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1. UcnpiTaHKe ABYXCPE3HOI'0 COEUHEHMS
HA CTAJbHBIX HHUJIMHAPHYECKUX HATEIAX

Iexp u 3amaun pabOTEI
OnpenenuTs TPOYHOCTh U Je(HOPMATHBHOCTh COCTUHEHUN HA CTAIBHBIX ITH-

JIMHAPUYCCKUX HAIrCJIAX.

OOmwme 1moJI0KeHN (TEOPETUUYECKUE CBEICHMS)
Harenem Ha3piBaeTcs THOKHI CTEPIKCHB, KOTOPHIN COCAMHSICT JIEMCHTHI JIepe-

BSIHHBIX KOHCTPYKIIHHA, TIPETSATCTBYET UX B3aUMHOMY CHIBHUTY, a CaM IIPH 3TOM pado-
TaeT Ha W3ruO. Haremn W3roraBnMBalOT W3 CTalM, APEBECHHBI TBEPABIX IOPOJ H
IJJACTMACC, B BHJIE CTEP)KHEH Kpyryioro ceueHus. VX ycTaHaBIMBAaIOT B IpeJBapU-
TEJHLHO TPOCBEPJICHHBIC OTBEPCTHS. J(MaMeTp OTBEpCTHWiA I HArens JeiaroT paB-
HBIM JHaMETPy CaMOro Hareis, 4eM OO0EeCIeUHMBAeTCsS IUIOTHOCTh COSIUHCHHS H
YMEHBIIIAETCS OTIACHOCTh PACKaJIbIBAHUS.

Cuuraercs, 4yTo Harelm paboTaroT Ha Cpe3, XOTs Ha caMOM JIeJIe cpe3a 1o Tey
Harejs He IPOUCXOuT. J[peBecuHa Msardye Harejsl U MPOUCXOJUT €€ CMATHE, a CaMH
Harejau — M3THOar0TCs, TeM HE MEHEE, 10 aHAJIOTHU C 3aKJICHOYHBIMH COCIHMHCHUS-
MM MeTajula, HareJll pacCUYMTHIBAIOTCS Ha Cpe3, a MEeCTO cpesa (KOToporo hakTude-
CKH HET) Ha3bIBAIOT «yCIIOBHBIM CPE30M).

PacueTHyro HeCyIIyIo CITOCOOHOCTH OJTHOTO MUJIMHAPUYECKOTO HAreNIsl Ha OJTUH
IIIOB CIIAYMBAHUS B COCIMHEHHUSIX DJIEMEHTOB M3 COCHBI M €M IIPH HaIpaBJICHUH
YCWIIMH, TIEpeIaBaeMbIX HAreJIsIMH BIOJIb BOJIOKOH M TBO3ISMH TIOJ JIFOOBIM yTJIOM,
cinenyet onpenensats mo tabmuie 18 CIT 64.13330.2017 CHull 11-25-80 «/lepeBsiH-
HbI€ KOHCTPYKITHI).

OOBEKTHI HccieJoBaHusl, 000pyAO0BaHUE, MAaTEpUalIbl U HAIISIHbIE TOCOOUS
1) AByXcpe3HOoe COeIMHEHHNE Ha CTATbHbIX HUIUHAPUYECKUX HATrelsaxX

2) Pa3peiBHas mamuHa P-5
3) Unaukatopsl yacoBoro tuma c 1eHoi aenenus 0.01 mm
4) MwunMeTpoBas Oymara. DJIeKTpoHHbIH Biaromep OB-2K.

3ajanue Ha paboTy (pabouee 3a/1aHKe)
Y CTaHOBUTH pa3pylIAONIYI0 HArpy3Ky M CPABHUTH €€ C PACUETHOU HECYyLIEH

CITOCOOHOCTBIO COEAMHEHUS; MOCTPOUTH 3aBUCUMOCTD AehopMaliuii CIBUra B COEIU-



HEHUU OT HArpy3KU U ONPEIEINUTh Ae(POopMalHIoO COSTMHEHUS, OTBEUAIOIIYIO0 pacyeT-
HOI Hecyllell CIOCOOHOCTH; YCTaHOBUTH Harpy3Ky, COOTBETCTBYIOLIYIO BEJIMYHHE
IPEEIbHO I0IyCTUMOTO C/IBUTA.

XoJ1 padoTh! (HOPSAOK BEIMOJHEHUS PAOOTHI)
HcnbiTanne COeIMHEHUM MTPOBOAUTCS BO3PACTAIOIIECH HATPY3KOM C JIOBENCHU-

eM 00pa3loB A0 pa3pylIeHUs Ha pa3pblBHOU MaiuHe P-5. O0pa3ibl coequHeHnit uc-
IBITHIBAIOT HAa CKATHE IO CXEME, MPEACTaBICHHON Ha puc. 1.1. Harpy3ka npukianabi-
BAETCs CTYNEHYATO, HA KAXKJIOW CTYNEHHW 3arpyE€HUs 3aIlMChIBAIOTCS OTCUYETHI IO
npubopam B xypHaie-otuéte. [lepea ucneiTaHuemM Kk 00pa3am MPUKPEIISIOT UHIU-
KaTOpbl YaCOBOT'O THIIA JJI U3MEPEHUs MepeMeleHns (B3aMMHbBIX CMEIICHUN COeTu-
HAEMBIX AJIeMEHTOB). J[Ba uHaukaTopa ¢ neHoi aenenus 0.01 MM ycraHaBIMBarOTCS
C MPOTUBOMOJIOKHBIX CTOPOH oOpasima. [TpuKperuisitoTcs WHAMKATOPbl K KpaWHUM
JIOCKaM, yIophbl U1 ITU(TOB K CpeaHEN TOCKE, TAKUM 00pa3oM, YTOObI MO HArpy3-
KOU MTUTHI BEIIBUTAIUCH U3 KOPITYCOB MHIUKATOPOB. [Ipu 3TOM OTCUETHI 110 MHAU-
KaTopaMm UAYT MO MEpPE HArpy»E€HUsS B CTOPOHY YMEHBIIECHUS, YTO JTOJKHO YUUTHI-
BaThCsl MIPU BBIYMCIICHUH TepeMelleHns coenunenus. [locne ncuepnanusa padbodero
xoa WTUPTOB nedopMaluy OMPENestoTCs MO0 CMEIICHUIO Pa3pe3aHHbIX IO0JI0C
MpEeABAPUTENIbHO HAKJIEEHHON MUILTUMETPOBOM Oymaru. Bo BpeMst HCIBITAHUN TaKKe
(bUKCUPYIOTCS pa3IMuHbIe U3MEHEHUs B 00pasile (TpecK, TPeIUHbI, IEPEKOC), KOTO-
pbie GUKCUPYIOTCS B OTYETE JUIsl COOTBETCTBYIOIICH CTyrneHU HarpyxeHus. Ecnu B
KOHILIE UCIIBITAHHSI HE OTMEYEHO Pa3pyLIECHUsI C HAPYIICHUEM CILIOIIHOCTH JPEBECH-
HBI 3JIEMEHTOB (Pa3pbIB, pacKalbIBAaHUE U T.J.), TO MOMEHTOM Pa3pyILICHUs SBISETCS
pe3Koe TMajieHue ycuius Ha pabodyeM Taljao CHUIOU3MEPHUTENS WU HENpPephIBHBIN
poct aedopmanuu 0€3 U3MEHEHHsI MpuiaraeMoro ycunus. Jns ananmsza xapaxkrepa
paspyiieHus (OCTaToOuHbIe 3MEHEeHHs (OpMBI THE3/1a, BHITHO Harens) oOpasell pac-
KaJIbIBA€TCA BJIOJIb BOJIOKOH MO ocu Hareneld. Ilocie ucnbiTanus omnpeaensercs
BJIQXKHOCTbH JIpEBECHHBI 00pa31ia C MOMOIIBIO 3IEKTPOHHOTO Biaromepa DB-2K.

