVIEHHHH B TOCNEARKE TOHH ONET
SKCIyaTaluy gpanoB. Oud faloT Gonbllyic arddepeHlraliio PEXKHMOB SKCIIyaTa-
UMB, ueM 3TO NPEeRyCcMOTPeNo Hopwmass [OCTOPTeXHaAsopa, M BOSMONKHOCTE Goaee
TOYHO ONpPEUeTIHTL 3TOT PCAHHM NPHMEHHTEALHO K 3arpysKe KOHKPETUOTO KPaHa,
YTO CYLIECTBENNC BaXUIO IR OUEHKH AOJTOBEYHOCTH CFO SJEMEHTOR,

Tlpu cepuitnOy NpoM3BORCTBE MAIRH PEKOMEMEYETCH OPHENTHPOBATHCT HA pes
JUML 9KCAyaTalkd no Hopme [ocroprexHazsopa.

1.8, XapakTepHCTHEL KINACCOE HACPYXCUSA McxaHuamor no PTM Muntsxmaima CCCP
(BHHHRTMALL

Knace KoohdMBHEHT RNepeMEHHO-
HATPYIKEHAR CTH  DArPYSKH KQ PaGora npit warpyskax

H 0,5 Bo 0.5 MasBX ¥ 0YeHb PEAKO NPH ADMEHZABHDIN

H 0,63 Coerwe 0,5 po 0.63 Jo 0,33 or HoMERaneNOH B DEKO MpA HO*
MMHANLHHX

H 0,8 Cenie .63 go 0,8 Or 0.33 po 0.67 OT HOMHHaALHOA M ¥acTO
Ops HOMMHANEHBIX

H 1.0 Conte 0,8 go i BAHZKNX K HOMHHAABHOKN

Npexedan e Kospduuneur nepeMeRnocTy Halpy3kH

3
T3 1
K =]/§:(w;__) e
Q QHD]\] 2‘! ?

TIe §; — TpY30nopbeMHOCTE B NEPROJA tiz Qnom — HOMHHARNEHARA TDYIONOLBEMHOCTEY
Et{ « TIEPEOH, NPUHHMAEMHI! papEEM 1 1.
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1.7. KppakTepHCTHKA KNACCOR HEnoau3onauud Mexanuamos noe PTM Manrrsmmawa CCCP
(CHHHITYMALI)

HWAHCC HCNOAB3UBANHA

ITapaserp 5
MOS | Mo | ma | ma [mio|mae]  me3 Mi25

CpefiuAfn oTHOCHTENLHESR
NPCACT R ATCILHOC T

BHAIGYEKHA , o o o o o | Mceuee | 0,1 | 0,38 [ 0,25 ] 0.4 | 0.63 Cebile Cruite
0,1 0.63 0.63
Cpennce zpeda paGoTh R
CYTHH, 9 . .+ o » « o |23 0,5] 1 2 4 ] 16 Cewme 16 Cewiwe 16
Fosdmunent cytounore
HCOOABSCBaHHA Ko . - D,02 0,04 | 0,08 0,16 | 0,33 | 0,66 Cablue Cusiie
6,66 0.66

MakcHMARLHOE YHCAG Ya-
cob patorel (X107} , . 1 2 1 B 16 3z 63 125

Peroxenpannn CIB no PC 5138—75 nipeaycMatpiBaloT YCTaHOBJIENHE PCKHMA
paGotst (126m. !1.10) B 3aBHCHMOCTH OT KJACCOB Harpy:enua (TaGi. 1.9) n ncnone-
3oBanis. XapakTepHCTHEA KAACCOR HCMOMB30DBANHA TPHDEAEHA HIDHE:

Kaace Hcnoabrosanu Al AZ A3 A4 AS AG
CpeaHECYTONNUE  BPEMA
paoTH, 9% . . . . . . Ho 1 1 wee 2 2 .. 4 4 .. 8 8 ... 16 bBonee 16

ConocTapacine pekumoB paboTH no NPIBEJEHHLIN HOPMATHBUEIM MaTepuanam
o OTHOWENAK K ©230B0uMY AOKYMEHTY — npapmiad locroprexnajssopa Jano
B TaGa. 1.11.

T'Y, M3roToBAReMLIE JUIH OPOK3BONLKOTO BHAZ paboT, cornacko npzeriaM [oc-
rOPTeXHAI30PA AOMMHEI YROBNETBOPATH TPeCORAMHANM TIMENOro pemnna paborh
M CODTBETCTRYIOWMM pCHEMAn [0 JPYTHM HOPMATHBAM, nphbeieHHLiM B Talm. 1.11.

[.B. XAPZKTCPHCTHE? PEXHMOB SHCNAYATATWYH MCXAmHAIMOB kparce no PTM Munrrmmawa
CCCP (BHHHNTMARL

KJaace MCHoNbLaoBawuA (ne taba. L 7)
Kanace Harpyme-

uun {no raba. 1.6}

MD.SI M1 | M2 1 Ma M16 | M32 | Mb63 |MI25

H 0.5 1 i 2 3 i 5 5] 7 8
H 0.63 1 2 3 4 5 6 7 8 §
H{.8 2 3 4 5 G 7 1 8 8
H 1,0 3 4 a 1] F 8 8 f B
1.9. XapakTCcDICTHEA KASCCOB HATPYKEUHA 10 1.10. XapdKTEPHCTREA peXHMOB
PC 5I38—75 patoret no PC S188--75
Kanacc Koagdumuent Pt Knace Kaace  HCNOIbIOBaHU
HATpY- a0ty HAIPY-
weinn | FATPYARH Ko wenws| Al | A2 Jas |aa [as |as
131 e 0.6 Pepran npn Manbx  Ha-
rpyaskax Bi 1 1 2 3|4]5
B2 0,5... 0,63 Tpn cpefuitx M peAXo HO-
MHHBALELIX HAMPY3IKAX B2 1 2 3p4|5]6
b3 0.63 ... 0,& IMpe narpyaxax, GHH3KKX B3 2 3 sts5lels
H HOMAHAJILHbLIM
B4 Gonee 0.8 TIpeHMY I CCTBENHO npe B4 3 4 3 6 6|6
HOMHHAALHBIX HATPYSKAX
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1.11. ConocTaRZEHNHE PeXNMOB PaGoTLt MEXAHHAMOB TIOLLEMA KPaHOB
no HOpPMATHEALIM ADHyME!lTaM

HopMe1RBE LA IOKYMORT Pexum paGoTel
lNpaenna NocroprexHagaopa Jlecrui J1 Cpepuuit C Taxenuh T Becbr;!a ggrme-
Akl
PTM Muptammanma CCCP 1, 2 3. 4 5 6 7 8
(BHUWHIITMALD
Peromenfannn  CIOB 1, 2, 3 4 ] 6
PC 513875

Ilo garnpiy Tabn. 1.7, RATPYXKenusocTh NpM Kiacce henosAb3oBanaf M8 onpeae-
JafeTes caenyoumvi napamerpasi: 1B = Q,25 0 MaxkcHManLHOE 9HCJIO YaCOB pa-
GoTel 82 cpoR cnywbu cocrasiser 8- 103 %,

Ipr 510M KajNeRZapRbIE CpoK CAyHOB
T = 8000/0,25 = 32 000 1

T = 32 000/(254-8) = 16 aer,

YTO SIBJTAETCH NPHEMJIEMEIN ANA cLemubix Y.
UKCNO UMKNOB Z nOJEEMa SABHCHT OT NPOROIKHTENLHOCTH LHKAA Hy

2= Tlty.

HI¥ TP# oRuocveRHolt paGote

Pacuerhieie nannwbe no QHCAY LAKMOB NOAEEME NpHBEAEHE! HHXKE

IpopAon HHTENBHOCTE IMENGE
NoALeMd. MHH. + . . . . 1 2 3 4 B [ 7 a ] 10 15
Uneno UHKAOR NOABEMA:
sa cpok caYxOo (X 10%) 1920 960 640 480 384 320 274 240 293 192 128
cpcOoHee 3a | 4 Kanewpap-
HOTG BpEMCHH . . . . . G0 30 20 15 12 10 86 75 7 ] 4

IMpononmiTeAstoCT MiSKAZ 3aBHCHT OT CKOPOCTH © BHCOTHL NOAbEMa TPysa
A IJ1% KaXaoro Kpana HMEET cBoe 3Hauenne. [Ipw pacuerte cwemuoro [Y na noarosen-
HOCTbL MOMHO OPHENTHPOB2TECA HE CPETHION NPOGIMHUTENSHOCTE LHKAA NOALEME,
paenyio 6 MuH, TOTA@ uHCHO HUKJOB 3a cpox caymbum Ny = 320.10%. Jlan necwem-
HerX [Y wmomuo npunnmarte Ny = 640-107 unknos.

