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Nel. OnpenesieHue napamMeTpoB pe3bOOBBIX COeHHE-
HUI U BBIOOP CIOCOOOB CTONMOPEHMSI

[lesib paboThbl - 3HAKOMCTBO C OCHOBHBIMH ITapaMeTpaMu pe3bObl U THMA-
MU pe3p0, OCHOBHBIMU THIIAMH PE3bOOBBIX COETWHEHHH, KOHCTPYKTHBHBI-
MU OopMaMH TOJIOBOK BUHTOB U T'aeK, CIIOCOOaMHU CTOTIOPEHHS.

OcHOBHBIE MapaMeTphI pe3b0bl. THIIBI pe3b0.

Pe3p00BEIMU HA3BIBAIOT pa3beMHBIE COCIMHEHUS, BBIIONHAEMBIE C
MIOMOIBIO PE3bOOBBIX KPENEKHBIX AETalleil - BUHTOB, raeK, LIMHUJIEK WIN
pe3b0bl, HETTOCPEACTBEHHO HAHECEHHOW Ha COeIMHSAEMbIE ACTAIH.

ITo hopme OCHOBHOI MOBEPXHOCTH Pe3bObI MOAPA3AEISAIOT HA LHU-
JTUHApUYecKue M KoHudeckue. lllupokoe npuMeHEHHE UMEIOT IeTalH C
LMIAHIPAYECKON Pe3n00it.

OcHOBHBIE TapaMeTPhl UIMHIPUIECKON Pe3bObl TOKa3aHbl Ha puc. 1 u 2.

PE3bBA METPUYECKASI
[OCT 9150-81, 8724-81
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Jns obo3HaueHHWsT AMAMETPOB JeTalld C Hapy>XHOW pe3p0or (B
OOJIBIIMHCTBE CITy4yacB - BUHTA) - HCHOJIB3YIOT CTPOUHBIe OYKBBI. [namer-
PBI JeTanu ¢ BHyTpEeHHeH pe3p0oii (raliku) 0003Ha4al0T NPONUCHBIMH OyK-
Bamu. O003HaueHHUA AMAMETPOB CIEAYIOIINE: HOMHHAIBHBINA (Hapy KHBIN
st BuHTa) d, D; cpennuit d, , D,; BHyTpeHHwmii d; BUHTa, BHYTpeHHHH D
raiiku, HapyXHbli D4 raiiku.

[Ipoduns pe3bOBI XapakTeprU3yIOT YIIIOM ¢ IPOohWIIs, yTiIoM ) Ha-
KJIOHA OOKOBOU CTOPOHBI PO K MEPIICHAUKYIISIPY K OCH pe3b0bI (00a B
OCEBOM CEUEHHH), BHICOTON H MCXOTHOTO TpeyroibHuKa (o0paszyercs mpu
NepeceyeHnt NPOoI0HKEHHsSI OOKOBBIX CTOPOH MpoduIs), pabouel BRICOTOM
npodwist H; pe3pObl (T.e. IPOEKIHEeH Ha MEPICHIUKYISIP K OCH pe3bObI
y4acTKa COIPUKOCHOBEHMSI BUHTA U Tailku).

[Har P - paccTosgHNE MEXy OJHOMMEHHBIMU CTOPOHAMH COCETHUX
npoduiei, ”3MepeHHOE B HAIIPABJICHUN OCH PE3BOBIL.

J1s MHOT03aXOIHBIX pe3b0 MCMONB3yIOT TepMuH "xon" Py (cm.
puc. 2), paBHBIM MPOU3BEIEHHUIO Iara M YMCia 3aX0A0B. XOJ paBeH pac-
CTOSIHHIO, HA KOTOPOE MEePEMELIAeTCsl BUHT BIOJb CBOEH OCH IPU IIOBOPOTE
Ha OIMH 000POT B HEMOABIKHOM TalKe.

VYron noxbema pa3BepTKH BUHTOBOM JIMHUM 10 CpeHEMY JHaMeT-
PY Pe3bOBI ONPEAETsIeTCs] COOTHOILICHUEM
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ITo Ha3zHaueHHIO PE3bOBI MOAPA3AEIAIOT Ha CIECAYIOIINE TPYIIIbL:

1) KpemnexHble, MpeTHA3HAYECHHBIE I CKPETUICHHS JeTalei;

2) KpemnexHO-YIUIOTHSIONINE, CIyXallde Kak i CKpeIvieHUs Je-
Tajel, TaK U Ui IPEeJOXPaHEHHs OT BBITEKaHUS )KUIKOCTH;

3) pe3bOBI As epeaayvy IBHKEHHS (B XOAOBBIX M IPY30BBIX BUHTAX).

Metpuueckas pe3bda (puc. 3). opma npoduis TpeyroiabHas ¢
yriaoMm o= 60°. Ilpodunb pe3pdbl - cummeTpuuHblil (y= o /2 = 30°), umeer
Cpe3bl 110 MPAMOI BepIIMH Pe3h0bl BUHTA U TAKH.
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[Ipodune BnaguH BHHTA W Taiiku HE perjaMeHTHpoBaH. Pabouas BbicoTa
npodwmrst H; = 0,54P. Merpudeckas pe3nda CTaHAAPTH3UPOBAHA, SBISICTCS

OCHOBHOH KperexHOH pe3b0oit. Hakimon 60koBOH cTOpPOHBI Tpodmiis obec-
MEYNBAET BOZMOXKHOCTD CO3IaHUS OOJIBIINX OCEBBIX CHII, & TAK)KE BO3MOXK-
HOCTb CAMOTOPMOKEHUS (BCIICACTBUE KITMHOBOTO 3 (eKkTa).

MeTtprdecKkyo pe3r0y BBIOIHSIOT C KPYIMHBIM F MEJIKUM IaraMu
(puc. 4).

3a OCHOBHYIO IPUHATA pe3b0a ¢ KPYIMHBIM Iarom. Menkyro pe3soy
MPUMEHSIOT AJsl PETYJIMPOBKH, JUIA COSAWHEHHS TOHKOCTCHHBIX, a TaKXkKe
TUHAMHYECKN HATPYKEHHBIX JeTaleH.

MeTtpudeckyto pe3b0y C KPYIMHBIM IIaroM
0003Ha4a0T OykBoil M M 4HCIIOM, BBIpAXKaIOLIUM
HOMWHAJBHBIN AHaMETp B MHJUIMMETPAaxX, HAIPAMeEpP
M20. JIast MenmKoi MeTpUYeCcCKOW pe3bObl TOTOTHH-
TEJIHHO YKa3bIBAIOT IIar, Hampumep M20x1,5.

Puc.4



TpanenenganbHas pe3bda (puc. 5 - cM. Huxe). Vimeer cummer-
puuHbIi mpodnis ¢ yrmamu o= 30° u p=a/2 = 15° u paboueir BbICOTOU
npodunst H,=0,5P. Pe3pba cranmaptusupoBana. lllar moxxer OBITH KpyTI-
HBIM, CPEJHUM U MEIKUM. MEHBIINN 0 CPAaBHEHUIO C METPUIECKON pe3b-
00l yrom HakIOHa OOKOBOW CTOPOHBI MPOQUIIS O0O0YCIOBIMBAET MEHBIITHE
MIOTEPH Ha TPEHUE IIPH HCIIOJIB30BAaHUH 3TOH pe3rObl. B cumiry dero pe3ndy
MPUMEHSIOT IS TIepeiaud JBHXKEHUS B XOJIOBBIX U TPY30BBIX BUHTAX MpPHU
JBYCTOPOHHEM (PEBEPCHBHOM) ABIKEHHMHM IO HArpys3koi. MHoroszaxon-
HYIO Tpamnernen1anbHyIo pe3p0y ¢ HOMUHAIBHBIM JuameTpoM 40 MM, X010M
12 MM u marom 6 mMm obozHauator 77 40x12 (P6); omHozaxonnyio - Tr
40x6.

YnopHas pe3boda (puc. 6). Imeer HecumMeTpuuHBIA poduis. Ee
MPUMEHSIFOT JUTSI XOJIOBBIX M TPY30BBIX BHHTOB C OOJBINONW OJHOCTOPOHHEMH
0CEBOI HAarpy3KoH. YTOJ HaklIoHa paboueil CTOPOHBI MPOQMIsL K MepIeH-
TUKYISpY K och pe3rOb! st noBeimennst KITJ[ BeiOupatoT moctaTouyHo Ma-
M (y = 3°), yroa HakJIoHa Hepabodel cropoHsl npoduins - 30°, paboyas
BBICOTa poduis, H,=0,75P. Pe3pda craHmapTH3UPOBaHA, IIar MOXET OBITh
KPYITHBIM, CPEJHAM U MEJIKHUM. MHOT03aX0HYI0 YIIOPHYIO pe3b0y, NMEro-
myw d =40 mmM, P,= 12 MM, P = 6 MM o0o3HauatoT S 40x12(P6); ogroza-
xoaHyto — S 40x6.

TPAIIEHENJAJIBHAS
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I[IpsvMoyroabpHas pe3bda (yroi HaKJIOHA OOKOBOI CTOPOHBI K TEp-
NEHIUKYISPY K ocH pe3bOnl ¥ = 0°). ObecneunBaet HauBbicuii KI1J1, HO
HeyJoOHa B M3TOTOBJICHUH, HE CTaHAAPTU3UPOBAHA.

Kpyraas pe3p6a. Ilpumensiercs mjis BHUHTOB, TOJABEPKEHHBIX
OOJIBIINM AMHAMUYECKUM Harpy3kam, a TakKe Ui BUHTOB, YaCTO 3aBHHYH-
BaeMbIX U OTBUHYHNBAEMBIX.

B mammHax, BBIIYIIEHHBIX B CTpaHax, IIe AECUCTBYET AHOMMOBAas
CUCTEMa Mep, UCIONB3YIOT AIOHMOBBIE PE3bOBI, B KOTOPBIX BMECTO IIara
3aJITaHO YHCIIO HUTOK Pe3hOBI Ha JIONM, a yrol npodust o = 55°.
HroiiMoBBIE Pe3bOBl HE MPUMEHSIOTCS TPU MPOCKTHPOBAHUN HOBBIX H3[IE-
Ui,

Tpyouasi pe3bba. llpeacraBnser coOoli MeNKyr AIOWUMOBYIO
pe3nly 6e3 3a30poB 10 BEICTyIaM H BHaauHaMm. OHA SIBISIETCS KPENEKHO-
YIUTIOTHSIOIIEH; ee MPUMEHSIOT ISl COeANHEHHUS TPYO.