CoJziepkaHre oT4yeTa

1.1. YcranoBjieHne pakTH4YeCKUX pa3MepoB odpasua
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Pucynox 1.1. KoHCTpyKIMs cOeTMHEHUS HAa TIUTUHAPUYECKUX HATeIsIX

Cornacuo m. 8.20 CIT 64.13330.2017 CHull 1I-25-80 «JlepeBsinHbIE KOH-
CTPYKIIUW» JUIS CTAJbHBIX Harejaeil HeoOXoauMo cOOIIOAATh CIEIYIOIINE yCIOBHS:
S, >27d;S,>3.5d; S,>3d.

S = S, = S3 =

HUcxonHble TaHHEIE:

H=350mMm; a=24 mm; c=24 mMm; b=75 mm; d=10 mm;

Simin=80 mM; S,=55 mM; S3=35 mm.

1.2. Cxema 3arpy:keHust 00pa3na u pacCTaHOBKA NPUOOPOB
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Pucynox 1.2. Cxema 3arpyxeHnus 00pasia u pacCTaHOBKH MPUOOPOB:

1 — UHIUKATOPBI; 2 — YTOJKH; 3 — HIYPYIIbI



Jlns uzmepenus nedopMaiuii caBura B IMiBax Ha 0Opaslie yCTaHABJIMBAIOT J1Ba
WHIUKATOpa KOTOPBIE 3aKPEIUIAIOT HAa KpPaWHUX JIOCKAX TakKUM 00pa3oM, YTOOBI

WTUPT UHAUKATOPA YIUPAJICS B YTOJIOK, MPUKPEIIIICHHBIN K Cpe/THeN JOCKe.
1.3. Onpenesienne pacueTHOi Hecyleil cnoco0HOCTH 00pa3ua

PacdeTHy10 HeCylyl0 CIIOCOOHOCTb HAareJIbHOTO COECIUHEHUS ONPEAEIIOT 110

dhopmyie:

Ty

=m-ng: Toms
rJie m - KOJU4YECTBO Harelei;

N, - KOJIUYECTBO "CPE30B" OTHOTO HATETIS, N, = 2;

cp
T,z - HAMMEHbBIIAs Hecylasi CHOCOOHOCTh OJHOTO "cpe3a' Harels, onpeaes-
eMasi U3 TPEX YCIOBUU:
a) W3 YCIIOBHsSI CMSTHsI APEBECHHBI KpaiiHero anmemeHTta (@, d, crojacTaBUTh B

(bOpMYJIBI B CM)

T,=12-a-d-my, =

0) U3 yCJIOBUS CMATHS APEBECUHBI CPEIHETO PJIEMEHTA

T.=0,75-c-d-my, =

B) U3 YCJIOBUSI M3ruba Haremis

T,=(2,2-d*+0,025-a%) - /m,y, =

Ho ue 6onee 3,1-d? - /my, =

MHUH

PacuetHnas HECyIIas1 CIIOCOOHOCTH HAreJILHOTO COCANHCHUA paBHA:

To,=mng Ty =



HOCKOHBKy HUCIBITAHUC HAI'CJIBHOTO COCAMHCHUSA ITPOBOJIAT KpaTKOBpeMeHHOﬁ

Harpy3kou, To (pakTUYECKyI0 HECYIIYIO ClIOCOOHOCTH 00pa3iia HeoOX0AMMOOTIpee-
JATH C y4€TOM KO3 puimenTa m

= 0,67- ycpeaHeHHOe 3HaYeHNE K0P DUITMEHTA, YYUTHIBAIOIIETO CHIDKCHUE

IMPOYHOCTHU APCBCCUHBI ITPU NJINTCIBHOM I[GﬁCTBHI’I HArpys3KHu.

dpakT == Tp/0,67 ==

J171s1 BBITIOJTHEHUS J1Ta00paTOpHO# paboThl HEOOXOAMMO 3aIOJHUTH TaOJHILY.
AC1, = Cl1, — Cl,;

AC1; = AC1;_; + (Cl;4, — C1));

AC2, = C2, — C2;;

AC2; = C2;_1 + (C2;41 — C2));

HaIpuMep,

AC1, =C1, — Cl, =99 — 100 = —1;

AC1, = AC1, + (C13—C1,) = —1+ (101 —99) = -1+ 2 = 1;

AC1, = AC1, + (C1, — C1;) = 1+ (103 — 101) = 3;

AC1, = AC1; + (Cl; — C1,) = 3+ (105 — 103) = 5;

AC2, = C2, — C2, = 105 — 100 = 5;

AC2, = AC2;, + (C2; — C2,) =5+ (112 —105) =5+ 7 = 12;
AC25 = AC2, + (C2, — C25) = 12 + (121 — 112) = 21;

AC2, = AC25 + (C25 — C2,) = 21 + (128 — 121) = 28;

AC1;+AC2; _ —1+5 AC1+AC2; _ 1+12
Acp; =—— = =2; Acp; = = = 6,5;
l ' 1 »
2 2 2 2
AC1,+AC2, _ 3+21 AC13+AC2; _ 5+28
Acp, = 22 2 = — =12; Acp; = 32 2 = — =16,5;
AC1,+AC2, _ 7435
Acp, = ——= = = 21;

2 2
DTH 3HAYECHHS MONYYUINCh B MM * 1073, H03TOMY B ClIEIyIOMIEM CTONIOLE 3aIIH-

ChIBAaEM T€ )K€ 3HAUCHUS, HO y)Ke B MM (cM. Tabmuiry 1.1).