Ipu pacyete I'Y, HHTEHCHBHO HCTIONB3YEMLIX HA TICCPYSOMHLIX paGoTax, HANMpH-
Mep rpeiidepon, cAeAyeT HCXOIMTL M3 Menbllell NPUXOMKHTERLROCTH [HKAA, PABROA
npuGanantensne | mun; rorna My == 1920-10% uuxnor 32 cpok cayxOut.

Hopuamn @FM ycranasAupacTca yCloDIGE SHCAO pafodMEX [HKIOBE NOLBLEMa rpysa

A5 PAIAHUHLIX HAACCOB HCNOAL3ORaHMA. Tak, aAa wiacca G, COOTRETCTRYIOIEIG THHEIOMY
FeRMMY sucrmaYarauuu N = 0,63-10° 3a noAHufA cpok cAymSol. S7T8 BEAHWHHE CODTECE=

CTBYET MPOACDEHTENLHOCTH UHKAZ 3 MR, T. €. 20 QUKAAM B 4ac, UTo NOATHEPMOAET OOOCHO=
BAHHOCTE TNPHBEAEHHDIX BLlilE AAHHBIX.

DaemMenTUl PACCMUTHEBZIOT HA TPOYMOCTB TPH ZEHCTBHHM JBYX WarpysorR (mea
Cnyyuan HArpyHeHus):

1} MaKcHMa/bHLIX paGouero COCTORHMR, T. €. 00 HOMMHAEJBHOH Harpyske ¢ yue-
TOM  ROMDOMUHENTa AMHAMHUHOCTH;

2) SEBHBAJACHTHHX Paloyero COCTORHHA.

* Ans CTPORTCARHHIX Kpawow — OanienHuX, TYCCHHUYHHX B ApYrHX, HCNOSbSYEMLX
Ha paﬁD'rax MOHTAaXHOTO X2piakTepa ¢ GOJ‘Imeﬁ AABTeNLHOCTR IO IHKSTa, — YALHOo 4YaCoB pa=
GOTH 3a CPOH Sy KK Moxer OHITE CHHXCHE RABOE — Ao 4000 u. Beuay 'mMekblierg suavenusn NB
MEXAHHIME NOLLEMA IPY2a KalcHAADHWE Cpok caysfu [Y He cuuaures,
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T'Y paGoTaeT NO NYALCHPYIOWEMY OUKAY MATOH YaCTOTH NPH OfOM BHAE Ha-
TPYeHHs — BeCoBoM, TOITOMY PACCYNTHIBATL €0 JIEAEHTEHI venecoopazno No
Jonyckaespiv HanpsoreHusm. Koapduument 3amaca npodnoctd

%= Oponf/Tpaca = "pou/Trace®

tne Opoqe Tpap — HoNyCHAENMHE IanpsKeHER IAST NPHMEHAEMOTO MATCpHANA, 3d8HCAULHE
OT TG MOXaHNUECKHX KOHCTAHT {npefefla NPoYHOCTH RJH BPEMEHHOYC CONPOTHBREHRA O,
npefiedia TEKYUECTH Op, UPEARNa BRNOCTHROCTH OPH CHMMETPRMHOM O_y H AyAscHpYIOmen G,
UHKAZK BACPYWEHHR); Opapy Tpacu ~ PACHETHEE HODMANLHOE M K2CATEABHOS HANDAMEHHSA

b snemenTax Y.

3aBUcHMOCTH NMeXJY DPelefian TeKYYECTH RpU PACTIXEHHH O1, By narube Og.u
H KPYuEHNMH Tgy OHPENeIRIoTes CACAYIOLLKMI COOTHOIICHHAMH,
npu uarube

Fas yIepomuctsix cranell Org== 1,207 p
LS NETMPOBAMHBIX cTafell O g = Oz.p;

NpH KpYueHHH
ANS YIICPOAMCTHX K JErRpoBaHubIX cranefi Try = 0,607, ¢

3ADHCHMOCTH MEXKIY NpeleiaMil [MPOUHOCTII M BLIHOCAHBOCTH HMEIOT CAENLYI0-
it BHA;
npyu HaruGe

Ans yraepoguerhix craneft 6_j = 0,430y 0y & 0,705 < O
AN ZerupopaHdmX cTajell O.j = 0,4305; 0p = 0,660, < O
IPH  PaCTSKERHH
ana  yraepoxscrmx craneil ©_g == 0,380, 0y == 0,630 < O3
ndf  JeTEpoBakubIX cranelf O.; = 0,380 Op = 0,580, « oq;
OpH KPyHeHHH
AnA  yraepopdcteix  cramedl T_g = 0,220 T =~ 0,300, <
Ans  JerspoBanumx cratedl g = 0,220,0 Tp &~ 0.3405 < T
KoabipulyenT 3anaca NPOYHOCTH £ MOXHO ONpElefuTh TaK
n = fyfipMNg,
rac A, — KosbdHunenT, XapakTepHayowpll oTRETCTBEIHOCTE 'Y {(gaa rpefdepor ny, = 1,2;
A CPY3038XBAT0E OCTANLHBIX THOOBR 1y = 1,3); A, — HoshdMUMEHT HAarpyakH, 3aencaawnd
0T pexumz paborw (pma OV caenyer NDHHEMATE Ry == 1,3); iy — KoxdduuenT 0JROPOANOCTH,
yiLTRpatoWil BAHAPHE BEHYTPCHHNX NOPOHOB MaTEpHaAz (gns oTauBoK ny = 1,3; AN OoKo=
BUK ¥ Lpokats H, = L,1).

[ipu pacuere N0 NEPBOMY CAYHaW) HATPYIKEHHH:
Opon = Ori Epon = Tx, u-

INpx pacueTe 00 BTOPOMY CAYYaAK0 HATPYMEHHS NpH J00GOM YnCae HUMKIOB
Ogon = Ork;»
i Oy, — AJHTESbAA NPEAEN BLINOCLAKBOCTK € YYETOM ACHMMCTPili RUKIZ rj

Core 20‘_1'
T =K+ 0+ng’

8AECE £ = Oy fOavi K w— sipextueunl koshduiunent woHHEHTPALNH wampsxeHult (K =
= 2 Ian nofiepesHmX OTBEPCTHH, MECT DOCRAKH feTasel ua Bak, ranrchell pasios NpPH OTHOWIE~
HKH pajkyca CANTCNH K AHAMETPY Bala, pasHoM 0,02, IMOHOUHLIX H IWJHICBLX HaHABOK;

= 3 AAA MECT NoCAAHH NOJIIUHNHHKOB KAUECHHA Ha Rad, K = 2,6 Anf CBAapHWK FEMEHTOR
T¥) B = 20_./0, — 1 — nospdUUHENT YYRCTRUTEALHOCTH MATEpHAIA {on18 YracpolMCTEY
cranel B = 0,2, ang aeruposadiEmX = 0.3}
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R = 3
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7

ool az _Lrosss 6.5 J ams 8504 00,6 048
a) 8

Puc. 1.?. Harpysoumsil rpafus opu sece 'Yz
a — wmajom; 6 — ConhlioM

Ipi orpauinuernoM siclie INKIOBR HAarpyMeansd

m  —
Cpon = Or 1. orr = Orie 1'/-N5!N’

e Nﬁ — 0agsopoe UNCAQ UHKAOR Harpyxenua {(Ng = 167} ¥ — 9HCTO LHEACE Sa4 PICNCT=
Hull cpok enyOu; M — NOKA3IATeNE CTENeHn HpHOOH BHHOCIIIBOCTH.

Mpo FyAbcHpyHKImes LuKIe Harpymenud {r = 0) IJRTENbUBIE Opeies BLHOC~

JIHBOCTIL
Cpy = 20p/(K - £).