Konnyeckne pe3np0bl. OOeceunBarOT HEMPOHHUIIAEMOCTH 03
CHEIUANBHBIX YIUIOTHEHUH. VX TPUMEHSIOT AJisi COeMHEHHs TpyO, ycTa-
HOBKM MPOOOK, MacieHOK W T.n. CTaHIapTHU30BaHbl TPU PE3bOBI C KO-
HyCHOCTBIO 1:16 (/2 = 1°47'24"). Ha puc. 7 mokazaHa TpyOHasi KOHHYE-
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cKas pe3pba ¢ yriioMm npodunst o = 55°. 151 BO3MOKHOCTH CBUHUMBAHHUS C
BHYTpPEHHEH NWIMHIPHYECKON Pe3r00i Mpoduiib pe3b0Obl KOHUYECKOH BBI-
TIOJTHSIFOT ¢ OMCCEKTPUCON yTiIa, MePIEHANKYIIIPHON OCH KoHyca. J{namer-
PBI Pe3b0BI U3MEPSAIOT B TAK Ha3bIBAEMOM OCHOBHOM IJIOCKOCTH, COOTBETCT-
BYIOIIEH TOPIy TAaliKH CO CTOPOHBI OOJBIIOTO nuameTpa pe3rObl. Konnde-
CKas pe3b0a MO3BONIAET 3aTSHKKONH KOMITIEHCHPOBATh M3HOC, OOECTIEYMBAET
Ooyiee paBHOMEPHOE paclpeiescHUe Harpy3Kd MEXIy BUTKaMu pe3bObl,
COKparaeT BpeMs Ha COOpKY.
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B mpoTokorne otdera no nadopaTopHOM paboTe CTyIEHT JOKEH Ha
IIPUBEACHHBIX 3CKHM3aX IIOCTaBUTh OOO3HAYEHHS OCHOBHBIX IapaMETpPOB
pe3bObI, MPUBECTH UX HANMEHOBAHUS, HA3BaTh OCHOBHBIE THUIIBI PE3b0, yKa-
3aTh 00ACTH MX MPUMEHEHHUS U YHCIIOBbIC 3HAYEHHUS] HEKOTOPBIX IMapaMeT-
POB.

OcHOBHBIE THIIBI 3ATATMBAEMbIX pe3560m,1x COeTMHEHHU

PaccmoTpum  pe3nOOBBIE COCNMMHEHWS, B KOTOPHIX BHHTBHI HIIU
LITWIBKK Pa3MEIIaloT B OTBEPCTUSX MPUCOCIUHAEMBIX JIETalIe ¢ 3a30poM



(puc. 8). [ns mepenaum BHEWIHEH HArpy3Kd TaKoe COEIWHEHHE Heoo-
XOUMO HAJJIeXKAaIUM 00pa3oM 3aTSHYTh.
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Ha puc. 8 mokazaHbl COeIMHEHUS BHIMIOJIHEHHBIC: a - BUHTOM C Taii-
Ko# (0onToM); 6 - BAHTOM; B - IIMUAJIBKOH C TAWKOM.

Ecnu coenmaeHne BBITTONHAIOT BUHTOM C Taiikoil (601TOM), TO OT-
najaeT HeoOXOJUMOCTh Hape3aHUs Pe3bObl B COCAMHACMBIX JETASAX. DTO
O0COOCHHO Ba)XXHO NMPHU HEBBICOKOW MPOYHOCTH MATEPHUATIOB COCIUHIEMBIX
netaneil. Ho anms Takoro coeamHeHUs TpeOyeTcss MECTO IJIS pa3MeIIeHus
rafiKu ¥ rOJIOBKK 00JITa, OHO MMEET HECKOJIbKO OOJNBIIYI0 Maccy, 4eM CO-
€/IMHCHUE BBINOJIHEHHOE BUHTOM. [IpM 3aBHMHYMBAHUM W OTBHHYUBAHUU
TaiKi HY»KHO YJepKUBaTh FOJOBKY 00JTa OT MTOBOPOTA.

CoenmHeHNe BUHTOM WM TIMWIBKON € Taifkod MPUMEHSIOT B TEX
CIIy4asix, KOrJla YCTAaHOBUTh OOJT HEBO3MOXXHO WJIM HepaluoHanbHo. Ha-
MIpUMep, HEBO3MOXKHO CKBO3HOE CBEpIIEHUE, HET MecTa Ui pa3MelleHUs
raiku (TOJIOBKW) WJIM HET JOCTYyIa K Taiike (TOJIOBKE), HEOOX0IUMO TIy00-
KOE€ CBEpJICHHUE W JUTMHHBIA OONT MpU OOJBIION TONIIUHE COSAMHIEMBIX
JeTanen.

Ecnmn mpu skcrutyaTanmy HEOOXOAMMEI 4YacThle pa300OpKH W TIO-
BTOpPHBIE COOPKH, TO HCIOJB3YIOT OOJITHI MM IIMHJIBKH, TaK KaK BHUHTHI
P MHOTOKPATHOM 33aBHHYMBAHUHM MOTYT MOBPEIAUTH Pe3bOy B JETallu.
[oBpexneHnue pe3rObl TeM OoJiee BEPOATHO, YeM MEHbBIIIE TPOYHOCTh MaTe-
puaia COSIUHIEMBIX ICTaJICH.

O0o03HayeHUs Ha pUC. 8: O - TOJIIIMHA COCTUHICMON TN,

d - HOMUHABHBIN TUaMeTp pe3b0OBBIX JeTalel; [ - ux niuuHa; b - 1muHa
Hape3aHHOH YacTh pe3b00Boi neTanu (y MMAIBKA: b - THHA TaeTHOTO
KOHIIA, b| - IJTMHA B3BUHYNBAEMOT0 PE3600BOTO KOHIIA).
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CoenmHeHNEe MOXKHO OCYIIECTBHUTD, €CIIH JITMHA HEHAPE3aHHON da-
CTH pPe3b00BOI feTanu ([ - b ) MEHBbIIIE TOJIIMHBI COSIUHSIEMBIX JIeTaleH,
HE UMEIOIIUX PE3hObI:

coequHenue 00iaToM /- b < X9;

COeIMHEHNE BUHTOM U IIMWIBKOH [ - b < &

I'myOuny 3aBUHYMBaHUSA /| B TEJO JETalld, UCXOMS U3 YCIOBHS PaB-
HOIIPOYHOCTH CTaJIhHOTO BHHTA M Pe3bOBI (MPU CpemHell MPOYHOCTH MaTe-
pHaoB), IPUHUMAIOT B COOTBETCTBUH C TaONUIEH, MPUBEJCHHON B padoTe
[1]. Ans mmunpky B TaOIUIE yKa3aH pa3Mep /), , Al BUHTA PUBEICH TUa-
Ma3oH pa3Mepa /;, B Ipeeniax KOTOpoTo 3TOT pa3Mep Ha3Ha4aeT KOHCTPYK-
TOD.

3HayeHus orHoureHus /,/d

Marepuain coeJuHAEMbIX JeTaiei
Bun
COCHMHEHI Cranp Uyryn Jlerkue cruiaBsl
BunaTtom 1..1,25 1,25...1,5 2..2,5
Immiskoi 1 1,25 2

HIHI/IJ'II)Ky 3aBUHYMBAKOT B JC€TaJlb TEM KOHIIOM, KOTOpBIﬁ nUMeEeT
MEHBIIIYIO JUIMHY Hape3ku ( b; ) 710 KOHIIa Hape3KH, T.e. 0 OTKa3a (puc.
8B): [}=b;.

I'myOvHa Hape3ku B OTBEPCTHH /, TSl BUHTA WK IITHAIBKH:

12 = 11 + (2 2,5) P.

['ry6uHa cBepaeHus o pe3soy /3.

L=1+(3+4)P,
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rac P - mar p63L6LI; 0ObIINE 3HAYEHUS IIPUHUMAIOT IIPU MaJlbIX JUaMET-
pax (mo 16 Mm).

B mporokone oTdera CTYACHT JOJDKEH HAa MPHUBEIECHHBIX ACKU3aX
MOCTaBUTh HEJOCTAOMIMEe 0003HAYCHUS Pa3MepOB, 3amucarh TpeOOBaHUS K
JUIMHE HE Hape3aHHOH yacTH (/ - b) KpenekHo# JeTaiu U rIyOMHE 3aBHH-
YUBaHMA /.

@dopmbl r0JIOBOK BUHTOB

Bce BunTHI (11 601THI) IO (hOpME MX TOJTOBOK MOXKHO Pa3eluTh Ha
TPH TPYNIBI: 3aXBaThIBa€Mble MHCTPYMEHTOM cHapyxu (puc. 9a,0,B); 3a-
XBaTbIBa€Mble HHCTPYMEHTOM ¢ Topua (puc. 9r,1,e); ¢ TOJIOBKaMH, MPemnsT-
CTBYIOIIMMH ITOBOPOTY BHHTA (pUC. 9K,3).
a) llecrurpannas  0) lecturpannas B) KBagparnasn
yMeHBbLIeHHAsT

:___Ej_ ] e | %__ ).

r) C puytpennam 1) llnaunapuueckas  €) [oTaiinasi ¢ KpecTOBBIM

HIeCTUTPAHHUKOM HLTHLEM
2K) C napaJjjiejbHbIMU PadounMHu 3) Kpyraas ¢ ymkom
rpansiMu (Il Ma3oB)

A-A

[_a

Puc.9

I010BKM BUHTOB ¢ HAPY:KHBIM 3axBaToM. O0OCSCIICUnBAIOT HAU-
OOJIBIIIYIO CHITY 3aTSDKKH, HO TIPU 3TOM TpeOyercs Ooinble mMecta i 3a-
xBara KiouoM. [llupokoe pacnpocTpaHeHue Moayyriia MeCTUTPaHHAs To-
noBka (cM. puc. 9a,0), AJi1 KOTOpOil TpeOyeTcs: OBOPOT Ta€YHOIO KIIkoua
(puc. 10a) Ha 1/6 obopoTa 10 mepexBaTa 3a ClieAyrolre rpaHu (Ipu ycio-
BHH, UTO KJTFOU HE IepeBopadnBaercs). [ yMEHBIICHHOHN IIeCTUTpaHHON
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TOJIOBKH (CM. puc. 90) Hy»KHO MEHbIIIe MECTa JJIsl pa3MeNIeHHsI. DTO T03BO-
JsIeT CHU3UTh MacCy KOHCTPYKLUHMH. B yCIOBHSIX 4acTOro 3aBUHYMBAHUS H
OTBUHYMBAHMA M MPU HAJIMYUM CBOOOAHOTO MPOCTPAHCTBA AJS MOBOPOTA
KIIF0Ya TIPUMEHSIOT KBaJpaTHBIE TOJIOBKH (CM. puC. 9B), KOTOPBIE TIPU TeX
XKe rabapuTax UMEIOT 0oJiee IUPOKHE TPaHH.