1.4. UcnbiTanue o0pa3ua

Taomuna 1.1.
7KypHaa HCnbITAHKI HATeJIBHOTO COEeNHHEHHST
= E WunukaTopst g é 2
2 o 5 :
s 2 8 N1 N2 Acp=(ACt1+| H E EX
o R > AC2)/2 = =
z 5 & = 2
8 s C1 ACA1 Cc2 AC2 o o =
s = 8
1 0 100 Py 100 ez o 000
-1 5 2,0 :
2 3 99 105 0,020
1 12 6,5
3 6 101 112 0,065
3 21 12,0
4 9 103 121 0,120
5 28 16,5
5 12 105 128 0,165
6 15 107 135
7 18 111 142
8 21 115 148
9 24 120 155
10 27 142 180
11 30 144 183
12 33 146 186
13 36 150 191
14 39 166 213
15 42 187 225
16 45 200 250
17 48 230 280
18 51 299 377
19 54 340 425
20 57 780 820

Y.




1.5. O0padoTKa pe3yabTaTOB UCIIBITAHUI
[Tocne okOHYAaHUS UCTIBITAHUS MO JaHHBIM Ta0d. 1.1. CTPOST 3aBUCHMOCTH Tie-

pEMENIEHUI HareJIbHOTO COETMHEHMSI OT HArpy3KU

60

50

40
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20

Pucynok 1.3. I'paduk 3aBucumoctu aedopmaiuii cBura HareJIbHOTO COEIH-
HEHHUSI OT Harpy3Ku

P€3yJ'IBTaTBI HUCIILITAHUN COMOCTABJISIOT C TCOPECTUUCCKUMHU 3HAYCHUSAMMU.

1.6. BuiBoabI

Pmax/Tpacq =
rae Pa = 57 xkH

PAZMM/TpaCll =
rae PAZMM OIIPEACIIACTCA 110 Fpa(i)I/IKy TO 3HAYCHUC P, KOTOPOE€ COOTBCTCTBYCT OOIIYy-
CTUMOMY NIEPEMEIICHHUIO COEUHEHHUS], PABHOMY 2 MM.

[IpenenpHast Harpy3Ka MPEBBIIAET PACUETHYIO B pas.

B coennaeHnn HabIr01a€TCS 3a11ac MPOYHOCTH, PaBHBIIN
(Crona mosicTaBisAOTCS 3HAYEHH S, BRIYMCIICHHBIC BBIIIE B paszeie BoiBob).

1.7. KoHTpOJIbHBbIE BONPOCHI

10
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UYro HaspIiBaeTcs Harenem? M3 kakux MaTepuaioB U Kakon (hOPMBI MOTYT U3TO-
TaBJIMBATHCS HATEJIU?

Kaknmu nmpubopamu uzmepsiercs aedopmarius CABUTa B COSTUHEHNUN?

N3 xakux yclioBHi ONpeeNsaioT pACUETHYIO HECYITYIO CHOCOOHOCTh COEIUHE-
HUs?

[ToueMy pexoMeHayeTcsa pa3MelaTh HWJINHIPUYECKUE HATENN B YETHOE KOJIUYe-
CTBO psI1I0B?

UYem 00BsiICHSAETCSA PACXOKICHUE MEXKITY ONBITHBIMU M TEOPETUUECKUMU BETUYU-
HaMmu?

[ToueMy TEpMUH «Cpe3» HATENS SBIAECTCS YCIOBHBIM?

11



2. UcnbiTaHue ABYXCPE3HOI'0 COCIMHCHHUA HA I'BO3IAX

Iens 1 3a1aun pabOTHI
OnpenenuTs TPOYHOCTH U 1e(POPMATUBHOCTH COCTMHEHHI HA TBO3/ISX.

OO01me noJoKeHust (TEOpETUYECKHE CBEICHMS )

['Bo3au B coenuHeHUsAx paboTaioT kak Harenu. OpaHako TOT (GakT, YTO OHU-
3a0UBalOTCS B JPEBECUHY, 00YCIOBIUBAET HEKOTOPbhIE OCOOEHHOCTH UX PaOOTHI:NpPHU
IuaMeTpe TBo3Aei MeHee 6 MM HMX Hecyllasi ClIOCOOHOCTh Ha CABUT HE 3aBUCHUT OT
yria, 00pa30BaHHOTO HANPABJICHUSIMHU CUJIbI U BOJIOKOH; 3a0CTPEHHBIN KOHEIl TBO3/IA
NEpEPE3aET U PA3JBUIAECT BOJIOKHA, YBEIMYMBAs OIACHOCTh pACKaJIbIBaHUA. OTY
OMACHOCTb YMEHBIIAIOT 00Jiee peJIKOW pacCTaHOBKOW IBO3JIEH, MOCPABHEHUIO C Hare-
JSIMU;, TIPU pacyeTe YUUTHIBAIOTCS TOJIBKO T€ TBO3/H, ITyOMHA3aIIEeMIICHUS KOTOPBIX
B JIpeBECHHE cocTaBlisieT He MeHee 4drB (drB — auamMeTprBo3zs B CM); IIPU STOM 3a-
OCTpPEHHBIN KOHel AnuHoi 1,5drB He yuuTthiBaercs B pabore. Hemocratkom reosue-
BBIX COCIMHEHUH SABJISIETCS UX MOJI3yYECTh.

JInuHa rBo3aen Ui KPEIUIEHUSI PACTSHYTBIX JJIEMEHTOB IIPUMEHSIETCS TaKOM,
yTOOBI TBO3/Ib MPOOUBA BCE CIUIAUMBAEMBIE DJIEMEHTHI, HO MPU 3TOM HE BBIXOIUJ
HapyKy. 3a0CTPEHHBIM KOHELl HE 3aCUMUTHIBAECTCA B JUIMHY rBo3Asa. Hampumep, mis
OJIHOCTOPOHHETO MPUOMBAHMS CXBATKH TONIIUHON 50 MM K CTPONUIMHETOJIIMHON
toxe 50 MM HyXHbI TBO3au JiuHOW 100 MM, a a7 NPUIIMBAHUSAIBYCTOPOHHEMN
cxBatku — 150 mm.