[pe nyAbcHpYIOMEN OrpasutdeHHOM YAcHe LHKAOE HATDYMHEHHA

Cros="g1@ V N °
DKBUBaNEITHAS HATPY3K2 NpPH pacdere sJementTop 'Y Ha BHHOCAHBOCTD

So
§ 20, m/ Ng
Q:nm = Quou ]7 2 [(Bg:_;f_)m i‘—!?i] = Qim\tKaliD:

rog Qqu — HOMHHAJEHAA BATDY3Ra] Qga.p — dhaxTHYECHAH HATDPYIKE RAHAOA HHTEHCHBw
HOCTH, ACUCTBYIOL2S TpH YHCNE Barpyxenid z,3 ¥,2; — CymMbapHoe WHCAO HarpyKeunf opH
HArPYKEBRAK BCEX HHTEHCHSHOCTCH; M — NOHa3aTeNh CTENCHH xpusolt BREHOCAHBOCTH (M =
= § ... 0 gnA Merakpyeckkx geraqed m = 4 ... 6 OAR METANOECHCTPYRKOHE KOgNyCoB rpy-
809axBaToB; M == 3 AAR AcTadell, PACCHHTHEAREMHIX HE HOHTAKTHYIK GPOUHOCTB).

Paboyul LUK COCTONT U3 ABYX MPHMEPHO PABHEX MO BPeMeHH NOMYNEPHOIOB —
paBoyera NpAMUTO XONa MPH NONLEME H NEepeMenieHuH Fpysa H o6paTHoro xoma Ges
rpy3a. [Ipn manos no OTHOIIEHNIO X BecY rpysa bece I'Y MOXKHO MOJNaratsh, HTO ofipat-
Hbifl XOB OCYWNeCTBIACTCH Ges rpysa. lipa Gonwwou Bece I'Y, Hanpsimep IR Tpei-
¢epos, Npr OGPATHOM XOA€ OH SIBNSETCH PACUETHOH HArpy3Koil. Harpyaounuiil rpa-
duk za8 I'Y ¢ maTeiv Becom (o 0.1 oT Beca rpysa) npencrasfed na puc. 1.2, a,
a gna T'Y ¢ Goabumw necow — Ha pre. 1.2, 6. Bpeva nycka MOMHO DPHHHNMATDL
pasuuiy 0,016 BpeueHn Luxaa.

Tapaverpsl skeHpanentroll HarpymenhoctH Y, npusienAeMbIX JJif pa3HLIX
patoT, MOXKHO ONpeAeTdTs 3 cueaylomux coobpamendfi. flas T'Y ¢ Manps BecoMm
CIeNYeT, B COOTERTCTENH ¢ pHC. 1.2, npuiumaTte, wto 0,312 BpeMenH UHKTE HaTPy3Ka
pabHz Quor: 0,156 Bpevenn — 0,67Qu0y 0 — 0.5 Epevenn — aQuen, TRE KO-
LEHT 0 COOTBETCTBY T OTHOLIEHINO Beca I'Y k secy I'Y c rpyaom. Jas ['Y c 6OAbIIHM
BECOM CAeAyeT NPHHEMATh, uTO ,484 BpeveHH LHKNA HATPY3Ka COOTBETCTBYET Qo
H 0,484 BpemeNH HBKNA — 0Quom. JIAS BADHAKTOB HATDYXKeind, NPEACTABACHHBIK
Ha puc. 1.2, npy a = 0,1 u a= 0,5

3

Koo o, 1 =}/ LET-0,016 + 170,312+

-

" - {1.6-0,67)"-0,015 -+ 0,670,156 -+ 0,1 0,5;

Koo a=0,6= i"/ 1,640,046 + 179,484 4 (1,6-0,5)™-0,016 -+ 0,5™-0,484,
i

Kz —_—
L TG - X
LK £ ‘?-K'HQ ¥ -~ . 17




ip iQr
a)
Pue, 1.3, DMHaMH4YECMEA CH- Puc. 1.4, CAcME CTaTHYECHOTO Harlpy WeHust

CTEMd HpEna C rpy3oM Ha Kpin-
He

TY, opa XOTOpoit wen¥p TwaMecTH rpyaa:

2 — COBNapgeT C© BePTHKANLBHOH OCLID noj-
ECCA] 6 — HE COBNaAACT € pepTHHaNLHOH OChi0
noareca, I'Y nopopauvpacTcn OTHOCHTCRALHO
NoADCCH; § — HE COBNANAET € BEPTHHANBLHOR
ocuio noaeeca: T'Y ne nopopaswpacTcA OT-
HOCHTENLNC TIOADECD

3navennn fypp OPR PARAHUNLIX #7 NPHEEACHE HIMe:

m e e e e e e e e e e 3 6 9
Kapp a=0,1 P sk kot r t e o4 a4 s s e s oaa s 0,76 0,92 1.02
Kagp a=0.5 e e e e e e e e e e e e e e e e 0.85 0.97 1.03

1.2. HAIPY3KH, JEACTBYNWIUUE HA FPY303AXBATHEHIE
YCTPOHACTBA

i.2.1, OBILASS XAPAKTEPUCTHKA

Korna TY, yaepmxuBawiuee Ipyz, NenofBIXKEC KAHM NepemellaeTc’? € nhocTofkuof
CKOPOCTLI0 TIC NPAMOJNHEHHOMY nyTH, Ha Hero HeicrByeT CTaTHYECKAs RarpysKa —
colcTReRHL Bec ¢ B Bec rpysa Qr. ITpn nepenemenuin 'Y ¢ nepemennoli ckopocTiio
H BpaueHHH efo Kpoiie cTaThHyecKoll NeficTByeT H MnaMHUeCKas HarpysHa.

B ofwen Biie Kpanm ¢ TPY30M Ha KPWOKe NpeacTaBineT coGoll TPeXMaccOBYHO
crcteny (pue. 1.3, anece mip — macca Cpy3a, My — MacCa KpaHa, mlp — Macca Bpa-
AU MXCH YyacTell TPHBOAA C ABYMA YTIPYTHMH CBA3RMIL, OJUIOH 113 KOTOPHIX HBIAETCH
HECTKUCTE KOHCTPYKIHH CAMOre KPaHa Ry, & BTOpOfi MeCTKOCTE KauaTos, Ma KOTO-
pPulX nOJBemien rpysozaxBat, Eg).

1.2.2. CTATHYUECKAA HAIP¥3KA

BoaMokho pasnnunoe p3asvonoackenne I'Y u rpysa:

1. lertp raxectn (LUT) rpysa coBnanaer ¢ BepTHKajwAO#M ocbio noaBeca ['Y
(puc. 1.4, @); ecan Bec rpysa p. T0 ycnaue, socnipuunsaexoe I'Y, P = Q.

2. Uentp TH2ecTr rpy3a He coBNafaeT ¢ ocblo noggeca I'Y. an storo ciynas
XapaKkTepHH JBa BapxadTa: 'Y moOer NoBOpauHBAaTBCA OTHOCHTENBHO TOABECA MJTH
OTKNOHATLCHA BMecTe € nHxM, B neprov ciydae (puc. 1.4, 6) 3aXBaT noBopauHpaeTest
Ha yroJq ¢, npu KoTopon ofiumii ueHtp TAXKeCTH rpysa u I'Y nepememiaercs Ha pep-
THKaIBRYIO OChb NOABECA.

Toraz ycuiue, oTpulBaloliee rpys ot 'Y

P;= Qrcosc,
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a cABuramowee rpys otnochrensio [Y
Pe= Qr s,

Ecan TY ne mOMer ToBopayHBaThCA OTHOCHTENbiO MNolseca (pHc. 1.4, 8), To
OHO OTKNOHAETCH BAaeCTe C MM Ha YToA P, NpH KOTopoM oSLILHIL LienTp TAXKECTH 1pysa
u 'Y pa2metliaeTcq na ofoll BepTHEKAMH ¢ Toukoll Kpensteuur nofipeca. B aTow cay-
uge ua ['Y geficTByeT MOMEST OT Beca rpy3a

M= Qua,
rde @ — NAeug rpy3a.

Yewnwe, orprisaciies rpys ot I'Y,

Py = Qricos b
ycunue, CABuraowee Ipy3 oThocuTedbro LY,
Py = Qp sin P

Heobxoammo #metk B Bily, 4To B3 yCTpoiicTpo, KoTopuim 'Y BecoM ¢ Npuepen=
Jeno K LolBeCy, IDEHCTBYET wMOMeHT

MQ+q =(Qr-+ 96,
rae b -~ neuo obGHiEero UENTpa TRMECTH rpysa w Y.
C YueToM 3ITOPC mMoMEHTA OTpRISalolilee YCHIHe

Py g = (Qr -+ g)cosf,
CABHI Aol ee
Py (g+gy = (Qr - g} sin B.
B stux ¢opmyaax Py, Py — peaklRi.