I'0/I0BKH ¢ TOPUHOBBLIM 3aXBaTOM. MOXXHO pa3MeInaTs B yriyoie-
HUSX, YTO yIJIydIIaeT BHEITHUN BHJ], YMEHbBIIIAET TabapuThl U CO3/1aeT ymo0-
CTBa 00CIYXHMBaHUs MallWHBL. B 3aBHCHMOCTH OT (OPMBI IPUMEHSIEMOTO
WHCTPYMEHTa TaKhe TOJOBKHM BBIMOJNHSIOT: C BHYTPEHHHM IIECTH-
rpaHHUKOM (CM. puc. 9r), nUIMIEM O] OOBIYHYIO OTBEPTKY (CM. puc. 9m)
WU C KPECTOBBIM IIIUIIEM TIOJ[ CIEIHAIBHYI0 OTBEPTKY (CM. puc. 9e).
BUHTBI ¢ BHYTPEHHUM HIECTHUTPAHHUKOM OOCITY>KUBAIOTCS MPOCTHIM KJIFO-
YOM B BUJE M30THYTOTO MOJ MPSIMBIM YTJIOM NPYyTKa IIECTUTPAHHOTO MpO-
¢una. Ha puc. 10 moka3aHbI TacuHbIi K09 (puc. 10a) 11 BUHTa ¢ HapyX-
HBIM HIECTUTPaHHUKOM M KIIOY-TIPYTOK JUIsi BUHTA C BHYTPEHHHM IIECCTH-
rpanaukoM (puc. 106). Bo BropoM ciydae pa3mepsl coequHeHus (A - pac-
cTosiHME 0 coceanero BuHTA, C - mo crensl, K - mmpuHa Qanna) MeHb-
mue. [llupokoe TpUMEHEHHEe BUHTOB C BHYTPEHHHM IIECTUTPAHHUKOM
OOBSCHSIETCS elle W TeM, YTO MPOYHOCTh TpaHel IIECTUTPAHHOTO OTBEp-
CTHs MEHbILIE MPOYHOCTH CTEPIKHSA BUHTA, U €r0 HEBO3MOXHO 00OpBATH
MIPU 3aTSDKKE, a MPOoIece 3aTsHKKU JIETKO MOJIaeTcsl aBToMaTu3anuu. [o-
JIOBKM BHUHTOB ]ISl 3aBUHYMBAHHS OTBEPTKOW (CM. pHc. 91,€) MOTYT OBITH
HWINHAPUYECKUMH, IMOMYKPYTJIBIMU, MOTAaHHBIMH WM IIOJyIOTalHBIMU.
I'onmoBKH ¢ KpecTOBBIM IUTHIIEM (CM. pHC. 9¢) Oosee COBEPIIEHHBI, TaK Kak
TaKOMW IIITHII JIyYIIe CONPOTUBIISAETCS OOMSTHIO.

13



a) 6)

|

e
o1&
©

Puc.10

LoJioBKH, NpensITCTBYIOLINE NPoBopoTy. [ToapasaensoT Ha ro-
JIOBKH CHCHHaHBHOﬁ q)OpMBI, 3aKJIaabIBACMBbIC B THE31a, HJIKM TOJIOBKHU C
IBYMS NIapaJUIeJIbHBIMA PaOOYMMU TPaHSIMH, 3aKIabIBaeMbIe B Ma3bl (CM.
puc. 9k), U Kpyriible TOJIOBKH C YCUKOM, BBI3BIBAIOIIUE OOMSTHE JETAIU
(cm. puc. 93).

B mpoTokosie oTueTa CTYISHT JOJDKEH 3alKMCaTh KIacCU(UKALIUIO
(hopM TOJOBOK BHHTOB, U300pa3uTh U NPHUBECTH HAMMEHOBaHHE HanOolee
pacnpocTpaHeHHbIX (OPM KaXKIOro Kiacca.

DopMbI raek
HawnbGonpmiee pacrnpocTpaHeHne TOMYYHIN IMECTUTPAHHBIE TalKH

(puc. 11a,0). [Ipu vacTom 3aBHHYMBAHWKA ¥ OTBHHYMBAHUH U OOJBIINX CH-
Jax 3aTsDKKU UCTONB3YIOT BBICOKHE TalKH, MTPH HE0OXO0IUMOCTH SKOHOMHUH
MeCTa - TalKU ¢ YMEHBILICHHBIM pa3MepoM NoJ Kitod (cM. puc. 11a). [aii-
KH{, MOJUIEXKAIINE CTOMOPEHHUIO C MOMOIIbIO IIIIMHTOB, BBINOJIHAIOT MPO-
pe3HbIMH (Ha PUCYHKE HE TOKa3aHbl) WM KOpPOHYATHIMH (cM. puc. 11B).
Kpyruneie raiiku co numnamu (cM. puc. 11T) HCIONB3yIOT NPEeUMyLIECTBEH-
HO i BajoB. lIpy oTHOCHTENbHO MajbIX (A7 HAHHOTO HOMHHAIBHOTO
IUaMeTpa) OCeBBIX HAarpy3Kax MCIHOJB3YIOT TalKH C OTBEPCTHSIMH HA TOP-
oBoi moBepxHocTU (cM. puc. 11m). [aiiku, nmpegHazHayeHHBIE IS He-
OO0JIBIION 3aTSDKKM M 4acTOro OTBUHYMBAHMS 0€3 KII04a, BHIMOIHSIOT C Ha-
KaTKO# miu B BUJe 6apanikoB (cM. puc. 11e).

14



a) llecTturpannas 0) Ilecrurpannas ¢ B) Koponuarasn
YMEHbIICHHBIM
pa3sMepoM NoJ K04

I) Kpyraas ) Kpyraas ¢ orBepectusimu  €) INalika-0apauiex
1M eBas HA TopIe

Puc.11
B mporokone ordera CTyIeHT IOJKEH 3amucaTbh HaWMEHOBaHUE
HaunOoJee pacnpocTpaHEeHHBIX GOPM r'aeK U YCIOBHS UX NPUMEHEHHS.

Cnoco0bl CTONMOPEHHS

Hecmotps Ha TO, UTO BCe KpeneKHbIE pe3bObl CAaMOTOPMO3SIITHECS,
B OOJBIIMHCTBE PE3bOOBBIX COCTUHEHUH IMPEAyCMAaTPUBAIOT CTOIIOPCHHE
KPCHEKHBIX I[eTaJ'ICI‘/'I OT CaMOIIPOU3BOJIBHOI'O OTBUHYHMBAHHA IPU IEpC-
MEHHOW W yNapHON Harpy3ke u3-3a CHIKeHHs KodhduimeHTa TpeHHS B
pe3nrbde U Ha Toplle ralika (BHHTA) MpU BHOpanusx. Bce cmocobbl cromope-
HHUA MOKHO IOAPasaCJIuTh Ha TPU I'PYIIIbI:

a) CTOTIOPEHUE JIOTIOJTHUTEIBHBIM TPEHHUEM;

0) cTomOpeHNe TOTOTHUTEILHBIMHA JIETAISIMHU;

B) CTONIOPEHHE HATIYXO.

15



/ lavka

N
\__/
N

,_L

i’
] ) Jabepmeibarue
—— 2auKy

% lauka
%ﬂ
Ombepmeibarue
2auKl

b/ z/ el

Puc.12

CronopeHue 10NOJHUTEIbLHBIM TpeHueM (puc. 12).

OCHOBaHO Ha CO3/JaHUM CUJI TPEHUSI, COXPAHSIIOIIUXCS IPU CHATHH
C BHHTA OceBOW Harpy3ku. IIpm cromopeHun koHTpraiikon (puc. 12a) co-
XpaHEHHe CHJI TPEHHUS oOecrednBaeTcs B3aMMHOM 3aTsKKOW raek. Ero He-
JOCTAaTOK - HEOOXOAUMOCTh YBEIMYEHHsI JUIMHBI 00NTa U TBOMHOW pacxon
raek. B HacTosIIee BpeMsi IMPOKOE paclpOCTpaHEHUE TOTYyYHIIN MIPYKUH-
Hble mai0b! (puc. 120) u maitdsr ¢ 3yobsamu (puc. 12B), obecneunBatromye
COXpaHEHHWe CHJI TpeHHUs Oyaromaps ynpyrocTd MIaidiObl U BPE3aHUIO OCT-
PBIX €e KPOMOK B TOpEI raiKi M INIOCKOCTh AeTanu. PacnpocTpaHeHsl ca-
MOKOHTPSIIMECS TaWKH C PaJiiaIbHBIM HATATOM PE3bOBI, OCYIIECTBISIEMBIM
3a CYeT IJIACTUYECKOro o0XkaTus (Iocie Hape3aHus pe3b0bl) BEpXHEeH Jac-
TU raiiku Ha sunc (puc. 12r). CaMOKOHTPSIIMMUCS SBISIOTCA TalKU C
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3aBaJIBIOBAHHBIM IIJIJACTMACCOBBIM CTOMOPHBIM KOJbLIOM (puc. 121). Pe3s-
0a B KoJblie railku oOpa3yercsl MpH HABUHYMBAHMM HAa BUHT. BO3MOXKHO
MPUMEHEHUE BUHTA C IUIACTMACCOBOW MPOOKOMH, BCTABICHHON B OTBEPCTHE
BuHTa (puc. 12e). /[Be mocnemHne KOHCTPYKIIUH COXPAHAIOT CTOIIOpEHHE
MocJie 3HAYUTEIHLHOIO Yuciia cOOpok U pa3dopok. HakoHer, B mocienHee
BpeMs BCE IIMPE HAYMHAIOT NPUMEHSTh CTONOPEHHE BHHTOB, IINITUICK U
raeK 3a CUeT MOCTAaHOBKH WX C WCIMOJB30BaHHEM IMacThl «I epMeTHK», co3-
Jaromeit cromopsmuii 3G ekt 3a cuet BI3kocTu. [IpenmymiecTBoM CTOIIO-
PEHHSI C TIOMOIIBIO JONOJIHUTENBHOTO TPEHHUS SBISETCS BO3MOXHOCTD
(PUKCHPOBaHUS KPENEKHBIX AeTaseil B TF000M YTIIOBOM IOJIOKEHHU.