[Ipu cuiMBaHMM BCEX AIEMEHTOB KOHIIBI TBO3/EH JOJKHBI OCTAThCS B JIEPEBE.
BowuTtsie Takum oOpa3oM rBo3u paboTarOT Ha cpe3 (M3ruld), TO €CTh TBO3ACHIOIKHO
OBITh YCTAaHOBJICHO TaKOE KOJIMYECTBO, YTOOBI OHU HE ObLIM Cpe3aHbI(M30THYTHI) pac-
TATUBAIOIIMMH WA CKUMAIOIIMMU YCWIHSIMU. BBIXO TBO3/ISI HAPYKY XOTS OIIHMOKOM
M HE CUYMTAeTCs, HO BCE K€ KpailHe HEKEeJaTeJeH, KOHIIBIPXKABEIOT U 3apa’karoT
PKAaBUMHOU BECh CTEp>KeHb I'BO3/s. [Ipyu cBOOOAHOM BBIXOJI€ TBO3/SI U3 MAKeTa pac-
YETHYIO TOJIIMHY MOCJIEIHEr0 dJIEMEHTA ClIeyeT yMeHbIIaTh Ha 1,5d.

OOBEKTHI HcclieIoBaHus, 000py0BaHUE, MATEPUAIIbI U HATJISIHbIE TOCOOUS
JIByXCpe3HOe coequHEHNE Ha rBo3AsaX. Pa3peiBHas mamumHa P-5. MHaukaTopsl yaco-

Boro turna c reHoit nenenust 0.01 mm. Munmumerpoasi Oymara. DJIeKTPOHHbBIN Bia-
romep OB-2K.

3amanue Ha paboTy

VY cTaHOBUTH pa3pylIaAONlyI0 HATPY3Ky U CPAaBHUTH €€ C PACUETHOMN HECyIen CIio-
COOHOCTBIO COSTMHCHHMS; TIOCTPOUTH 3aBUCUMOCTSD Jie(popMalivii cABUra B COSIUHE-
HUUW OT Harpy3KU U OMPESTUTh AePOPMAIIUIO COSTUHEHHUS, OTBEYAIOIIYI0 PaCUETHOM
HECYIIEeH CIIOCOOHOCTH; YCTAHOBHUTH HArpy3Ky, COOTBETCTBYIOIIYIO BETUIMHE TIpe-
JIEBHO JOIYCTUMOTO CIIBUTA.

12



Xo1 paboThl (IOPSIOK BHITIOJIHEHUS PA0OTHI)

HcnbiTanue coeiMHEHUN MPOBOAUTCS BO3pACTAIOIIEH HArpy3Kou C JOBEICHUEM
00pas1oB 10 pa3pylIeHus Ha pa3pbiBHOM MamuHe P-5. O0pa3usl coeauHeHuit wuc-
NBITHIBAIOT Ha CXKATHE 10 CXEMe, IpeicTaBleHHOM Ha puc. 1. Harpyska npukianbiBa-
€TCsl CTYNEHYaTO, Ha KAKJ0M CTYyNEeHU 3arpy>KeHHsl 3alUChIBAIOTCS OTCUYETHI IO TIPU-
O6opaMm B xkypHasue-otuéte. [lepen ucneiTanneMm kK oOpasliaM TPUKPEIUISIIOT WHUKA-
TOPBI YACOBOTO THUIA ISl U3MEpEeHHs Jedopmalinil (B3aMMHBIX CMEIICHUN COeTUHS-
eMbIX 3JieMeHTOB). J[Ba mHaukaTopa c neHoit aenenus 0.01 MM ycraHaBIMBaKOTCA C
IIPOTHUBOIIOJIOKHBIX CTOPOH 00pasua. [Ipukpemistorcs HANKATOPbI K KpalHUM J0C-
KaM, YIophbl Ui ITU(TOB K CpelHed TOCKe, TAKUM 00pa3oM, YTOObI MOJT HArPy3KOH
MTUQTH BBIIBUTAINCH U3 KOPITYCOB MHAUKATOPOB. [Ipu 3TOM OTCYETHI MO MHIWKA-
TOpaM UIYT MO MEPE HArpy>KEHUsl B CTOPOHY YMEHBIIEHUS, YTO JODKHO YUUTHIBATh-
Csl IPU BBIYUCICHUM AepopManuid coequHenus. [locne ucuepnanus padboyero xonaa
mTU(PTOB ehopMaluy ONMPENEISAIOTCS MO0 CMEIICHUIO Pa3pe3aHHbIX MOJIOC MpeaBa-
PUTENIHO HAaKJIEEHHOW MUJUIUMETPOBOM OyMmardu.

Bo BpeMms ucnbiTanuil Takke QUKCUPYIOTCS pa3ivyuHble U3MEHEHUs B 00pasLe
(Tpeck, TpemMHbI, MEPEKOC), KOTOPbIE (PUKCUPYIOTCS B OTYETE JJISi COOTBETCTBYIO-
e cryneHu HarpykeHus. Eciii B KOHIIE MCHBITaHUS HE OTMEUEHO pPa3pyIlICHUs ¢
HapyLIEHUEM CIUIOIIHOCTH JPEBECHHBI 3JIEMEHTOB (pa3phlB, PacKaJbIBaHUE U T.1I.),
TO MOMEHTOM pa3pylLIeHUs SBISETCS Pe3Koe MajJeHUe yCUius Ha padodyeM TabJo cu-
JIOU3MEPUTEISI WIIK HEMPEPBIBHOM pocT aedopmaiui 6€3 U3MEHEHHs IPUaraeMoro
ycunus. J{ns aHanmuza XapakTepa paspylieHusi (OCTaTOYHbIE M3MEHEHUsS (POpMBbI
rHE3/1a, BBITUO Haress ) o0pasel] packaiblBaeTcsl BAOJIb BOJIOKOH 1O ocHu Haresnei. [1o-
CJIe MCHBITaHUS OIpPEAEIIIeTCs] BIAKHOCTh IPEBECHMHBI 00paslia ¢ MOMOUIBIO 3JIEK-
TPOHHOTO Bilaromepa JB-2K.

Copep:xanue oruera
2.1. YcraHoB/ieHHe (PaKTHYECKUX pa3MepoB odpa3ua.