1.2.3. AHEAMHYECKAN HATPY¥3KA {iPH PABOTE MEXAHH3MA [MOTHLEMA

OcnoBuan AuiavHuecKan uarpyaka Ha [Y sosnukaeT B npollecce nNofbeva rpysa,
npHYeym BO3MOXHE! L32 BAPHARTA NOALEMA: C Becay u ¢ NMOAXBATOMS.

[Ipir nepooM BapHaiTe HPEITONaraefCfl, YTO CpY3 YIKE MNPHNOAMSIT M CTaTHYe-
cKafl Harpy3Ka, selicreyioiuas ua I'Y, papna vecy rpysa Qp. Junaniiueckan narpyaxa
BO3NHKART B Haua.eHLIE MOMEHT TOPMOMKEHHR ofYCKaiolWelrocd Ipy3a NPH BRAIOYEHHN
Topue3a. Harpyssa na T'Y Py ckaainsaeTcs H3 ctatHueckoll Harpysxy Qp 0 ZRna-
mMuueckoll Ppyy, artswtefics ¢ypxusedl naduiTouitoll Apmkywed cuin Prag. Ko-
Topa#d 3auHCHT OT XapaKTepa e pasBHTHA BO BPEMEHH ! M XKeCTKOCTH ollopHol Kon-
cTpykunn &k, T. e Pyy= f (¢, #}. Chenoratensno,

Pra b Qr + Pmma
2 Aunavuyeckuil Kosddulnent

K)J. - PP:i/Q[' =1- Pmlw"Qr-

Mpu BTOpom BapuanTe HarpYxeHus TNpPeANONaraeTcsi, 4TO TIpY3 JeXHT H3
KaKoa-Nin0o OCHOBankN, KaHaThi TPoBHCAIOT M, CNeloBaTellbHO, B 3TOT MOMEnT ha-
rpy2ka ua I'Y pasua nymo. Hmiaumuueckan Harpyaka Bo3wHKaeT B NepHOf, KOTla
K NOALEMHOMY KaHATY, ABKHKYLIEMYCA C HOMHHAIbHOL CKODOCTBID U, MTHOBEHHO
NpHKNAILBaeTCs Harpy3Ka oT BeCa Ipy3a. Harpyska ma T'Y Pp, Gyzer taxe
CHIaNuLIBATHCR M3 CTaTHUeCKoH marpyskm Qr # Avuauuyeckofl Pygy, B 5ToM lyuae
ABAsoUIEHes QyHKude CROpOCTH kanata M ynpyrocts K onopHofi KouCTPYKLHMH,
T. e. PR““ = (U,

Creliobatenbie, TaK ke KaK M L8 OcpBoTo BapHanTa,

Pl:‘a = Qr '*‘ pmluo
a punavkdeckuit KospHUmenT

P
KII. = Q': =1+ PnuuiQD-
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AN 248

Puc. 1.5, Cxema pHRAMHUCCKOrQ narpydensna I'Y npe noancme ripysa «C sccas :
G — 112 CTPEACBOM Kpane, § — Ha MOCTOBOM Kpauc; 8 — PacYeTHas CcXeMa

Jauavnueckyio marpymensocts I'Y nenecoofpasno pacemaTpHBaTe [pH paje
Fonyilennii, yNpouwlamomyX PacteT! H MaA0 BANSTIOHX HA TOMHOCTb NOVIYYAeMBIX
pe3yJbTaTeB.

Hepswft Baprant Harpymxenna I'Y — nonkeM rpy3a «c Beca». Tak XaK manamu-
ueCKas Nethopmallifl KoHCTPYKLHH Kpaka mMallo OTJIHYaeTCR OT CTaThuecKofl AakHyio
CHCTeMy MOIKNO CBECTH X AByXMaCCOBOH, 3aMEHHS MECTKOCTE KanaToB kg H KOHCTDYK-
UNIl Kpaua kg NPHBedeHHOH MKeCTKOCTHIO ki

k= kpky/(hg 1+ ky)-

Torpa ynpollerno cncTemy MOMHO NPEACTABHTE COCTOMAMieH H3 ABYX MacC: #ip
{maccel pOTOpa ABHTATeNA H HPHBELENNBIX K HeMy 2ace wlemellToB MeXaltHsma
RoRLeMa) H My (Macch rpy3a), CBASAHHEIX MexAY cofoll ynpyruM SJeMeHTOM C NpH-
BelieHnolt xecTkoeThio £ (pue. 1.5).

TpH nepenvelllenHfX Xp MACCH filp H Xp MaCCh! fi1y KHHETHYECKAA H 0Tenulant-
HafA PHeDIHA COOTBEICTBEHHD COCTABARIOT

e .2 Mo .o o, (xp—x7)?
K=D2 2 p D0 g 200

Jns macch me AbayLell cHNOR ABNSWTCA BeC rpysa Qr ¥ HalLITONHaR CcENa
menratens Tnae; AN8 Maccs! mp — BeC rpy3a Qp, JeficTBywoniHii B Tom e Hanpasie-
UK, WTO B CHNA EiEPLUHH TPY3a NpH DOLBEAIS.

B KkpakaX ¢ DpHBONOw Me¥aHH3Ma NoAbeMa Ipy3a OT ABUratean Tpex(asHoro
TOKa n30BITouryI0 cuny Typf MOMKIO CHMTATE NOCTOSHHOR (NPH APYTHY ZaKoHaX
HaNeHeHHR LB yllell, 3 ChelOBaTesbHo, H H30hTouioli Chnbl ZHHAMMYHOCTD TpO
lecca noarema OyxeT menswefi [2]).

YpaBuenna JEiKenltd HueioT BHI:

mpko 4 k {xe — xp) = Qp + Thaos

mpkp— k (xp — xp) = —0Qp,
Ipe xp — X, MOXMHO OBG3HAYHTL UE€pe3 X.

Ilonnoe pemwende 3Tux ypaenerii
Qr Tya6 Qr

cos pt -+ k kmmp= R +

Tat

= __Tnaﬁ
kmmp

fning
tae o = mb; m = (mgy + mp)f{mpmp),
YchHe B YNpYTOW 3Beile, KOTOpOE MOMKHO CYMTATh Bo3aelicTeHeM rpy3a Ha [V,

Prg=xk==Qp+ Tu;sﬁ-—f?—r—**“(l—-cos 'l/___“(m.,—i—-m,.)f .

My fip Mipihy

{1 — cos pt),
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Bennupna ero nepevennas W apasetcs dynknuell xaK meCTHoCTH CHCTemi! R,
TaX Y Bpenend f, Makeumaniuhoe Snavenile YCIJIHA B YNpyrou sseute Prg max HmeeT
wecTo ApM Cos pf{ = —I] H He 3aBHCHT OT eCTROCTH CHCTEMBl:

Py max = Qp -+ 2Tys0mef{tip -+ g},

Tax xax n3bmTounce yeude Togs = ¢Qp (roe @ — wosddHIMenT NMponop-
UHOHANBHOCTH),

Pra = Ql‘ + 2¢QI‘

2 Ko3(MILHeRT RHHAMKYNOCTH
Ky = Pry/Qp = 1 - 2pmpi{mg - mp).

TMocneAnn# xapakTepy3yeT MunamunocTs parpyskents T'Y npm ycnoswd, ato
MONBEM HAYHHARTCH B MOMeHT, KOLAa na KanaTo! AelcTBYeT BeC rpy3a Q.

[Tpu onpeleflenns AHHAMHYECKOTO MATPYIXEHMHS MACCH Mp H Rip OTHOCHT K Ie-
phdeprs GapaCana, npHyew Maccy #ip OTHOCRT NEONOPUHOHANBHO KBaIpaTy OTHO®
RIEIHA 90CTa BeTBelli Fpy30Boro MoJTHCOACT2, BaBHBaeMBX Ha GapaGad, K ofmemy
QiaCay EeTBel, Ha XOTOpBIX BHCHT Ipys.

Ilpn Topmomenun onycxawoieroca Tpysa BelMUHBY Pppy B Ko3QOHUHeHT pH-
HaMHYHOCTH Kz onpelelifioT No TeM e (opmyNas, HO Nof Tyao NOHEMAKT pas-
HOCTb MEKAY TOPMOSHLIM YCHJMEM, NPHBEACHHLM X IDY3y, H BECOM Tpy3a.