B mnporokoie ordera CTYJICHT IOJDKEH MEPEYHCINTh Haubolee
pacrpocTpaHeHHbIe CIIOCOOBI CTONOPEHUS JTOTOJHHUTENEHBIM TPEHHEM H
n300pa3uTh 3CKU3bI COEAUHEHUH (110 YKa3aHHIO MPENoJaBaTes).

JonoJiHuTEIbHBIE NeTadu. VCcrmons3yroT s CTOHnopeHus (puc.
13). K HUM OTHOCATCS: a - IITUIMHTHL, O - BCEBO3MOXHbBIE MIalOBI (C Jiam-
KOM); B - MHOTOJIanJaras maioa; T - maiiba mjis AByX BHHTOB; I, € - (Qu-
TrypHBIE HaKJIaJKK U IpoBOJioKa. HemocTaTkoMm 3TOro crocoba CTOMOPEHHUS
ABJIACTCA CTYIIEHYATOC PETYJIMPOBAHUEC CUJIBI 3aTAXKKH.

B npotokose oTdeTa CTYyIEHT H0JDKEH NePEYHCIUTh JOTOTHUTEIh-
HBIC AC€Taliu, UCIIOJIB3YEMBIC 1A CTOIIOPECHHA U BBIYCPTUTH 3CKU3BI COCIU-
HeHUit (TI0 yKa3aHHIO mperoaaBares). Takke He0OX0UMO 03HAKOMHUTHCS
CO CTONOPEHHEM JeTaleid, BBHIMOJIHEHHBIX B MeTaiuie. Bum coOpaHHOTrO
y4e0HOT0 KOMILIEKTa IpeACTaBIeH Ha puc. 14.

Crioco6b1 cTomopenust Harmyxo (puc. 15) moapasmensioT Ha CTO-
nopeHre cBapkoil (puc. 15a) M cromopeHHe IMIACTHYECKHM IeQOpMHUPO-
BaameM (puc. 156,8). Oba cmocoba 10CTaTOYHO HAMEKHBI, HO TIPH HX Je-
MOHTa)K€ HEOOXOIUMO Pa3pyIIeHUE KPEIEKHbBIX IeTaCH.

B npoTokone oTyeTa CTyAEHT JOJKEH MEPEYUCIUTh CIIOCOObI CTO-
MIOPEHUS HATJIYXO.
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Puc.14

a) Packnenate 5)

KepmuTe B}
Ceapra

7 L._i% 7

Puc.15

Coepnnenue 00J1TOM NOCTABJACHHBIM 0€3 3a30pa.

Bontel, mocraBneHHble B OTBEpPCTHs O€3 3a30pa, MPUMEHSIOT s
COEAMHEHHMS AeTaliell, Harpy>KeHHbIX OOJIBIIMMH CABUTAIOIIUMU cuiamMu F
(puc. 16 ). lnametp d, crepxust 6onta Ha 1...2 MM GoJIbIIIe AMaMETpa pe3b-
0b1 d. OTBepcTHE ) YCTAaHOBKM 0O0JITA MOCIIEC CBEPIICHUS KAIUOPYIOT pas-
BepTkoil. [lo auamerpy d; , Kak MpaBWJIO, UCHOIB3YIOT mocagku H7/js6;
H7/k6 ; H7/m6 (BO3MOXHO TpUMEHEHHE MOCaZoK C HATATOM). UTOOBI Hc-
KITFOYUTH MMOBPEXKACHNE Pe3hObI PY BEIOMBAaHUH O0JITA U3 OTBEPCTHS, OONT
CHA0>XalOT BBICTYIIOM C AUAMETPOM d.
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3aTsHKKa COeAMHEHMS Taiikol MpemoxpaHseT OONT OT BhINAaIaHWUs,
IIPH NEPEXOHBIX MOCAJKaX 3aTsHKKA YBEIUYHUBAET MPOYHOCTh COCIUHEHUS
3a CYeT CHJI TPSHHUS Ha CTHIKE.

CrepxeHs 6oxita padoTaer Ha cpe3. Kpome Toro, Ha TOBEpXHOCTSIX
KOHTAaKTa CTEP)KHS CO CTEHKAMH OTBEPCTHS BO3HHKAIOT HAMPSIKCHUS CMS-
tus. [IpoTsKeHHOCTh MOBEPXHOCTH KOHTAKTa 00JTa C BEPXHEH JETaNbio O
(cm, puc. 16), c HmwkHel - A. Jlnuna 6onta [ paBHa:

[=6+&6+S+H+a+ .
Pasmep / paBeH:
h=1- 6 'f
rae Oy, O - TOJNIMUHBI COSAMHIEMBIX AeTaliel; S -TOJNIIMHA CTOMOPHOM
maiosl; H - BeICcOTa raiiku (B HacTosIee BpeMs o0o3HauaeTcs m [1]);
a=(0,2...,0,3)d — 3amac pe3n0bI; [; — IIHHA BRICTYTIA TUaMeTpoM d ; [, —
- JUIMHAa TTaaKoi yactu Oonra; f- pasmep dacku.
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[Ipu ycTaHoBKe 0OJTOB B OTBEPCTHUS U3 MO Pa3BEPTKH TPeOyeMbIi
JUIS TIEpeiayd Harpy3Kd JuaMmeTp OOJTOB MEHBIIE, YeM IpPH YCTAaHOBKE
0O0JITOB C 3a30pOM, TJ€ CIABUTAIONIYI0 HArpy3Ky IMEpeNaloT CHUIbl TPEHUS,
CO3/IaHHBIC TIPH 3aTSKKE.

OnpenejieHue pa3MepoB COeTMHEHUSI BUHTOM

B npoTokone oT4yera cTyIeHT JOKEH H300pa3uTh 3CKHU3 COeTUHE-
HUs BUHTOM (cM. puc. 80). Huamerp BUHTA d , POpPMY €ro TOJIOBKH, TOII-
IIMHY MPUCOSAMHIEMON JeTany O, MaTepuall KOPIYCHOM AETald U CIIoco0
CTOIOpPEHHUsS 3a1aeT mpemnogaBatesib. CTYICHT IOJDKCH OIPEACIMTh BCE
pa3Mepbl COSMHEHUS U MOCTaBUTh UX Ha YepTeke B MuuinMeTpax. Ilo-
CJIEIOBATEIHHOCTh OMPEEIICHUsT pa3MepoB U (hOPMYIIBI IS UX Omperere-
HUS TIPHUBEJIEHBI B MPOTOKOIE oTyeTa. LIITprxoM oTMedeHsI peiBapuTeIh-
HbIC 3HAYCHHSI PA3MEPOB.

OmnpenesieHue pa3MepoB COeTMHEHUsT 00JTOM,
MOCTABJICHHBIM B 0TBEPCTHE W3-TIO PA3BEPTKH

B mpoTokose oTyeTa CTYIACHT JOJDKEH M300pa3uTh 3CKHU3 COCIU-
HEHUS, BBIMIOJHEHHOTO C TIOMOINBI0 00JITa, MOCTAaBICHHOTO 0€3 3a3opa.
Huametp 6onta d , TOMIIUHBI COCTUHAEMBIX JeTaIed 0 U &, W CIoco0
CTOIIOPEHUS TalKu 3ajaeT npernonaBatenb. CTYISHT JOJDKEH ONpEACIUTh
BCE pa3Mephl COCMMHEHHsI W TOCTAaBUTh MX HA YepTeke B MIILIIMMETpax.
ITocnemoBaTeIHLHOCTE ONPEACIICHAS Pa3MEPOB U (POPMYIIBI TSI UX OTIpee-
JICHUS TPUBEJICHBI B IPOTOKOJIC OTYETA.

[To Bcem pa3aenam nabopaTopHOil pabOTHI CTYJIEHT JOKEH O3Ha-
KOMHUTBCS ¢ JACTASIMH M COCAMHEHHUSAMH, NMPEACTABICHHBIMHA Ha ILIaHIIE-
Tax.

KoHTpOoJbHBIE BONPOCHI:

[aiite onpenenenne paboueii BeIcOTe TPOGUIS PE3LOBI.

2. JaiiTe ompeneneHue mary u Xoay pe3bOsbl.

3. KakoBBl OCTOMHCTBA KOHHYECKOW PE3LOBI 1O CPABHEHHIO C ITH-
JTUHIPAYECKOM?

4. B Kakux ciydasx MPUMEHSIOT COeAMHEHHE OO0NTOM (BHHTOM,
IINWIBKOH, TalKown)?

5. B xakux cimydasx MpUMEHSIOT coelnHEeHNe 00JITOM, TOCTABJICHHBIM
B OTBEPCTHE M3-TIOJ Pa3BEPTKH?

6. KaxoBbl KOHCTPYKTUBHBIE OCOOEHHOCTH OONTOB, YCTAHOBJICHHBIX B
OTBEpPCTHAX Oe3 3a30pa?

—_
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7. YKaxuTe JOCTOMHCTBA M HEIAOCTATKH COEIWHEHHI OonTamw, ycra-
HOBJICHHBIMH B OTBEpCTHS 6€3 3a30pa

Ne2. UcciieioBaHMe HANIPSKEHHOI0 COCTOSIHUA 00JITa B
3aTAHYTOM COeIMHEHU U

[lejib paboOThI - SKCIIEPUMEHTATIBHOE 00OCHOBAHHE YIIPOILIEHHOTO METO1a
pacueta 60JITa B 3aTTHYTOM COCTUHEHUH, OTIPE/Ie/ICHIE BRIUTPHIIIA B CHITE
MIPY 3aTSTUBAHUN OOJTA KIFOUOM.