Cornacnao CII 64.13330.2017 s rBO31EH HEOOXOIUMO COOTIOATh CIIETYIO-
IIHE YCIIOBUS:

PaccrostHre Mex 1y OCSIMH TBO3/I€H BJIOJIb BOJIOKOH JIPEBECHHBI CJICTyeT IPH-
HUMAaTh HE MCHEe:

S1 = 15d — pu Tommmue nmpobuBaemoro 3meMenta ¢ = 10d,;

S1 = 25d — npu Tommmue mpobuBaemMoro 3eMeHTa ¢ = 4d;

PaccrostHre OT TBO3/s 10 TOPIIA AJIEMEHTa BOJIb BOJIOKOH JAPEBECHHBI CIICAYET
npuHUMAaTh He MeHee S; = 15d.

PaccTostHre MeX 1y OCSMH I'BO3ICH MOMNEPEK BOJIOKOH JAPEBECHUHBI ITPH MPAMOMA
paccTaHOBKE I'BO3JICH clielyeT MpUHUMAaTh HE MeHee S, = S3 = 4d.
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====== + 4+
% 1.5d
====== + 4+
: g A 10
====== 4+ 4+ =
. NWI%
=== +++4+ L
o) Q S3 S3
o D
C Se

Puc. 1. KoHCcTpyKIIHsI COEAMHEHUS HA TBO3/ISIX

Puc. 2. Cxema 3arpy>kenusi oOpasiia u pacCTaHOBKH IIPUOOPOB.
1 — UHIUKATOPBI; 2 — YTOJKH; 3 — IIyPYIbI

Hcxonnaeie nanueie: H=375MmM;

a=20MMm; S1=60MmM;
c=26MM; S,=16mM;
B=05MM; S;=16Mmm;

JTWaMETp TBO31s 2,5MM.

2.2. Cxema 3arpy:xeHus 00pa3ua u pacCTaHOBKa NpudOpoB

P

'

G

P/B% %P/E

et

I

++++ﬁ£§j
3

et

J=—=

Jlns usmepenus aedopMalivii cABUra B 1IBax Ha 00pasile yCTaHABJIMBAIOT JIBa
WHJIUKATOPa KOTOPHIE 3aKPEIUISIOT Ha KpaHUX JOCKax TaKUM 00pa3oM, 4TOObI UH-
JAKATOP YIUPAJICS B YTOJIOK, IIPUKPETIIEHHBIN K CPEHEN JTOCKE.
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2.3. Onpenesnenne pacyeTHOH Hecyllel cocoOHOCTH o0pa3ia

PaC‘-ICTHYI-O HCCYHIYIO CITOCOOHOCTh I'BO3ICBOT'0 COCAMHCHUS OIIPCACIIAIOT 110

dhopmyie:

Tp =m- N, J N

r7Ie M - KOJUYECTBO Haresnel (TBo3aei);
N¢p - KOJIMYECTBO "CPE30B" OJIHOTO HATreEJIs;
T\ - HAUMEHBIIIAS HECYIIast CIIOCOOHOCTh OJTHOTO "'cpe3a' Harens, onpenese-
Masi M3 TpeX YCIOBUH
a) W3 YCIIOBUS CMSTHSI IPEBECUHBI KpaitHETO JIeMEeHTa

a=a-—15d =

T,=12-a-d -m,, =

6) N3 YCI0BUA CMATHUA APCBCCUHBI CPCAHCTO 3JICMCHTA

T.=0,75-c-d-my, =

B) U3 YCJIOBHS U3ruda reo3 s

T, = (3,1d% + 0,012a?) - /m,, =

5d2 My, =
T =Tnin =

Ty

=m-:Ne - Tnin=

(haKTHYECKYI0 HECYIITYIO CTOCOOHOCTh 00pa3iia HeOOXOAMMO OTIPENIETISATh C yYETOM
Koo dunmenta m,

My, = 0,67 — ycpennennoe 3na4eHre Ko3pOULUUEHTa, yYUTHIBAIOLIEr0 CHUKEHUE
MIPOYHOCTH JIPEBECUHBI TIPH JUTUTSILHOM JCHCTBUH HATPY3KH:

Tp

T
= 067

15



2.4 O0paboTKa pe3yJIbTATOB HCHBITAHUI

)KypHan UCNbITaHMN COeAUHEHMA Ha rBO3aAX

= = WHavkaTtopbl
o £ o nepemet
o O
g § g n1 n2 ACcp eHne Mpumeya
5 8 2 CoeANHeH Hue
< g = c1 AC1 c2 AC2 Vs, MM
T
1 0 100 pp 100 i 0,000
2 9 5,5
2 5 102 109 0,055
10 33 21,5
3 10 110 133 0,022
4 15 125 169
5 20 155 220
6 25 220 305
7 30 290 410
8 35 390 7 " 530 R SR
51

ITocne okoHYaHMS UCTIBITAHUS T10 JaHHBIM TabmI. 2 CTPOAT 3aBUCUMOCTH IICPC-
MGH_IGHI/Iﬁ I'BO3ACBOIo COCAMHCHUS OT HAI'PY3KHU.

40

35

30

25

L 4

20

15

10

0.00

0.50

1.00

1.50

2.00

Puc. 8. I'paduk saBncmmocTn gedopmaunii casura CoeguHEHUs Ha rBo3asax OT Harpysku.

2.5.CpaBHeHHe TEOPETHYECKHUX M IKCIIEPMMEHTAJbHBIX BEJIMYMH U AaHAJINU3 pe-
3yJbTATOB UCHBITAHUS.

PCBy.HBTaTBI HWCHOBITAHUN CONOCTABISAIOT C TCOPECTUUCCKUMHU 3HAUCHUAMMU.
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P, /T, =51/

A2 mm /Tqb =
Apactt /AZMM = / 2
A, =2mm
2.6. BBIBO/I:

2.7. KoHTpoJIbHbIE BONPOCHI
1. Kakwue cyiiecTByIoT criocoObl pa3MenieHus TBO3Ci?

2. Kak onpenensercss MUHUMaIbHOE PACCTOSTHUE MEXKy TBO3SMHU BJI0JIb BOJIOKOH
JIPEBECHHBI?

3. W3 xakux yCIOBHI ONPEACISIOT paCUETHYIO HECYIIYIO CITOCOOHOCTh COCTMHCHHUSI
Ha TBO3AX?

4. Kak ornpeaenuTb MUHUMAJIbHYIO JUTUHY TBO3/ISI B IBYXCPE3HOM COSIUHEHUU TIPU
TOJIIIMHE KPAHHUX AJIEMEHTOB «a», CPETHETO — «C»?