Tax kax MOMeHT, COSEABACMBIl TOPMO30M, OOHMHO MENLIE MAKCHMAMBHOTO
MOMEHTA, CO3A2BAEMOTO JIBET2Telled, HHHAMHUECKOR YCITHE MPH TOPMOMEHHH ONYye
CKawllleroCH IPySa ne NpeBLitiaet JAHHaMHYeCKOTO YCILIHR ppk IopkeMe Ipysa
¥C Becar.

i
mp 4+ mp

=0 (14 29-20—),

myp - My

TMpumep 1.1. Onpegennte KO3MPHUREHT ZrBaMiiniocTe Ans T'Y, ROAREEHHOr0 HA YETE-
PEX RETBHX KaHaTa TNPH NOSbeMe rPy3a Maccoll & = 10 1 (necom Q. = 98,1 xH) «c pecar
€0 CHOPOCTEIC 30 M/MEH. Pexnm paBoTH Kpakp — cpeRuuf. [Tpy Bece T'Y g, paeuoMm § % ot
BECB TRY38, HATHIKEHHE BETBH KaHata, Habupaemolt Ha BapataM ¢ yuerom KT nosancnacTta Mg

1.05Q,  1,05-98 100
Sg= T~ 4ues - < T O0H.

ITpu  RosdbduukeaTe sanaca NPoOYHOCTIO fy, = 5,5 MOWHO TpHMENHTH Xauar mo
TOCT 2688—80 anamerpom d,. = 16,5 MM npu npeflefle NPOYHGCTH MATEpNaNa TPOGONOK
o, = 1700 MIla,

Juamerp Gapabasa MOMHO DPUHATE PasRbLIM 30,2
Dg = 300’“ = SO0 MM,

bHeolxuAiMEA CKOPOCTL KalaTa Npn OANHADHOM MOJNHCMACTE N KDATHOCTH IO =4

— — 0.4 =
Uy =Tpttp = 0-4 =120 M/MEN.

Heolxogrvan wacTors mpaiicnun GapaGana

e— W __ 120
6~ "nbg ~ 31905

HeofxomsKan MolHOCTE Anurareans npu K{Ii mexanuama 11M =09

= 76,5 ofifuun.

__ Se% _ oTo00am
GD-IDOOnM = U 000-0.9
MONHO NPHMEHNTS NBHTATENE Thha MTM-§12-10, MOWROCTEID N = 60 wBr m
b i 2-10, = PH Npo~
RONHUTENLHOCTH BrAIOYenus T1B 25 % u yacroTe BpELILHHA BANA Ny, = 872 ob/mMul, i
Momeur wmepunn porops Jp = 5,25 Kr-md.
lleo6XORHMOE NCPERATONLOE YHCND MEXSHESME

= nnn'jnﬁ = &12/716,5=1,5.

= 60 xBr.

MomeHT aHepIHH potops Aemratens K 18 : 2
PYTUE apamlaoucxes <acrell MoXauusma, yuds
TheaeMbn Kospduunenton 1,29, npupemennmlt k Bafly GapaliaHa, ¥

I = 1,25y = 1,25.5,25-7,5° = 370 wr-n?,
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Muaccs, npheefendas K nephdeprn Gapabada pauycom Rﬁ = {,25 M,
mp = Jy@2ft? = Jp ] R =370/0,25% = 5900 we.
Macca rpyfa, OTHECeHHas ® nepudepHn Gapalana
m, = Qful = 1000074 = 625 kr.
Koadduunent

My 625

ey B

9 sﬂ.na aeuratenn MTM-A12-10 xpaTHOCTL MaKCHMAALHOTO MOMEHTS papkinctes 2.8, a p =
= 2,8 — | = 1,8
Maucumanbkull xoshGRUMEHT ZHHAKMMMHOCTH

Kn=l+‘2q) =1-2-1,8-0,006 = 14 0,35 = 1,35.

(R —
mr-l— my

Tpu yEENOUCHHH CKOpOCTH NoxbeMs WOIDDHUMEHT HIUKEMHYHOCTH PEIHO BOSPICTET,
TaK, uaDpuMep, eCAH JANS YCAOBHH paccCMaTPIBAEMOTO NPRMEPA DPHHATE CKOPOCTE
nogpesa YARoeHHoH, T. €. We 30 Mfmun, B 60 m/Mul, TO

v:‘ = 240 W/Mun; n'ﬁ = 153 of/mun; N =120 HBT.

Mo¥HEO DPHMEHHTE AREraTelb THNa MTM-712-12, mommnocrelo N;m = 125 uBr npE
-

IIE 25 % o 4aCTOTE BPAlIEHER BAJB fiyp = 587 ob/Mun, MOMeHT BuepliH potopa 12,75 Hr-n%
w = 1,8, Torma

wly = 3,75 Jy =1,25:12,75-3,75% = 202 wrem%}
my = 3560 ur; = 625 wrs mj(my +mp)= 0,197
KosddMUHEHT THHAMKYIOCTE
Kp=1+2180197=1407 =~ 1,7.

Takaf ZMHEMHYHOCTL NOLLEMA MOMX{ET BMETh MeCTO NpH NpHEBORE MEXAHNIMA OT KOPOTKO=
SAMKHYTOTD FBHISTEAS, NpH OTCYTCTEHH 3aTYXSRHR B CHCTEME M yCnoBrh cos pi = —1.
Ypi CHCTEMaxX pa3roHa ¢ NOCTENENHHNM HAPACTaHHEM CKOPOCTH, T. B, GOALLIHM BpeMeleM
MepexoiRblX Npoleccor koadduuuent KA 6yReT mMellplinm, Ilpi BmOODE CHCTEME IIPUBOAA

MEeASBHIMA TIONLCMAa 3TC0 LOMMHO YUYNTHEBEThCA.

Bropoit papnant marpyserns I'Y — nofbeM rgysa «c nogxsatom» . B stou cay-
wae, Xa¥ NOKaSHBAIOT SKCHepHueHTst [2), MOXHO npeyeSpeyb eCTKOCTLIO OAHOTO
H3 3JleMEHTOB, HANPHMED KaHATOB, MOCKOJLKY YHPYDOCTH (moJaTANBOCT) meTalno-
KOHCTPYKIUKH BLille, ¥en KaHATOB, NpHuew KollebanHa nocicAnsiy GHCTPO 3aTyXaloT,
N yuMTHBAaTL TONBKO YMNPYTOCTb BTOPOrO 3MemeHTa HeCTKOCTH — HONCTPYKUHE
hpaua, T. e. MACCH KpaHa My M [py3a mpr patCmaTpuBaTb Kak OAHY wMaccy
{puc. 1.B}.

Ipr npHuATOM AONYUMERAIM NOANO CUMTaTh, YTO NOALeM [PY3a NPOHCXOARMT
Cleay o 00pasoat.

Hz nepBom 3Tane, HoCle BKMONEHMA AGBMTATelf, TPOHCXONHT BLGop ciabHHBI
KapaTa; Ha BTopoa STafle — YOpyraf Iedopuallsf BCeX SNEMEHTOB KOHCTPYKUAH
{cM. pHc. 1.6, g 1 ©6); 5ToT 3tan NPONO-TaeTCA JIo TeX Nop, noka ycHiHe Pyuna 'Y,
Bo3pacTaf 0T HyJR, He CTaHeT pabrblv Qp = mg. JIuwe nocfie 3TorO Ha TpeThes
5Tane HaulnaeTCR Nodbenm TIpy3a.

[pH mepemelliekBn X MaCCel Kpapa flg C JKECTKOCTLIO Rk, KiBeTHuecKad
BHEPTHA Y

K=mx; 2.

lloTenunanbnaf sueprBf
= 2
IT =k x%j2.