HanpsizkeHHOE COCTOSIHME CTepPKHA 00J1TAa B 3aTAHYTOM pe3b-
00BOM COCIHHEHUH

[Ipu 3aTsxke 0ONTOBOTO COETUHEHMS K Talike (MM K TOJIOBKE 00JI-
Ta) TPUKIAABIBACTCA C IMOMOIIBIO KIF0Ya MOMEHT 1., (puc. I). Drot Mo-
MEHT paBeH CyMMe JByX MOMEHTOB: MOMEHTa B pe3bbe 7, 1 MOMEHTa Tpe-
Hus Ha Topue 1. MoMeHT 7}, BEI3BIBAET HE TONBKO PACTAKEHHME CTEPIKHSA
Oonta, HO M ero ckpyuuBanue. IIpu 3TOM crepkeHb O0NTa HAXOIUTCA B
CJIOKHOHAIPSKEHHOM COCTOSIHHH, @ IPOYHOCTh B 3TOM CJIy4ae OLICHUBAIOT
10 OJJHOM U3 TEOPHUIl NPOYHOCTH.




OKBHUBAJICHTHBIC HANPSIKEHUS Oy B COOTBETCTBUU C 3HEPTEeTHYECKON TeEOo-
puel IpOYHOCTH PABHBI:

| 2 2
Tk =\%p +3TKp , (1)

rocJie mpeodpa3zoBaHuit

dZ
O zap 1+12 d—tg((p +\|1) )
P

roe d, - CpeOHMH AMaMeTp pe3bObl; dp - PAaCUCTHBIA JUAaMETP PE3bObI
(dp=d,)) [9, c. 42]; ¢@'- puBeNEeHHBI YTON TPEHHS B pPe3p0Oe€; I - yrox
HobeMa pe3b0bl Ha CPEJHEM JAUAMETPE; Oy, Tip - HANPSKEHNUS] HOPMAJIbHbIE
1 KacaTeJIbHbIE B CTEp)KHE 00MTa:

0p =Foar! Ap; Ty =T/ Wieps

F., - oceBas cuila, Harpyskaromas OONIT IpH 3aTAruBaHuy; I, - Mo-
MEHT B pe3b0e 0oJTa MpH 3aTATUBaHUY;

A,, Wy - IIIOIAb 1 MOMEHT COIIPOTUBIICHUS KPYUEHHIO HOIepey-
HOTO PacyeTHOro ceuenus 6onra Ap=rndp’/4, Wi, =ndp’/16;

VY4auTBIBas TEOMETPHUECKOE MOA00OHE METPUUECKUX Pe3b0 pasiany-
HBIX JUAMETPOB, MOXHO IIPUHATH

dy/ dp=1,12; y=2°30".

3HaueHne Kod(pQUIMEHTa TPEHHUS B PEATbHBIX YCIOBHIX MOXKET
HaxonuThes B npeaenax 0,1...0,2 B 3aBUCUMOCTU OT COCTOSTHUSI KOHTAKTH-
PYIOLINX IMOBEPXHOCTEH (IIEpOXOBATOCTH, MOKPHITUS, HANWYHUSA CMa304HO-
ro MaTepuaia u T.I1.).

Ecnu cpennee 3HaueHune kod(pUIMCHTa TPEHUS B pe3b0e CUMTATH
paBubM 0,15, To mocne mpeoOpa3oBaHWil 3KBUBAJICHTHBIC HANpPSLKEHUS
[IPUHUMAIOT 3HAUYCHHUE

o l,3ﬂp. (3)

3TO COOTHOLIEHNE OOBIYHO UCTIONB3YIOT B IPUOIMKEHHBIX pacyeTax.
Takum 00pa3oM, ydeT BIMSHHUS HaNpsDKEHUH KpydeHHs Ha Ipod-

HOCTb CTEp)KHsI 00iTa (BHHTA, IIMIIBKH) B MPOEKTHBIX PacdyeTax MOKHO

MPOBOJUTH IyTeM YBENWYEHHUs HampspKeHUi pacTsbkeHus d B 1,3 pasa.
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Puc.2

Onucanne YyCTAaHOBKH

JUIst SKCTIEpUMEHTAIBHOM ITPOBEPKH OTHOLIEHUS Oo = Op B CTEPIK-
He 0oJTa 3aTAHYTOrO0 COCJMHEHHs MPUMEHSIOT Ja00paTOPHYIO YCTaHOBKY
(puc. 2a). B Heil BMecTO CTArMBacMbIX OONTOM JeTanell MpUMEHEHa Mpy-
KUHA 5, TIO3BOJISIONIAsT JOCTATOYHO MPOCTO (C MOMOIIBI0 HHAUKaTOpa 0,
au00 C MOMOIIBIO TEH30JaTYMKOB, HAKJICEHHBIX B 30HE HauOOINbIIEH e-
(hopMaL) peruCTPUPOBATE CHITY 3aTSDKKU F . [IpyskuHa 3akpersieHa Ha
ocHoBaHuu 1. Mccnemxyemsprii 60nT 3 yCTaHABIMBAIOT B OCEBOE OTBEPCTHE B
MIPY>KUHE U 3aTATUBAIOT TaKON 2.

Jna ycTtpaneHus u3ruba cTep:kHs 00iTa 3a cYeT BO3MOYKHOM He-
NEPHIEHIUKYISIPHOCTH OIIOPHON MOBEPXHOCTH TOJIOBKM O0JATa OTHOCH-
TEJIFHO CTEPIKHS O] TOJIOBKY YCTaHABIHMBAIOT cheprueckyro mandy 7. Ot
MPOBOPOTA OONT yAEPKUBAIOT (PUKCATOPOM 8.

CxeMbl 3aTsKKM OOJNTOBOrO COCAMHEHHS MPEICTAaBICHBI Ha PHC.
20, B: puc. 20 - MOMEHT 3aBHHYMBAHUS PABEH MIOJHOMY MOMEHTY B pe3b0e
U Ha TOpIE; pUC. 2B - MOMEHT 3aBUHYMBAHUA PAaBEH TOJBKO MOMEHTY B
pe3bsbe, yTo HeoOX0AUMO 3HATh AJIS OLIEHKU 0N KacaTelbHBIX HarpsbKe-
HUU B cTEp)kKHE OOJITA.

B mepBom BapuanTe omopHas maiba 9 ¢ oTBepcTHEM, COOTBETCT-
BYIOIIMM JAHAMETPY HCcleayeMoro OonTa, OMMpaeTcsi Ha MOAKIAIHOE
koublo 4 U ukcupyercs ot mpoBopota mrupTom 10, a Bo BTopoM Bapu-
aHTE KOJNbBLO 4 3aMEHEHO YIMOPHBIM MOMIMUITHUKOM 11 1 MoxeT cBOOOIHO
IIPOBOPAYNBATHCA OTHOCUTENBHO KOpIlyca AeTainu. Takas 3aMmeHa Mo3BOJIs-
€T MPAaKTUYECKU HCKIIIOUNTh TPEHUE Ha TOPLE, TaK KaK TPEHHE CKOIbKEHHUS
TOpIIa TAWKY IO OTIOPHOM MOBEPXHOCTH IIAHOBI 9 3aMeHsIeTCs TPEHUEM Ka-
YeHHs B MOJIIMITHUKE, KOTOPOE MPeHeOPeKnMO MaJo.

3arspkKy ©onTa MPOM3BOAAT C MOMOILBIO JTWHAMOMETPUYECKOTO
KJII04a, Ha PYKOSATKE KOTOPOTO HAKJIEEH TeH30AaT4YHK, (PUKCUPYIOIUIl CHT-
HaJl, KOTOPBIIl MPOMOPIIOHANIEH MOMEHTY 3aBMHYMBaHUA. CHTHANBI OT
JaTYNKOB Ha MPYXHHE W KJII0Ye BBIBOJATCS Ha MOHUTOpP KOMIIbIOTEpa B
BUZIE€ KPUBBIX (pHC.3) C perucTpaumeil nx MakCUMalbHBIX 3HAYCHUH.
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MeToanKka HCILITAHUH.

OObeKkTaMu UCTBITAHUN SIBISIOTCS OONTHI ¢ pe3pdort M12, M14,
M16.

[IpenenbHas 3aTsKa MPU MCIBITAHUAX, KaK U B MPAKTUYECKUX
pacderax, 3aBHCUT OT JIOIYCKAEMOI'0 HAIPSHKEHUS M PACUYCTHOW ILIONIaIn
cedeHus 6onra. C y4eToM MOBBIIIIEHUS HAMPSHKEHHOCTH 00JITa OT JEHCTBUS
KacaTeNIbHbIX HAMNPSIKCHHH JOMyCKAaeMYIO0 CHIIYy 3aTSDKKM MOXKHO pacCuu-

TaTh MO GopmyJie
1
[F ]z [0' :l— Ap .
3aT pPl13

rae [op] - nomyckaeMoe HanpsKEHHE PacTSKEHMs Nl Marepuana
Oonra, paBHOE ©; /S; O; - IpeNen TEeKy4eCTH, ONPEAeIIIeMbIid B 3aBUCUMO-
CTH OT KJIacca NMPOYHOCTH (HampuMep sl Kiacca mpouHoctu 4.6, (o =
4x6x10 = 240 MIIa); S - koahumeHT 3anaca, 3aBUCAIINN OT XapakTepa
3aTSHKKH (KOHTPOJIMPYEMOW M HEKOHTPOJMpyeMoii) u nuamerpa 6ontos. C
y4eTOM MHOTOKPAaTHOCTH HCIOJB30BaHHUA OONTOB IMPH MPOBEACHUHU J1abo-
paTopHBIX paboT peKOMEHAYETCsl B pacueTax MpuHUMath S = 2,5.