5. Kak Ha3HavaeTcs BeMUMHA CTYIIEHU HArpy>KeHUsI PU UCTIBITAHUH 00pasia’?

6. UeM MOXXHO OOBSICHHUTH PACXOXKICHUE MEXKTY ONBITHEIMU M TEOPETUICCKUMU Be-
JIMYAHAMHU?

7. UeM 00ycCIIOBIICHO TIPEACIbHOE COCTOSIHUE TBO3/IEBBIX COCAMHEHUN?

17



3. UcnbiTaHue TPeyroabHoi 6pycuaToii ¢pepMbl Ha 1000BbIX BpyOKax

Llenp 1 3a1a4¥ pabOTHI
N3ydenue paboThI OMOPHOTO y371a (GepMBbI.

OO0mme 1moJI0KeHN (TEOPETUUYECKUE CBEICHMS)
Jlnst Toro 4toObl oOecrmeunTh paboTy PackoCcoB TOJBKO Ha C)KaThe, B Tpe-

YTOJIbHBIX (hepMax Ha JIOOOBBIX BPyOKax MPUHUMAIOT PACKOCHYIO PEIIETKY ¢ HUCXO-
ISAIMMUA packocaMu. BepXHuUM M HMKHUH Mosica, a TakXKe C)KaTble PacKochl Tpe-
YTOJBHBIX (hepM Ha JOOOBBIX BpyOKax OOBIYHO BBIMOJHSIOTCS M3 OpYyChEB WU U3
opeseH. [losica u packockl OpycuathiXx (hepM Ha JIOOOBBIX BPYOKax BBINOJIHSIOT U3
OpycbeB OJIHOM W TOM K€ IIMPUHBI MONEPEYHOTO CEUYEHHUsS, a BBICOTY CEUEHUS 3Jie-
MEHTOB OINPEACIISIIOT COOTBETCTBYIOIINM pacueToM. Pacuer ¢pepm Ha 1000BBIX BpYO-
Kax aHaJIOTWUYEH pacyeTy ¢pepM Apyrux BuaoB. OTINYME COCTOUT B pacyeTe y3J0B Ha

7000BBIX BpyOKax, CyTh KOTOPOIO U3JIOkKeHa B 11. 3.4.

OOBEKTHI HcclieIOBaHUs, 000pYA0BaHUE, MATEPUAIIBI U HATJISIHBIE TOCOOUS
TpeyronsHas Opycuatasi ¢pepma Ha J000BBIX BpyOkax. PaspriBHas mamuna P-

5. NHnukaTopsl yacoBoro tuma ¢ neHon aenenus 0.01 MM. DneKTpOHHBIN Bilaromep
OB-2K. Dnextponnsiii uzmeputens nepopmauuii AWJ-2M ¢ KOMHOEHCUPYIOLIUM

YCTPOMCTBOM C BBIXOJIOM IIKajibl AC: 107,

3ajiagre Ha padborty (pabouee 3aaaHue)
Y CTaHOBUTH CXeMy pa3pyIICHUs OMOPbBI, ONMPEACIUTh Pa3pyIIAIIY0 HArPy3-

Ky U CpaBHHUTb €€ C pacyeTHOM Hecylled CIOCOOHOCTBIO COEAMHEHUs, MOCTPOUTH
rpa@uk 3aBUCUMOCTH Jepopmanuu cMsATUS BpyOKM MpHU PacYETHOW HArpysKe, BbI-
YHUCIUThH 3HAUEHUSI HOPMaJIbHBIX HAPSDKEHUH B 0CIabJIEHHOM M HeocaabJIeHHOM ce-

YEHUSIX HIXKHETO Mmosca (pepMbl IpH TEHCTBUM PACUETHOW HArPY3KH.

X011 paboThI (TTOPSIOK BBITTOJIHEHUS PAOOTHI)
Hcnbrtanne pepMbl TPOBOIUTCA BO3pACTAIOIIEH HArpy3KO# ¢ IOBEJEHUEM 00-

PasIoB JI0 pa3pyllieHus: Ha pa3pbIiBHON MatirHe P-5. O0pasiibl coeAuHEHU UCTIBITHI-
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BAIOT IO CXEME, MPEJICTaBIEHHOM Ha puc. 3.2. Harpy3ka npukiaapBaeTCsl CTyleHYa-
TO, HA Ka)KJOW CTYIIEHU 3arpy>KCHHs 3alUCBIBAIOTCS OTCUETHI MO MPUOOpaM B XKyp-
Hasie-oTuéte. [lepen ucnbiTaHueM K oOpa3laM NPUKPEIUISIIOT HUHIUKATOPbl YaCOBOIO
TUMNA JUIsI U3MepeHus Aedopmaiuii (B3aUMHBIX CMEIIEHUN COEeIUHSEMBIX 3JIEMEH-
ToB). J[Ba mHAMKaTOpa ¢ neHoil nenenus 0.01 MM ycTaHaBIMBAOTCS C IMPOTHUBOIIO-
JIO’KHBIX CTOPOH 00pasla.

Bo Bpems ucnbITanmii Takke (GUKCUPYIOTCS pa3inyHble U3MEHEHUs! B o0pasiie
(Tpeck, TpemmHbI, MEPEKOC), KOTOPbIE (PUKCUPYIOTCS B OTYETE NJIsi COOTBETCTBYIO-
el CTyNeHH HarpykeHus. B KOHIle UCTIBITaHUsI MPOUCXOIUT pa3pylleHre o0pasiia C
HapyILIEHUEM CIUIOIIHOCTU JIPEBECHUHBI AJIEMEHTOB (pa3pbIB, CKaJIbIBaHUE U T.1.). I1o-
CJI€ WCIIBITAHUS ONPEIENSIETCS BIIAXXHOCTh JPEBECHHBI OoOpa3la C MOMOIIbIO 3JIEK-
TPOHHOTO Bilaromepa JB-2K.