Jleiyiledi cnnofi ABAfeTc cuia P, pasdnuHan ANA pasuuiX 3TAfeb Nofbema
rpy3a.
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kg

Ky my
-

e nr

2

Puc, 1.6. Cxema gmraMuucckoro Harpyxenun 'Y opa nofbeme rpy3a «C nogxsatoMs ;

« — Ba CTPRAOBOM Kpaue; & — na MOCTOBOM Kpane; § — pPacYeTHABE CXCMa O}].IIOMHCCOBDH
CHCTCMBL; 2 <= PECUETHS CXEME JBYXMACcORol cHCTEME

¥paBHeune IBHMENHA HueeT BRA
mykg - kyxg = P,
Ero pewenie
Xx = Yer | (0/p} sin pt,
TAE Yop — OporHS EOHCTPYKLUNR OF CTaTHHecKON Hafpy3kH; ¢ — YCTSHOBHBLUIARCH CKOPOCTL

nofvems rpysa; p= ]/k,{;(m“+ ML) — KpYToBaR wacrToTa CpobOARBE KOAelaHNA, £ —
TEHYLUCE BpCMA,

Torna
ip = vcos pt; Xy = —upsin pt,

Jenavedeckas parpyska, ReilicTeyoulan wa I'Y,

P = mpiy, = — (Qp/g) vp sin pt.
Makcuuym ee GyAeT npH sin pt = —1
2 _ Ym0, V Ra
e max = @ g p=0Q % P

[Nonnas Harpyska, ReficTeyiowan ua [V,

Pry = Qc 4 Py max = Qo (I—I-%-l/ Ky ).

my 4 mp

KoapIHenT AHnaMHYHOCT]

= Ot Pawn _ v UV P
Ky ar —1+?P—1+F

g+ me

m
BJH, TaK KaK By = Qp/fcr = rd .
T

I(n=!+—b.p=]+0-!/ ! .A_..
g Glicr My e

Hannan dopmyna NOCTaTOUHO MpPOCTa IS NPAKTHYECKOTO HCMOJbL3OBEHHR H
B IOJUKHOM Mepe AOCTOBEPHA, XOTA B He YYHTLIBAET BJRAHHA BTOPOro 3JemeHTa Me-
CTKOCTH, HMRIOWIEroch B paccwaTpiBaemoli cHcTewe. IIpH ero yuere cuctemy Hapo
paccmaTpnBaTh XaK ABYXMACCOBYIO C AByM# YNDYrBMH chfaamn (puc. 1.6, @) w,
CIeAOBATRE0, KAK HMEHOWYo ABe CTeNend C500OAR € COOTBETCTBYIOWLTM HalloXe-
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HiueM KoMebaRii no KaxAof H3 YaCTOT K HaXOXICHHeM MAKCHMYmMa Ha NPOTRKEHHA
HECHOJBKHX TephoaoB KonelanHi.

B srom cnyvae petiehlie NOCTaBJennoR Salaul pesko yolomaserca. OkoHua-
Telblice 3HadYenle Koa(pulhenTa IRHAMHYHOCTHE mMOMeT GuTh HpelCrabBfeno Tak

k
Ky=14-">- £ 2 9 k
a=1+ g mmp,(ot—r} [kr (pl — Pop— _mrr ) €08 Poply T

7 k[\ §in ﬂ:tf 2 2 kp
TR (p‘_ E)] PavP: [k’ (p"_p‘“’_ m_r) €08 Paplo

% sin p,f :
2 r 1
h (A= ) | e — e Prglo comd —cen i |,

TIE U — CHOPOCTh NOILEMA rpysa, mfc; 2 = IMECTKOCTh MORABEMHEEK KAHATOB % NPHEBEACHIA
K HUM MCCTKOCTE WIEMEHTOB npkBolE, H/M: P, ¥ p, — NapUKAALHBE YACTOTH, e ppp =
= V(kﬂ+kr}f"'1{ — NpHBEAeRRan uacToTa, lfe; t{l — BLCMA, CQOTBOTCTEYIOLLEE MOMPHTY
OTpHIBA TDPY3a OT CNOPH, € k, — HECTKOCTE MeTalioKoNCTEYKUHA kpana, Hfm; m_ — macca

i
Ipy38, HI; M, — NPHBCACHHAN MSCC2 METANMNOKOHCTPYKUMA KDuHa, HI.

r

[apusgiashuie gactore (1/c)

_ ryleet-me (Rtfer) +V [ niwkp + mp (ki -+ ko) ]2_ kykr
FL,2= Sy 2mymp Myt

BpewR, COOTEETCTBYKOllee MOMEHTY OTpmBA Tpysa OT ONOPH, OlpefedneTcA H3
TPAHCLEHAGHTHOLO YDABREHHSA

gmkmrp%p
vitylep

En
t‘, + m‘ Si0 Pyply =

rac g -~ yCHOpCEune cBpSopuoro nafeHus, Mo,

INo coofipamennsy, #3JOMENHLIM Buile, DPEVMEHATEIBHO K pescMoll 2afiaue
ONpeneNAT: MAKCHMANbUEN KosQDHIHeHT nuuasuunocTh pas Y ofwunoro tana
no Gopmyaam LA cHCTeMu ¢ ABYWA CTenensmil casofolel Hea6R3aTeIbyo, 4T TOKa-
3aH0 HA NPNBElleHHOM Raflee YHGISHHOM NpHyepe. JLAs OTIEABHEIX YaCTHEX CY4aes,
HANPHMEP, NPH JKeCTKoM NonBece 'Y # Majoll macce mMeTaTAOKOHCTPYKUMN STO Mo-
eT OKasaThen LedecooOpasnni.

Urobul onpelentTe KostbdnnuenT AMHAMHYHOCTH KaK [ CHCTeMb! © ofHoll Cre-
nenLio ¢BoGofipl, HeolGXoAMMO 3maTh NapaveTps! KOHCTPYKLHMH KpaHa — KpYTOBYIO
yacToTY KoeBaiitil p HAH Maccy my, NpHEeAeHKYIO K ToUKe Nodbeca [PY3p3aXBaTa,
M CraTHuecknl Hporkl KOKCTPYKUHE Yor. X momno nomcuntars fas moforo ken-
KPeTHOTO hpaHa, eClH H3BeCTHA eF0 KOHCTRYKUMS, MO MeTonam CTPOUTeNbHON Me-
Xanugn, JiiA BLINoaHeHHOH KORCTPYKUMH 3HaveHWsT nporn@a Moryt OuiTh nofyuenn
IRCIEpAVEHTANbHO.

Ounako, Tak Kak TY sAeasioTcs ofopynoBauHe, KOTOPOg HelOCDeICTEeHHO
€ Kpanom Be CBE3zHO H MONeT OWTe Nphvekeno B MoboM KpaHe COOTBeTCTBYICIeR
TPYSONGALEMHOCTH, HeODXOAHMO 3HATH IKCTPEMadbHOe 3HadeHHE BOSMOMHOTO Kosd-
¢uirerTa IBHAMAYHOCTR TPH Heperylupyewodt ckopocTH nontema rpysa. Ilpu ero
onpeAedeilHE BIA HeKOTOPHLIX THROBWMX KPAHOB MOHHO NOJb3OBATECH HOPMATHBULIMH
Aavamme. Tak, An8 GawewnbX KpaHoB npHOJIXeRHO JAonyckaeTcs ONpefeldfThb
nepron, koweSannii T rpyxenoro kpaHa (€ TPy30% Ha KpioKe) No Aausbim Taa. 1.12
(TOCT 13994—79).

YactoTa p M meprofl T cBu3ansl saBHCEMOcTb0 T = 27/p. B cootsetctBuM
€ STHM KoS({HlMeHT AMHamHubOCTH AnA [Y GalgenbbX Kpanos momeT Obith onpes
fenen no gopuyde

Kz = 1+4-2n(gT) ~ 14 0,64u/T,
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1.12. TNepuoa (B c) cnofoarex Ronefanudl rpymenoro SaeHHOTO Kpala

Bricota PaCOONOMENHA CNOPHOIO WMAPHHPA CTPCOM HaN HUBEPXIIUCTI:K)
seMa, M
c 20 o (inuu.lc CBELWE
ELan60n- o 20 BHILLC no 4 0 no |60 mo
&0 g0
wHA BB
'“elza“l:o‘ [ pyJonoaLeMnocTh  KpdHa  NPR H inGonNbuweM phincte, T
Cehi- | Cou- { CeH- Cehl- | Cem- | CBH-
e we e we we we
Bo 5| 5 o (100 {2000 | B0 5] 5 g0 |10 z0] 20 po | Ao 10| Jo 10
10 20 ao 10 20 30
10 L.B 1.6 1.7 1.9 L7 1.9 2.2 2.5 2.7 2.9
vy 1.6 1.7 1.9 2,2 1,9 2,2 2.5 2.7 2.9 3,1
30 1,7 1.9 2,2 2,5 2.2 2.5 2,7 2.9 3.1 3.4
40 1.9 2,2 2.5 2.7 2.5 2.7 2.9 a1 3,1 3.7
50 2.2 2,5 2.7 2.9 2.7 2.9 3 3.4 3.7 4.0
G0 2,5 2.7 2.9 31 2,9 3.l 3.4 3.7 4.0 4.5

Opamevanne [lopkos cRoGOIHHE HoneGanul neHArpy#enHolC Kpans HONMeR
REPITHHMATRCA Panauiy 2/3 nepHoaza ckoBoankx KoaeGannl rpy»wCHHOCO KpaHa.