3HavyeHue KacaTelbHBIX HaNpsDKEHHH B CTEp)KHE Oonrta u, cliefio-
BaTENbHO, SKBUBAJICHTHBIX HANPSDKEHUH B 3HAYUTEILHONW MEpEe 3aBHCUT OT
TpeHHs B pe3b0e. YUWThIBasg HECTAOMIBHOCTh KOO(PQHUIMEHTAa TPEHHS U
3aBHCHUMOCTb €r0 OT MHOTHX (akTOPOB, SKCHEPHUMEHTAIBHO OTHOIICHHUE
Oy /0, ONPEJNIENSIOT MO Pe3yJIbTaTaM BO3MOKHO OOJBILIEr0 YKMCia ONbITOB
(pexomennyercsi He MeHee 12). JIns SKOHOMHH BpEMEHHM Ha HPOBEICHHE
JKCHEPHUMEHTOB MOXXHO YaCTHYHO MCIIOJb30BAaTh [aHHBIE, IOJyYCHHBIE
MPEIbIY UMY TPYTITAMH.

OKCHEPUMEHTAIFHO MOKHO MOJYYHUTh 3HAUYEHHsI CHJIBI 3aTsDKKU
F;5; B 3aBUCUMOCTH OT MOMEHTA B pe3b0e 7p U OT MOMEHTA 3aBUHYMBAHUS
T,. IlepBoe W3 3THX 3HAYEHWH HCIONB3YETCS Ui OIEHKH HAaIpsDKEHUS
KpPYYeHHUs NPH 3aTSHKKE H, CIEAOBATEIbHO, ONPENENICHUS OTHOIICHUS Oy
/oy, , BTOPOE - JUIsl ONpPEJEICHUs] COOTHOIEHUS CHIIbI 3aTAKKH [y U CHIIBI
Ha Kimo4e Fy,; pH 3aBUHYMBAHUH COSAMHEHHUS KIIOUYOM CTaHIAPTHOM -
HBL
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Hnst monyuenuss F,, = f(Tp ) yCTaHOBKY COOHMpPAIOT € HCIOIb-
30BaHMEM YTIOPHOTO MOMIIUMHUKA 9 (cM. puc. 2B). [Ipun 3TOM MOMEHT Ha
TOpIIE TalKW, MPAaKTUYECKH, PAaBEH HYJIO, & MOMEHT, NPUKJIaIbIBaeMbIH K
K04y, - MOMEHTY B pe3b0e, OT 3HaueHHs KOTOPOIO M 3aBUCIT Ha-
OpsoKeHUst KpydeHus. TakuM o0pa3oM, B 9TOM SKCIEPUMEHTE CHUTHAN OT
JaTyvKa Ha KJII0Ye MPOIMOPLHOHAJIEH MOMEHTY B pe3bde 7p , OT AaTdMKa
Ha TIPY)KUHE - MPOJIOIHHON CHJIE B CTEPIKHE 00NTa, T.C. Fiyr.

JIJISI MOJIy4Y€HUA 3aBUCUMOCTU CHJIbI 3aTSKKKW OT MOMEHTA 3aBHUH-
YUBAHMSI C YYETOM TPEHHS Ha TOPIE YCTAaHOBKY COOMpAIOT C UCIOJb30Ba-
HUEM MOJAKIaaHOro Kosubla 4. B 3ToM cily4aB curHan oT AaT4uka Ha K04
MIPOIMOPHIHNOHAJICH MOMCHTY 3aBMHYMBaHUA TzaB, paBHOMY CYMME MOMCHTOB
B pe3b0€ U Ha OMOPHOM TOBEPXHOCTH TaliKH.

/ Kpieas rlrammﬂmm Mnrﬁna TP (.0

Fpueas usnieHera
CHIEI 3aTaesH F
3dT

T, ..

¥

Puc.3

Ilopsiaok BbINOJHEHHS DaﬁOTBI

1. JIng 3agaHHOTO AuaMeTpa OosiTa OMpeNeNuTh JOMyCKaeMylo CHITY
3aTSDKKH (3TO 3HaUEHHE HEOOXOAMMO COOOLIMTH YUeOHOMY MacTe-
py)-

2. Kpartko onmcaTh KOHCTPYKIIUIO yCTaHOBKH.

3. CoOparp yCTaHOBKY C MOIKJIaTHBIM KOJIBLIOM W TIPOM3BECTH 3a-
TSDKKY, @ 3aT€M, yCTAaHOBHMB Ha MECTO ITOJKJIAJHOTO KOJbIA yIop-
HBINA IMOJUIUITHUK, ITOBTOPHUTH 3aTXKKY.
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ITo 3navenusm F,, , Ip u Ty (B IIpaBOM yTIIy dKpaHa) oIpeje-
JIUTh HANIPSKEHHS Op U Typ BBIYMCIUTD Oy

Omnpenenurs OTHOLIEHHE ( Oy /O,) U BHECTHU B TaOIUIly OJIaHKa.
Brectn B TaOMUIly CBOAHBIX PE3yJIbTaTOB HCIBITAHUN PE3yIbTATHI
Bamero skcnepumMeHTa U pe3ynbTaThl nocnegHux 10 sxcrnepuMeH-
TOB, BBITIOJHEHHBIX MPEIBIYITUMH IPYTITAMHU.

Hcnonp3ys KambKyJISATOp, OMPENENUTh CpelHee 3HAuYeHUEe OT-
HOIIEHUH ( Oy /0p)ep , CPEIHEE KBAJPATUUYECKOE OTKIOHEHHE 3TUX
OTHOIIIEHUH.

ComnocTaBuUTh MOTY4YEHHOE OTHOIIEHHUE ( Oy /Op) C PEKOMEHTYEMBIM
B JINTEpAType 3HAUCHHUEM.

Ucnonb3ys 3HaueHUs [y U Typ, ONPENENNUTHh BBIUTPBHIL B CHUIJIE,
TIPH 3aTSHKKE COSMHEHUS CTAaHIAPTHRIM KITFOUOM, pUHSB [/ =14d.

KoHTpoJbHBIE BONPOCHI

IToyuemy mpu 3aBUHYMBAaHUM T'aliKu B CTEpKHE 00JITa BO3HHKAIOT
KacaTebHbIe HAMPSKEHUs?

Ot kakux (HaKTOPOB 3aBUCAT 3HAUCHMS KACATENbHBIX HANPSHKEHUH
B 00JITE TIPH €T0 3aTsHKKe?

Kak yuuThIBaloT KacaTeJbHBIE HANPSKEHHS NpPU pacueTe CTaH-
JapTHBIX 00JITOB?

Kakoii BEIMTPHILIT B CHIIE TAaeT pe3bda?

28



Ne3. DkcnepuMeHTAIbLHOE CCJIeJ0BAHNE TPEHNS B

pPe3b00BOM COeIMHEHUN
[leab PaGoThl — SKCIIEPUMEHTAIBHOE ONpeeNicHre KOAPPHUIIUEHTOB
TpeHHs B pe3b00BOM COCIMHEHUH M CPaBHEHHE MOJTY4YEHHBIX 3HAUe-
HUM CO CIIpaBOYHBIMHU, IPUBCACHHBIMU B JIUTCPATYPEC.

1. OOuue cBeeHUs K MPOBEACHHUIO JIa0OPATOPHBIX PadoT

JlaGopaTopHble pabOTHI MPOBOASATCS B COOTBETCTBUH C JAHHBIMHU
METOAMYECKUMH MaTepHhajaMd W PYKOBOJCTBOM MO 3Kciutyaraiuu JIM-
TPC-2JIP-012.000 PO.

K BbImonHeHHI0 1a00paTOPHBIX pabOT AOMYCKAIOTCS TOJIBKO 00y-
YaroIrecs, 03HAKOMUBIIUECS C YKa3aHHBIMU MaTepUallaMH.
KoHucTpykius cTenma npeacTaBiena Ha pucynkax 1.1 - 1.3.

I 3 3 4 5 6
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Puc.1.1 ®oro crenna

20 21
Puc.1.2. Harpyxatomiee ycTpoiicTBo

Puc.1.3. JlaTuuk Bpamaromero MOMeHTa
30



Crenp yueOHbIN «/leTanu MaluH - TpeHHe B Pe3b0OBBIX COeTUHE-

HHSIX)» BKJIIOYAET B ceO:

penykrop 1;

MIPUBOJHOM 3JIEKTPOABUTATEND 2;

JaTYiK 000pOTOB 3 3JEKTPOABUTaTEINS;

BBITECHUTENILHBIN 0adoK Ju1a Macia 4;

TOPLEBYIO TOJIOBKY 5, YCTAaHOBJIEHHYIO Ha N3y4aeMblil BUHT;
KOpIyc 6 yCTpOMCTBa Harpy>KEHUs;

M3y4aeMoe COCUHEHUE BUHT-TalKa 7;

JATYUK § HAYaJIBHOIO IMOJOXKEHUS FalKh HCCIENYyEeMOro COeauHe-
HUS,
JAaTIUK 9 KOHEYHOTO MOJIOKEHHS TallKh HCCIEAYEeMOro COeIuHe-
HUS,

6510k 10 ¢ PIEKTPOHHBIM MOMYJIEM YIIPABJICHHS CTCHIIOM U pa3be-
MOM JUIsI TOAKIIIOUEHMSI K KOMITBIOTEPY;

KHONKY 11 aBapuifHOI OCTaHOBKH 3JIEKTPOJBUTATENS;

cBeToaMO ] 12 MHAMIMPYIOMUN BKIIOYEHHE DJIEKTPONUTAHUE CHC-
TEMBbI YIIPaBJICHUS CTCH/A;

TyMOnep 13 anms BKIFOYEHUS DJICKTPOIHUTAHUE CHUCTEMBI YIpaBie-
HUS CTEHIA;

cBeToauo 14 MHAMUMPYIOUIUI BKIIIOUEHHE MPSIMOTO XOJAa MO-
BHYKHOU OTIOpBI;

TymOsiep 15 mis mepexsioYeHus  PydYHOro yHpaBiieHHs (IIPSIMOM
X0JI, 0OpaTHBIN XOT) ¥ PeKMMa TIPOBEICHUS IKCTIEPUMEHTA;
cBeToAMO T 16 MHINIHUPYIOMWA BKIIOUESHHE OOpaTHOTO XOJa IOA-
BIJKHOH OIIOPBI;

KoHTpoJuiep 17 ans yrnpaBieHHs CTEHIOM U cOopa JaHHBIX, pPa3beM
JUTA TIOAKJIIOUEHHS K KOMITBIOTEPY PACIIONIOKEH Ha MepeHel cTeH-
Ke KOpIlyca KOHTPOJIJIEpa;

OCHOBaHME 18c HecylMM KapKacoM C BHHTOBBIMHM ONOpamMu i
YCTaHOBKY CTE€HJa Ha TOPU30HTAIBHOI MIOBEPXHOCTH;

JIaTYMK Bpaliaroiero MoMmeHTa 23.