CoJziepkaHre oT4yeTa

3.1. YcraHoBiieHHe (paKTHUYECKHX pa3MepoB o0pa3ia

Pucynok 3.1. KoHCTpyKIMs TpeyroiabHO# (pepMbl Ha T000BBIX BpyOKax:
1 — ropuzoHTaIBbHBIA Opyc HMXKHETO Mosica; 2 — HAKJIOHHBIM OpycC BepXHeEro
nosica; 3 — KIIMHOBUIHBIN Opyc; 4 — BpeMEHHbIE MOHTa)KHBIE JIEPEBSHHbBIC TIAHKH
Ucxonubie manneie: H =235 mm; 1 = 692 mm; h, = 67 mwMm;
ly =183 mMm; L, = 928 mm;
hyp = 22 MM; b = 44 My;
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L, = 65 mMm; h, = 16 mMm; a=34°

3.2. Cxema 3arpy»eHusi 00pa3ua U pacCTaHOBKH NPpUOOPOB

P/e

Pucynok 3.2. Cxema 3arpyxeHusi o0pasia U pacCTaHOBKU MTPUOOPOB:
1 — uHaUKATOpPBL; 2 — YronokK; 3 — ynopsl; 4 — HENOABWKHAS Omopa; 5 — mo-

JBIKHAs (KaTKOBasi) omopa

depma — 00pazel] ycTaHaBIMBACTCS Ha TPaBEPCy MCHBITATEIILHOW MaIllMHBI
WU TIpecca U MPOU3ZBOAMUTCS MpUKAaTUE KIMHOBUIHOTO Opyca. lleHTpupoBaHue
OTIOPHBIX Y3JI0B 00pa3iia MPOU3BOJIUTCS MO OCIA0JICHHOMY CEUYEHHIO0. DTO JIOCTUra-
€TCSl YCTAaHOBKOW HEMOJBWKHOW M TOJIBUKHOW OIMOP B MECTax NEPECEUCHUsT OCHU
HAKJIOHHOTO 3JIEMEHTa U OCH HUKHETO TOPU30HTAIBLHOIO 3JIEMEHTA, MPOXOJSIIErO
gyepes 0cIabICHHOE CEUCHHUE.

3.3. OnpenesieHne pacueTHOM Hecylleil cnocoOHOCTH 00pa3ia

Mopyne ynpyroctu BaoJib BojiokoH: E=10000 MI1a; Egy=400MIIa.
Mopyinb ynpyroctu nomnepek BoiaokoH: Ege=400MIIa.

< cM _
RS, = =

1+ (32— 1) - sin®

Rew
rnie R.,, =19,5-1=19,5MIla — pacueTHOE€ CONMPOTHUBIICHUE CMATHUIO BIOJbH BO-
JIOKOH
(CIT 64.13330.2017 «CHulI 11-25-80 JlepeBsiHHbIC KOHCTPYKIMW» Ta0u1.3 1m.1a);
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R =451 = 4,5 MIla— pacueTHOE CONMPOTUBIIEHHE CMSATHIO TIONEPEK BOJIO-
KOH
(CIT 64.13330.2017 «CHulI 11-25-80 JlepeBsiHHbIC KOHCTPYKIMW» Ta0J1.3 11.4a);

R, = MIIa — pacueTHOE CONPOTUBICHUE CMATHIO IO YIJIOM 0.=34°;

R = 3,2-1 = 3,2 MIla— MakCUMaJIbHOE€ PACUYETHOE COINPOTUBIICHUE CKAJIBI-
BaHUIO BOJb BOJIOKOH

(CIT 64.13330.2017 «CHuII 11-25-80 [epeBsiHHBIE KOHCTPYKIHN» TaOII.3
1.5B);

c
RCE — CpCAHCC PACUCTHOC COIMPOTUBJIICHHUC CKAJIIBIBAHHUIO BAOJIb BOJIOKOH.

CpenHee pacueTHOE CONPOTHUBIICHUE CKAJIBIBAHUIO BJIOJIb BOJIOKOH:
ch _ RCK _
cK le
1+p ~
rae [ = 0,25— smmupudecknii Kod3hGUIUMEHT TPHU OJHOCTOPOHHEM CKaJbIBAHWU;

lCK— AJIMHa IUIOIMAJAKM CKaJlbIBaHUA;, €— IIJICYO IIapbl CKaJbIBAIOIIUX CHII,

h h.—h. h
__"mp H Bp _ m
e=o Tt =3

3.4. Yceuius, AeHCTBYIOLIUE B J1I000BOH BpYyOKe, H 3IIOPbI CKAJIbIBAIOIIMX
HANPSKEHU I 10 JJIMHE IVI0IAIKHA CKAJIbIBAHUSA

Pucynok 3.3. Ycunus, aeiictByromue B 1000BOi BpyOKe

Marepuan — cocHa 2 copr.

PacueTnyto Harpy3ky Ha oOpaser] P onpenemnstoT Mo pacyeTHOW Hecylen
CIIOCOOHOCTH 3JIEMEHTOB U COeIMHEHUH (epMbl (TP MOJCTAaHOBKE 3HaYeHHM B (op-
MyJibl OOpaliaiiTe BHUMaHUEe Ha pa3MepHOcTH!). Ycuius HeoOXOaUMO MOJYYUTh B
kH, m1s storo R moxcrasmsror B kH/cM?, a Bce JIHHEHHbIE pa3Mepbl B CM (CMOTpH
pUMep MOJCTAHOBKHM 3HAYEHUN B MyHKTE 0):

a) U3 YCIOBUS CKaJIbIBAHUS BPYOKHU
P=RXY l, b 2 tgx=
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0) U3 yCIOBUS CMATHS BPYOKHU
P=R3 hy, b-2 tg x=

B) N3 YCJIOBUA pa3pbiBa HUKHCTO 2JICMCHTA B 0c1a0JIEHHOM CEYEHUH
P=R, b (h;—hy) 2 tg x=

rae Rp = 10,5-1 = 10,5 MIla— pacueTHOE CONPOTUBJIEHNUE PACTSHKECHUIO BI0JIb BO-
JIOKOH.

[Ipu paspeiBe B ocnabieHHOM cedeHuu P ompepensieTcss u3 GopMyibl BHE-
IIEHTPEHHOT'O PACTSIKCHUS:

Np+ M'Rp <R
c=—+—"7-<
Eap I/Vpva'RM P

rae R, = 19,5-1 = 19,5 MIla— pacueTHO€ CONPOTHUBIICHNE U3THOY .

FHT = bH(hH - th) =
_ th

VVpacq =

— MOMCHT COIIPOTHBJICHUA ITOIICPCYHOI'O CCUHCHUS HUKHECTO 11051Ca CI)CpMBI.