Dpumep 1.2, Onpeacauts kosddnivent Aryavaiuncety gan I'Y, nogsewennoro Kk Gawen-
HOMY KPaHY, KOTOPBA UMEET CHeAYIOWHE NapaMeTphl

TpysonogtemMnocTs NpE nakwboabwewy sunere §, v . .

. 5; 10; 20; 30
BHCOTA DACHOAOWEHHS UIHOPHOrO WapKUp2 cTpesul El, M 20 40 &0

mac‘rblnprouaR.M.................:::::::: 10; 3p; 50
CropocTs noabems [¥ o, M/ & . . v 0 v i v v v e e r e e e s 30; ©0
PesysbTaThl pacueta no dopuysie K= 1 -f 0,64u/7T npusepenw B tabn. 1.13. Oun

ne PRIXOART 95 NDPEAESb Kn = 142, a g cpeghux ycnoewil Kﬂ = 1,17.

Has smoctopnix kpanob Goflee 3PQeKTHBHO ONpelelaTh KOSMOHIHERT AHEAMHY-
HOCTH Yepe3d MACCY KOHCTPYKUMH Kpaua Mty M cTaThdeckuil nporid yer.

Ofoblienno, © TOUHOCTBIO, LOCTATONNON ATR HAXOM/CHUS HEODXOIHMMMX Na-
paMeTpoB, macca (T) AsyxGaaQuHBIX MOCTOBLIX KPaHOB Ipy3oholtemHOCThR =

N
my = 0,56 (@4 1,5L);

B oM uncle macca (1) Tenexwkn mp = 0,4Q ¥ macca (T} MeTalJOKGHCT)YKUHH
myx = G,160Q + 0,841 (3peck L — nposer Kpana, ).

1.13. 3nauennn KoSdrHUMENTOR AHHAMHYBOCTH Rad TY GaweHnnx Kpanog

. Ez BhCOTA pacnotoMenns olop .Oro wapuupd CTpexm H, M

g= .

Ei En: 20 l 40 60

s ,‘:m

,-E:, 35 I'pyionoaseMHocIs Kpana npu uauonbwed BHJAETE, T

[T e

£k 1 ox

£2 1 =5 5 10 0 0
1D 1,21 i.20 1,19 1,17 1,19 1,17 1,15 1.13 1,13 1,12

30 30 1.19 .17 1.I5 113 1,15 1,13 1,12 1.1 1.106 | 1,104
50 LI5 1,13 1,12 1.11 1.12 1,11 1,104 [ 1.095 | 1,09 1.09
i 1,42 i.10 1.48 1,34 1,38 1,54 1.30 1.26 1,26 1,24

G0 30 1,38 1.34 1.30 1.26 1,30 1.26 1,24 1,22 1,21 1,2t
50 1,30 1.25 1,24 1,28 1.24 1.22 1,21 1.19 1,18 1,18




1.14. 3navenna wesphuuvenTa A

| pY3UNOALCMUOCTL KPpARA §, T

fponer
kpana L. u 3 12,5 20 a2 50
10.5 1,68 1,90 1,96 2,00 2,05
19,5 1,08 1,30 1.38 1.42 1.50
31,5 0.76 0.96 1,03 1,08 1,13

Pacuernan macca (T) KOHCTpYKuuk, npHBeliennasl K CepcliHe moCTa KpaHa
mli = Oasrn}l. K + m'l' = 0,0SQ + 0.42L + 0!4Q - Q (0|48 + 0|42LJ'Q)'

Macca rtpysa m, = Q. Ilapaverp m/{mp~+ ) = /(1,48 + 0,42L/Q).
Cratiiecknii nporn6 () a0CTa NoA HaTPY3KOH MOXHO 3ajaTe B {IyIKLEMH 1IpO-

neta kpaua L (w)
P yer = LITOO

JIns mMOCTOBLIX XpalloB TPY30NOJLEMHOCTEI) O ... 50 T HOpManbHOTO HCNOJHe-
HEA KO3pPullienT AHHAMHYHOCTH )

V 1 nt. - 700 1
Ky=1+v flicr My Mg 1+v gl 1,4810,42L,07 1+ A,

e A=06,85'V (I + 0,28L;Q) L. (ragn. 1.14)
fipamey 1.3, Onpefennts Kod(PUUHCHT AHHaMuInoCTy Ans IV, nodBeWenHOrD K MOCTO-
BOMY Kpany, KoTOpH uMCCT CACAYIONME MApaMETPH:

TPY30ONOREEMHOCTE G T + v v o v v m v s a s 0 s~ s 9 L5 20; 3%2; &0
Cropocte fnopbeMa I'Y o, miMHH o 0 o v o 0 v 0 0w s ; 20:
E B0 (gns rpetidepon)

FiposeT kpava L, M . . . i ¢ o v v o v s v 2 a s 0 5 s 10,5; 19.5; 31,5
PeaynuTat pacuera o dopmyfe ,K‘11 = | + Ar opreesenu B Tabn, 1.15, Jlna Kpioko-

BWX KpDAHOB GHH He BRIXOAST 3a npeacau 1.1 ... L5, a pain rpefidepnsix cocrapanior 1.5 ... 2

1.15. 3uadeHHA xosduprnpenTon guynamudHOCTH A9 T'Y MOCTORBIX KPRHOR

I'DysonOALeMHOCTE ), T
CropotTe NOARCMA Mponet

TY, mimun KpaHna, ™ 5 12.5 20 39 50

10...6,3* 10,5 1.2 1,33 1,26 1,27 1,22
19.5 1.18 1,22 1.18 1,19 1,16
3L,5 1.1 1,14 1,15 1,12
10.5 1,56 1,66 1,53 1,55 1,27

20...8** 19,5 1,36 1.44 137 1.40 1,21
31.5 1,26 1,32 1,29 1,29 .15
10,5 Do 2 Jo 2 o 2 — —

50 ,,. 40 *** 19,5 | ) 1,90 1.9 —_— —_
3.5 1,52 1,64 1.7 —_ -—

* Cpepsnlfl pemum patioril. [Ipn Cpy2onoAnesilocTi 5 ® 12,5 T cAOpOCTE NOABEMA
cocTapnder 10 m/muH, 20 v 32 T — 8 mfmun, 50 1 — 6,3 M/MEN.
*% Trwensfl pesxnm paGorel. [lpH rpysoriofsemsocTd 5 n 12,5 T CKOPOCTE NofLexa
coctapaser 20 w/muH, 20 W 32 T — 16 mfmin, 50 ¥ — § M/MHIL
«*+ pofibepusie Kpauw. IIpH rpysonopbeMuocTd 5 H 12,5 T CKOPOCTL NOABEMA COCTAR-
nsner 40 Mimun, 20 v 50 T — 50 Mm/MHN.

ConocTaBHTh 3MaueHiuA KOShIHEUMeHTOB THIAMHUHOCTH MPH PaccMOTPeRHH odko-
MACCOBOI M ABYXMACCGBOH CHCTEM MOKHO Ha Gase ¢ICAywouero nphuiepa.
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€
Tpumep 1.4. Onpefeniis kosdduuuent aAxvaruvaocTy ang UV, ROEBCHIERNOTO ¥ MOCTO-
BOMY KDaHy, KOTOp&fl pMeeT CleayIOLie NADSMCTPL! TPYSONOARCMHGCTH € = 20 T, npoJer
Kpana I = 19,5 M, ckopocts nogeema [Y v = 16 M/Mue = 0,265 Mmjic.
Patqem ne nopamempan edAaomaccocodl cucmemsl. PacuCTREE MACCH Ipyga B KGHCTDPYKIHR

"y = Q=201
my = Q (0,48} 0,42L/Q) = 20 (0,48 -}- 0,42-19,5/20) = 17,7 7.

lNapametpu
myj(my + my) = 207020 + 17,7) = 0,53,

6,85
V1y,5 {1 F C,28-19,5/20)

4

C yutTOM TOrC, YTO CHAIOECE Bo3geflcThHe rpysa Qp = Qg = 196 uH, mecThoCTE Kon=
CTPYKUNH KpaHa
B o= als — 00, 700- 196 rH

= = = T ——.
B e L 9,5 M

Bpcwa oTpuiBa rpysa

r 196

f1= B0 7 000-0,265

= 0,105 c.