Ha xopnyce ycTpoiicTBa Harpy»>K€Husl yCTaHOBJICHBI:

¢ukcupyembrii  crakan 19, omnmparomuiics Ha  YIOPHBIN IIapu-
KOTIOATIIUITHUK;
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- KpbImka kopryca 20 Gukcupyromas TeH30MeTPUIECKUH JaTYNK yCHITHUS;
- cronopHbIi nanen 21 ans ¢ukcanum crakana 19 ot mpoBopoTa;

- pyKosiTKa 22 BHHTa IMPEJOXPaHHUTEIBFHOIO KialaHa Uil PerylIupOBKU
YCHUJIMS B CO€ANHEHHUH.

Mexy TOJIOBKOW M3y4aeMOro BHHTA M (DUKCHPYEMBIM CTaKaHOM
19 ycraHoBieHa JIaTyHHas MIaii0a JJisi CHIDKEHUS W3HOCA COCMUHEHHS H
YBEIMYCHHUS pecypca padoThl cTeHma. M3 3TuxX ke cooOpakeHuil raika
H3yqaeMor0 COCANHCHUS TAKXKE BBIITOJIHECHA U3 HaTYHI/I.

2. Onucauue JJadopaTOPHLIX PA00T
2.1. TeopeTnyeckne 0CHOBBI

ITpu cOopke pe3bOOBOro COCAMHEHHS MPUXOAUTCS MPEOAOJSIEBATDH
MOMEHT COIPOTHUBJICHHUS, BRI3BaHHBIN CHJIaMU TPEHUs B pe3bde T, U co-
CTaBJISIIOLLYI0O OCEBOW CHJIbI IPU NOABEME MO BUHTOBOM JIMHUH, A
TAKXXE OT TPEHUS Ha OMOPHOM TOpITe OOITA WIIH TalKHU 7.

Jns IpsAMOYToNbHOTO MpoduiIs pe3bObl MOMEHT pe3b0e MOKET
OBITh BBIYKCIICH 110 CIIeAyIomIei hopmyie:

d
Tpnp:F'%'tg(‘/"“(P) (1)

b

I'ne, F — oceBas cuna B 6onte, Y - yroi NoabeMa BUTKOB PE3bOBI, ¢ -
YTOJI TPEHUS B pe3b0e, d., - CPeTHUI TuaMeTp pe3bOBl.

VYron nmogbeMa BUTKOB Pe3bOBbl i MOXKET OBITH BBIUMCIEH 4epes3
CpemHuil [uameTp d., M mar pe3posl P.

P P

= qarct o~

VYron Tpenus B pe3pde ¢ CBSI3aH C KOAPPHUINUECHTOM TPEHHS

f=1tg9(p). )
32



s pe3pOsI ¢ TpeyroasHbIM npoduiieM B hopmyiy (1) BMecTo yr-
Ja TPEeHHUs @, cielyeT MOJACTAaBIATh MPUBEACHHBIM yrojl TpeHus ¢ KOTOo-
PpBIH onpenenseTcs BhIpaXKeHUEM:

glo) 1. @
cos

v =arels [cos(a/Z) (a2) ~ @

IJie @ - yroj npoduis pe3bobl.

JList cTaHmapTHON METPHIECKON Pe3bOBI ¢ yraoM npodumrst a=60°
p=1,150 (5)

Takum 00pa3om, st CTAaHAAPTHOW METPUUIECKON Pe3rOBI MOMEHT B

pe3nbe paBeH:

d
T, =F-%-tg(t//+l,15-(p) 6)

MOMEHT CWJI TPEHHS Ha ONOPHOM TOPLE T'aKU BBIYHUCISAETCS Clle-
IOYIOLIMM 00pa3oM:

D
TT=F-d+ .

f ()

rne d — HapyXHbIi TuameTrp Oonra, D — Hapy>KHBIH AUAMETpP TOJIOBKH 00JI-
ta (aiosr).

CyMMapHBIi MOMEHT CHJI TpeHHs T, ompesensercsl CIeayroIuM
oOpa3zoM:

d+D'

To =F =Pl tgly +1.15-¢)+ f ®)

p
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KoaddummenT mone3noro aeicTus 1 pe3pO0BOi mepenadn ompe-
JICJIICTCSl OTHOIIIEHUEM Pa0OThI OCEBOW CHIIBI K pabOoTe MOMEHTa, Tpebye-
MOTO JIJIs BpAIlleHHUs COSANHCHHUS:

F-P

- 9
=175 - )
p

[lockonbky THpM HCHBITAHUSAX BCErga HNPUCYTCTBYET JOMOJHHUTENBHOE
MOKaTHEe COCAWHEHUH, TPeHNEe B MOAMIMITHUKAX W T.A. JJISI UCTIBITAaHWI
yInoOHO ONepupoBaTh OTHOIICHWEM chia/MOMEHT. [Ipu WchbITaHUSIX Ha
CTEHZE CIEeAyeT U3MEPUTh 4—5 TOUEK 3aBUCHMOCTHU CHIIA - MOMEHT, TIOCIIe
4ero B IporpaMme HaxaTh KHONKY «IIpoBectn mpsmyro», Oyner aBToma-
TUYECKHU ONpesiesicH yriioBod kodduimenT K 3aBHCHMOCTH CHITBI OT MO-
MeEHTa.

IIpu o0paboTke pe3ynabTaTOB JTabOpPaTOpHBIX paboT cieayer B
(dhopmynax (6) u (8) UCIOTB30BATH 3TOT KOAPDHUITHEHT:

T d
p_1_d
P LT o(yr115 (10)
T el ?)
T d
1 cp d+D
C
e = gy + L15-9)+ =
== | el ?) a, /

(11

Hannvie 0na pacuemos: BHEIIHUHA auameTp pe3bObl d=10 mMm; miar
pe3bobl P=1,5MM; cpennuii quamerp dg, =9 MM; BHEIIHUI AUAMETP IOJIOB-
KM BHHTa D=27 MM.
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2.2.J1a0opaTopHasi padoTa
Nel. Onpenesnenue CHJI TPEHUS B pe3L00OBOM COeIMHEHUHU 0€e3
y4yera TPEHHUs HA OIIOPHOM TOpPIIE BUHTA.

[lenv _pabomul: 3KCIEPUMEHTATIBHOE W3MEPEHHUE 3aBHCUMOCTH OCEBOTO
YCHIIUSL OT MOMEHTA 3aTsDKKH Pe3b00BOTO COSOMHEHUs, OmIpeselieHHe KO-
s dummenTa Tperus, kodhdUIMEeHTa MOJIE3HOTO NEHCTBUS MPH OTCYTCT-
BHUHU TPEHUS Ha OIIOPHOM TOpIIe BUHTA.

Ilocsie1oBaTeIbHOCTH BBINOJHEHUS PA0OThI

1. BxmouuTbh KOMIBIOTEP, HOXKIATHCA 3arpy3Kd ONEpalMOHHOM CHcC-
TEMBI.

2. 3amycTuTh NpOrpaMMy ympasieHHs cTeHaAoM «IM TP»

3. YcranoBuTh TyMOylep BBIOOpa BHIa B IMOJIOKEHHE «JKCIEpH-
MEHT».

4. BxIIOYHTH dNEKTponUTaHUe cTeHna TymoOnepom «llutaHue cucre-
Mbl ynpaBiaeHus». [lomgoxnaate 5—10 MUHYT A BbIXOJa BJIEK-
TPOHHBIX KOMIIOHEHT Ha TEMIIEPaTypHbIl pexxuM. B mporpamme
HaXaTb KHOIKY «banaHcupoBaTh JaTYUKI.

5. TlomHOCTBIO 3aBEPHYTh BUHT IPEIOXPAHUTEIBHOIO KIalaHa, Bpa-
ast ero PyKosATKY 22 B HAIPaBICHUH «II0 X0y YaCOBOH CTPEIIKM».

6. IlpoBeputh, uTO raifka MU3y4aemMoro COeIMHEHHsS HAXOTUTCS B HUC-
XOJIHOM TIOJIOKEHUHU, HA JAaTYUKE § HAuaJbHOrO MOJOKEHUS MpHU
3TOM JIOJKEH CBETUTHCSA KPACHBII CBETOIUOA.

B cnyuae, ecau raiika HaXOAUTCSI HE B HCXOJHOM II0JIOXKeE-
HUH CIIeAyeT MEePeKIoUnTh TyMOep 16 B monoxkenue «OOpaTHBIH
X0Il», NOKJAThCS BO3BpaTa ralku B UCXOJHOE IOJIOKEHUE U OCTa-
HOBKHU D3JIEKTPOABHUTraTENS, MEPEKIIOYATH TyMOJIEp B MOJIOKEHHE
«OKCIEPUMEHT.

7. Jns ompezneneHuss MOMEHTa B pe3b0Oe 0e3 ydera TpeHus Ha TOple
HEOOXOMMO BBIHYTh CTONOPHBIHN maner] 21 13 OTBEpPCTHS B KPHIII-
ke 20.

BBIHUMATD ITAJIEL] PASPEHIEHO TOJIBKO ITPHU
OTKIIOYEHHOM JJIEKTPOJABUI'ATEJIE.

8. YOemuthcs, uro TymOaep 16 HAXOMUTCS B MONOXKEHUU «DKCIIEPH-
MEHT». B mporpaMmMe ymnpaBiaeHHUs CTEHIOM HaXXaTb KHOIKY «M3-
MepeHue». llocie 3Toro NOMmKEeH BKIIOYHUTHCS NMPUBOJHOU DIIIEK-
TPOABHUTATENb PEAYKTOPA U HaYaThCA MPOIIECC 3aBUHYMBAHUS BUH-
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Ta B TraiiKy. 3aBUHUMBAHHE MPOU3BOJUTCS JI0 cpabaThIBaHUS JAT-
YrKa KOHEYHOTO MOJIOKEHHS, MOCJIe Yero raiika BO3BpallaeTcs B
HCXOIHOE TIOJIOKEHHE.