P=N, =

$2-tg X=

e' "R

Yp + p/W ‘R
HT pac4d u

I') U3 YCIOBHS IIOTEPU YCTOMUMBOCTH HAKJIOHHOTO CEYEHHUS:
P=Rc'Fi)acq'(p'2'tg X=

rae R, = 19,5-1 = 19,5 MIla— pacdyeTHOE CONPOTUBIICHUE CKATHIO.
[
pacu

A=0289b "
ecin A <70, To cornacao CHull 11-25-80:
2

=1 08<A> =
= ©\100) ~
Fbacqzb'hsz

N3 Bcex cun P, BBIYHMCJICHHBIX BBIIIC BBI6I/IpaIOT MHHHUMAJIBHOC 3HA4YCHHUC:

Pmin
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p’ _ 4I'min
pacuy.teop — k
aJ

rae k,, = 0,66;

IIpu ckanbiBaHUU:

PI
CK __ ‘pacuTeop
Ppva.Teop - k -
OZHOPp
IIpu pacTsxeHnu:
!
Pp . Ppacq.Teop _
pacy.teop ~ k -
OZHOD

kopmop— K0 dHIMEHT 0HOpOAHOCTH MaTepuana (npu ckaibiBanuu 0,7 u 0,27 npu
PACTSKEHHH ).

Ta6auma 3.1.
XypHan ncnbiTaHus ¢pepmMbl Ha 1060BbIX BpyOKax
T Qe s
= 4 WHavkaTopsl = IS = UHavkaTopsl
© 3 a o |F g
88| o K V2 T 123 V3 14
o S » &) O I =
g 2| 2 2 135
Zz S E C1 AC1 C2 ACz L”) % 8 C3 AC3 C4 AC4
I C O
1 0 300 o E 4 0,085 | 450
2 3 289 328 : 460 -440
43 19 25
3 6 289 343 469 -425
4 9 289 359 478 -408
5 12 289 374 484 -390
6 15 289 390 488 -370
7 18 0,7 -
285 -30 410 170 70 488 89 350 140
8 21 270 [ - 489 [

Heobxoaumo 3anonHuth Tadbauiy 3.1. 3HaueHus! BBIYUCIAIOTCS 10 (opmyiaMm,
aHAJIOTUYHBIM H3JIOKEHHBIM B JabopatopHoit padote Nel. Hekoropsie momns yxe 3a-
MOJIHEHBI Ui yA0OCTBa U MpPOBEpKU. 3aTreM cTpouM rpaduk. Ilo ropusoHTambHON
OCH OTKJIAJbIBAIOT NIEPEMEIICHUE COEUHEHUS B MM, IO BEPTHKAIBHOM - Harpy3Ky P.

3.5. O0paboTKa pe3yJbTATOB UCIIBITAHUS
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Pucynok 3.4. I'paduk 3aBUCUMOCTH CMATUS BPYOKH OT HArpy3Ku

[To nokazarensiM HHAMKATOPOB BHIYUCIISIEM HOPMAJIbHbIE HANPSKEHUS B CeUe-
HUSAX HUKHETO Nosica MPU PacueTHOM Harpyske.

PCK

pacu.Teop

IIpu ckansiBanum: N, = ——— =

2:sin«
PP
IIpu pactsokenuu: N, = ﬁ =
Tox =1 N-Cb -
CK
o, = £ =
* (hy—hy) b

[Tpubop snekTpoHHbI u3mMeputens aehopmatnitAN-2M ¢ koMiieHcupyto-
IIMM YCTPOMCTBOM € BBIXOAOM MIKaIbl ACs.4° 107,

3.6. CpaBHeHHE TeOPeTHYECKHUX U IKCIIEPUMEHTAJILHBIX BeJIMYMH M AHAJIN3 pPe-
3yJIbTATOB UCHBITAHMS.
IIpu cxanbiBaHUM

Pmax

Ppacq.Teop
rae Py = 21 kH;

CM.OII.

ACM.Teop.
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rne Acyon - 3HaUCHHE, KOTOpOe OepeTcs u3 Tabauipsl 3.1 (mepeMerienne coeTuHeHus
MaKCUMaNbHOE); Acy reop. = 1,5 MM.

3.7. BeIBOABI
3arac NpoOYHOCTH IIPU CKAJBIBAHUHU B 3TOM OIIBITE

MakcumajabHoOe Haﬁ.mo):[aeMoe nepeMemecHue CoCTaBJasaAeT OoT J0IMyCTHMOTIO.

3.8. KoHTposbHbIE BONIPOCHI
1. B xaxux mpejienax J0JDKHBI HaxomuThes N ul ?

2. Kak HeoOX0oauMo IIEHTPUPOBATh J000BBIC BpYOKH C OJJHUM 3yOoM?
3. Uemy paBHseTcs npeenbHas aegopMaius CMITHS B JI000BOI BpyOke?

4. V3 Kakux YCIIOBHI OMNPEACNSIIOT PACUETHYIO HECYIYI0 CIOCOOHOCTH JIOOOBOI
BpyOKu?

5. Kak onpenienurs cpeiHee CKabIBAIOIIEE HAMPSKECHUH, JECUCTBYIOIIETO 1O JJIMHE
IUTOIAIKY CKAJILIBAHUS?

6. [{ns 4ero Hy>KHBI B OTIOPHOM Y3Ji€ aBapUUHBIA 00T, ToA(epMeHHas TOIKIIaaKa,
OTIOpHAsl NOyIIKa?

7. [Tpu4urHbBI PaCX0XkKIACHHS MEX]TY ONBITHBIMU M TEOPETUUCCKUMU BETUUHMHAMU?

TeOpeTI/ILIeCKI/Ie — HACAIIM3UPOBAHHBIC. B onbITHBIX — AHU30TPOITHOCTD

CBOWCTB JIPEBECHUHBI, IOPOKH.

Crnmcok MCIoJIb30BaHHBLIX NICTOUYHHMKOB

1. Kanyrun, A. B. JlepeBsHHbIE KOHCTPYKIIUU: yueOHOE MMocoOue sl By30B /
A. B. Kanyrus . - 2-e uzn., ucnp. u jgoi. - M.: ACB, 2008. - 288 c.: u.
http://www.studentlibrary.ru/book/ISBN9785930935691.html, mo mapoo

2. I'punb, U.M. CTpouTenbHble KOHCTPYKIIMU U3 JE€PEBA U CHHTETUYECKUX Ma-
TEpUAJIOB. MIPOCKTUPOBAHUE U pacueT: ydueOHoe mocobue s By30B / .M. ['puns,
K.E. Ixaun-Temupos, B.U. I'puns. — 4-¢ uzn., crep. — MockBa: Anbsiae, 2013, — 222
C.: WL
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kH. — ISBN 978-5-7695-9536-3

4. BnosuH B.M. «KoHcTpykiiuu u3 iepeBa u miactmacc. IIpoektupoBanue e-
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