YacroTa wodeGaundl

p= Vkm.v{mr +m) = VI + 1U,7) = 13,5 Y.
Tlepuon woncBannf
TF=2/p==628135=0,6c¢c.
Kosddmunent annamuwunocts
KII= 14+ Av=1-}1,4-0,265 = 1,57.
Konebanun avauenul wosdduiinerts AHHEMHEYHOCTH MOTYT BT MOLCUHTARLL O dopmyne

0,265
9.5

© .
an 14 - peinpl =14 13,58in 13,5/=14 0,37 sin 13,5 1.

Pacuem no napamempas deyxmoccosoli cuemene:. Ta

- PEMETpH CHCTEMH Te Jké. BTopuu
YNPYTHM SAEMEHTOM ABIAKIOTCA HAHATH, MOAYIAE YIPYLOCTH Kpompux E = 1,1-10° fupna.
JKECTHOCTE KAHATOB S8RUCHT OT ANHHB Hn TPY¥30BOTD NOAHCOACTA, B Cpeimem Hn=06b.

IlpA sanace NPoYHOCTH B KaHaTaX n = 6 (TAwenwi# pemmum), © B .

, CODTRETCTRYIOLLEM O
= 3-10¢ M[la, ¥ NACIUAAH NONCDEHOro CeYeHHN KAaHATS F.pyp,mmezme Ry =

_ %y oMy peal 0.6-3-10%19,5

EF E T F Lites o e

MRecTRoCTL KaWaTHOro noswchacTa
kr = 1.05Q[./A = 1,08-196/0, 032 = 6500 wH M.

[Ipaseiennas uacrora

Pop =V (i T Rodfry == VTT0G0F Go00)/17.7 »= 91,5 1/c.
INpuecaennult nepuoa koheGanni

Top = 201/21,5 = 0,24 ¢.
TMNapunsiEHe YBCTOTH

o =V17_7.:i511:1+2{:(?uuu+ﬁﬁou; i
1,8 217,720 ®

PRI

+ 1/ H.7-6500 4 20 (7000 4- G5U0) 32 70006500 — V525 & G8B.
s -
207,1-20 17,7 20

Pi= VE25 4 385 =30 1/e; py = V525 — 385 =12 1/c.
HMepsopn  koncGauni

Ty=20/30 = 0,31 ¢; Ty=27/12 = 0,52 c.
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Prc. 1.7. Himencuue wn-
adyppHeRTA  AMIAMTINNIO-
CTH LI MGCFOBDro Kpawa,

paccMATPHIACMOTO Ky
CHCTEMA
! — pnyxmaccopas; 2 —
CANOMACCORAN
ay r
08,2
Bpemsa oTpeiBa TPY¥33a onpefefRes W3 YypABHEHHS
& garn“mr.u?1
to+ —L—sinp t, =—0b 0.
et ar-o vkl
G500 9. K1 17,7-20-76)
[ 4 ——  _ 5in 27 Sl — e ——————
ot e S e T bW 6000

unu {o 4 0,08 5in 27,5/, = 0,220,

orkyns f = 0,204 c,
duaucHite ¥oabdHLHEHTE OUAaMHIEOCTH, naltacnnoe no npnsegeutoll pance GopMyne,
ONPERCAUTCH BRIPAMCHHCM

KII = 140,47 sin 12f 4 0,21 sin 30f 4- 0,017 cos 12¢ — 0,017 cos 30f.

[padux A3senenna kos(hduiuleNTOB AMHAMHYHOCTH LA ONUOMACCOBOR 1 ABYX-
maccoBoil cucTem npiBefed Ha pre. 1.7. Mz anaiusa ero BUEHO, YTO NPH paccyoTpe-
HHU CHCTeMBl KaK ABYXwaccobodl Snasennsl K ybeinunsarorcsd NpHOAH3ETENEHO
Ha 15% mpa BTOpOV H TPeTkeMm NepHOlaX KoJebaliuil.

CileayeT CIHAKO 3aMeTHTb, 4WTO B NPUBEAENNLIX PacieTaX HEe YHHTHIBAJIOCh 3a-
Tyxanue koneGanuil. Ho Tak Kak NpR KX yueTe CHu3RTCH MHEOBLIE NHMHAMMGECKHE
HaTPY3KH, UPH TNpaKTHYeCKHX HHMCHEPHHIX DpacveTaX JONYCTHMO JWIH KPIOKOBHX
KPalloB oNpefellATb KopGhHUKEHT AMHAMMYHOCTH, CUMTAs CHCTEMY KpaH—Tpys3
02IIOMACCOBON.

Tlpi pacyerax rpeithepniuiXx B ApYFHX ChellMasibHHX KPaHoB, XapaKTepHuIX Bhl-
COMMME CKOPOCTAMH ToAbeMa, Ko(PuLHeRT EHHAMHYHOCTH HAIO ONpelefstb Kak
AR IEYXMACCOBOH CHCTEMBI.

1.2.4. ANHAMHYECKASI HATP¥3KA 0OPH NEPEABH)KEHHH KPAHA

Junamiueckar narpyska neficteyeT Ha ['Y B mepHofl MeyCTAHOBUBLLETOCH ABHIKERHA
Kpaka. B nayaibHpil woMenT ABHIKEHHS TPH Da3roBe Kpada CPY3 oTCTaeT OT Hero,
ADH TOPMOMEHIU — onepeKaet.

¥Yron OTKIOHeHMHA TPY3a ©T BepTHKalM, Opoeenennofi wepe3 TOUKY NoABeca
(puc. 1.8}, ofo3naunm uepes |, a ANKKY NOABeCA rPy3a ~ ucpes L. Macce kpana my,
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Puc, 1.B. Cxcma AHHAMHMECKOrD HArpysicnun 'Y
NpH TEPCRABUHMEH IS KPAAR

TPY3a mip, POTOPAa JBUTATENH H  CBA3AHHEIX
€ HHM SJEMEHTOB MeXanH3ua, NPHBeJElHmX
K OCH XOAOBHX KOJeEC, Mp. YCKopRiollaa chHia

T, npuBeiennas X nepudepnlt XoJOBEIX KOTEC \,El
Euaverpon Dgp' W pabHad pasHOCTH mMexny My %x

My, X
OKPYIKHEIM  YCRIGeM, ONpelenseMplv npuee- 2 F CJ-E«-]m
JEHHBM fpe.’l}'unpoaannmg NYCKOBLIM MOMeN- o i/p |
ToM HBHTATeIR Mg pyews H CONPOTHBIeHHEM LA

nepeasiyvenna W
T =2Mgp, nyenttamuDx — W, TR TR TR SIS

the Mop pvex = PMpp, noae #ye Ty — DePeAaTounve uneno i KIJL mexaHusma nepeasu
HKEHNS KpaHa.

Nepenmewernnst xpana mMaccoli st B potopa mp ofo3nauny vepes Xy, IPY3a
€ Maccoli mp OTHOCHTENBHO KpaHa — Xp.

Jepdepeninanbisle YpaBHenun ABHMeHHSl Kpauwa H IPy3a BuCIOT BHX
(gt mp) By g ig =T,
mp (§p — Ey) = —mrg gy,
Tak xax oTkToMeHus MaJlH B OULIUNO He NpeBLuaoT 13°, MoMWO NPHAATH
Sin = xp/l = g ).
TorcTaBys 3pavenne g o CNOMKNB ypaBHenNf RLEAEnRS, NOJYuYMM
- e ( Rip T
Xp —I— — 1 + Xp £ —————m
i mg+mg )V mg g !
Eot Pxp =g,
TAe HPYTOBas YacToTa KogdeGannil rpyaa

p:"/%(l—}- mufi;fmp)'

Toraa repemewenre rpysa [2]

HIH

fo = — - cos pr 4 = (1 cos o).

P
CropocTh Repeneulchns Tpyaa

YCKopenie ¥r = {@:p) sin pt.

Zp = (gp/p) cos pt = ¢ cospt.
Harpysxy na TV Ppyyner ONpefleinv Kak cymmy paBuoneficTByiomefi
. ’ (]
mpg, mpgtgy n IIEHTpOﬁE}KleIOﬁ CHALIL CYuy  pasmone yiome

T i . 2
Nner = Ir (k) = ";;Z sin? pt,

4 AHHAMIUeCKNH ROS{QRukeHT

—— 2
meg [VI Figty + ;pz sin? p!}
myg *

Py
— Hil. NNeP
KI[- Oer — Ql' =

rpe Qp — Bec rpysa,