B npouecce HaBUHUMBAHUS HA DKPaHE KOMIIBIOTEPA OTO-
OpakaloTcs TeKyLIHe 3HaueHHs BPaLIalolero MOMEHTa U OCEBOTO
ycuiaus B BUHTOBOM coeanHeHuu. [locie cpaGaTbiBaHMs IaTduKa
KOHEYHOT'0 IOJIOKEHHUsI Ha IpadMuecKoe Ioje B IporpaMMme J0-
0aBmsieTcsl TOYKA C KOOPJMHATAMH, COOTBETCTBYIOIIMMHU CPEIHUM
3HAYEHHUSM BPAIAIOIEr0 MOMEHTA U OCEBOTO YCHIIHSL.

YMeHBIINTh ycuine B 00JTe, OCIabuB BHHT NMPEIOXPAHUTEIBHOTO
KJIallaHa, JJIsl 9TOrO IOBEPHYTh €ro PYKOATKY 22 B HaIpaBlIEeHUH
«IPOTHUB XOJIa YaCOBO# cTpenku» Ha 1/4 obopora.

BHUMAHMHE!!! BAIIPEIHAETCS BBIBOPAYUBATH BUHT
NPEJOXPAHUTEJIBHOI'O KJIATTAHA OT NOJIHOCTBIO
3AKPYUYEHHOI'O COCTOAHMA BOJIBIIIE YEM HA 3

10.

11.

12.

13.

14.

15.

OBOPOTA.
[ToBTOpPUTH NEUCTBUS IO IyHKTaM 8, 9 MATH-IIECTh pas.
B nporpamMme HakaTh KHONKY «BBIUUCINTB», OyJeT aBTOMaTH4e-
CKHM ompeneneH yriaoBoi kodddunuent K 3aBUCHMOCTH CHIIBI OT
MOMEHTA.
N3 dopmyist (10) BEIpa3uTh U paccUnuTaTh 3HAUYCHUE yTIIa TPECHUS
@. [lo hopmyie (3) HaiiTu 3HaueHHe KO3(DUIIEHTa TPEHUS f.
ITo ¢popmyne (9) paccuntaTh 3HaUeHHE KOAPPHULIMEHTA ITOJIE3HOTO
JIEUCTBUS TIepeiadl BUHT-TalKa.
CoxpaHHUTh MOJy4YEeHHBIE MPOrPaMMON JaHHBIE C MOMOIIBIO0 KHO-
ok «Coxpanuts rpadux» u «CoXpaHUTh JaHHBIEY.
ITonHOCTBIO 3aBEpHYTh BUHT IPENOXPAHUTEIBHOIO KiallaHa, Bpa-
mast ero PyKosATKY 22 B HAIPaBICHUH «II0 X0y YaCOBOH CTPEIIKM».

16. BoliiTu U3 IPOrpaMMBI, BBIKITIOYUTh MATAHUE CTEH/IA.

2.3.JlaGopaTopHasi padoTa
No2. Onpenesenue cuj TPeHHA B Pe3L00BOM COCAMHEHHH C
YYETOM TPEHHUS HA ONOPHOM TOpIle BUHTA.

Llenv pabomul: SKCHIEPUMEHTATBHOE H3MEPEHHE 3aBUCHMOCTH OCEBOTO
YCHIIUSL OT MOMEHTA 3aTsDKKH Pe3b00BOTO COCIUHEHUs, ONpe/elieHHe KO-
s dumuenTa TpeHusa, Ko3pGUIMEHTA TOJE3HOTO ACHCTBUSA TPH HATHINH
TPEHHUS Ha OIIOPHOM TOPIIC BUHTA.
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98]

Ilocsie1oBaTEIbHOCTH BhINOJHEHUS PaGOThI

BxitounTh KOMIBIOTED, JOMKAATHCS 3arpy3KH ONEPALMOHHON CHC-
TEMBI.
3amycTuTh nporpamMmy yipasieHus crenaom «JIM TPy
YcTaHOBUTH TyMOJIEp BEIOOpA BUAA B TIOJIOKEHNE « DKCIIEPHMEHTY.
BrxurrounTs snexTponntanue creHaa tymonepom «lluranne cucre-
MBI yrpaBieHus». [logoxaare 5-10 MUHYT A7 BBIXOAA 3IIEKTPOH-
HBIX KOMIIOHEHT Ha TEMIEPATYpHBIA pexuM. B mporpamme
Ha)kaThb KHONKY «bagaHCHUpOBaTh JaTUUKN.
[TomHOCTHIO 3aBEPHYTH BHHT NPEIOXPAHUTEIHHOTO KIIanaHa, Bpa-
1ast ero pyKosATKY 22 B HalPaBJIEHUH «I10 X0y YaCOBOM CTPEIIKM».
[IpoBeputh, 4TO raiika M3y4yaeMOro COeIMHEHUS HaXOAUTCS B HC-
XOJIHOM TIOJIOKE€HUHU, HA JAaTYUKE § HAYaJbHOrO MOJOKEHUS MpHU
3TOM JIOJKEH CBETUTHCS KPACHBIM CBETOINOI.

B cnydae, ecnu raiika HaX0IUTCSI HE B ICXOJJHOM IIOJOXKe-
HUU CJelyeT MeperIrounTh TyMoaep 16 B monoxenne «OOpaTHBII
X0, NOKIAThCS BO3BpaTa Tallki B UCXOJHOE TOJI0KEHNE B OCTa-
HOBKHU D3JIEKTPOABHUraTelNs, MEPEKII0YUTh TyMOJIep B MOJIOKEHHUE
«IKCTIEPUMEHTY.
Jna u3ydyeHus] TpEHUS B COSAMHEHUH C yUeTOM TPEHHS Ha TOpIe

BHHTa HEOOXOJMMO BCTaBUTh CTONMOPHBIN manel] 21 B oTBepcTHE B
kpoiike 20, ociie 4ero COBMECTUTh OJIMH M3 Ma30B Ha ctakaHe 19
CO CTONOPHBIM MAJbIIEM M BCTABUTH MaJEll 10 yIOpPa YTOJIIIEHHOH
4acTblO B KphIIKY 20.
3THU JEMCTBUSA PASPEIIEHO ITPOU3BOJIAT
TOJIBKO IPU OTKJIIOYEHHOM
SJIEKTPOABUI'ATEJIE.

Yoenutnces, 9ro TyMOiaep 16 HaXOIUTCS B MONOXKEHUU «DKCIIEPH-
MEHT». B mporpaMmMe ymnpaBiaeHHUs CTEHIOM HaXaTb KHOIKY «M3-
MepeHue». llocie 3Toro JOMmKEH BKIIOYHUTHCS NPUBOJHOU DIIIEK-
TPOABHUTATENb PEAYKTOpa W HaudaThCs TPOIECC 3aBHHYMUBAHUS
BHHTA B TraiiKy. 3aBHHUMBAHHE IPOU3BOAUTCS JI0 CpadaThIBaHUS
JaTYMKa KOHEUHOTO IMOJIOKEHUS, NTOCIIE Yero raifka BO3BpaIlaeTcs
B HCXOAHOE MOJIOKECHHUE.

B mporiecce HaBMHYMBaHHS Ha DKpaHE KOMIIBIOTEpa OTO-
OpakaloTcs TeKylIHe 3HaueHHs BPaLIalolero MOMEHTa U OCEBOTO

37



10.

11.

12.

13.

14.

15.

16.

yCHJIMS B BUHTOBOM coennHeHuu. [locie cpabaThiBaHMs JaTYUKa

KOHEYHOTO TIOJIOKEHHsI Ha IpaduuecKoe Mojie B Mporpamme J0-

0aBisieTcsl TOUKa C KOOPJMHATAMM, COOTBETCTBYIOIIMMH CPEAHUM

3HAYEHUSIM BPAIIaroOIero MOMEHTA U OCEBOI'0 YCHIIHSL.

YMeHbUINTE YCHIUE, B 00JTE OCIa0MB BUHT MPEAOXPAHUTEIHLHOTO

KJIamaHa, AJsl 3TOrO0 MOBEPHYTh €ro PYKOATKY 22 B HampaBJeHUU

«TIPOTHUB XOJa YaCOBOM cTpenKku» Ha 1/4 obopora.

BHUMAHHE!!! SAIIPEIIAETCS BBIBOPAYNUBATD
BUHT NPEAOXPAHUTEJBHOTI' O KJIAITAHA OT
MNOJHOCTBIO 3AKPYYEHHOTI'O COCTOSHUS
BOJIBLIE YEM HA 3 OBOPOTA.

[ToBTOPUTH AEHCTBUSA O MYHKTaM 8, 9 MAThH-IIECTH pas3.

. B nporpamme HaxkaThb KHOIKY «Bbrancnuth», OyIaeT aBTOMaTH-

YeCKH ompezneneH yrinoBoi ko3ddumuent K 3aBucumoctu cumisl ot

MOMEHTA.

W3 dopmymnsl (11) BeIpasuTh M paccUUTaTh 3HAYEHHE YIIa TPEHHS

¢. ITo hopmyne (3) HaiiTi 3HaUeHUE KOA(DUITUEHTA TPEHNUS f-

ITo popmyne (9) paccunrars 3HaUeHHE KOIPPHUIMEHTA TOIE3HOTO

JIEWCTBUS NIepeJayl BUHT—Tailka.

CoxpaHUTh MOJYYEHHBIE MPOTPAMMOM JaHHbBIE C TOMOLIBIO KHO-

ok «CoxpaHuTh rpaduk» u «CoXpaHUTh JAHHBIEY.

[MonHOCTBIO 3aBepHYTh BUHT NPEIOXPAHUTEIBHOTO KiallaHa, Bpa-

11as ero pyKosATKY 22 B HANpaBJICHUHU IO XOAy YaCOBOH CTPEIKH».

Bb1iiTH U3 IPOrpaMMBl, BBIKIIOUUTH TUTAHUE CTEHA.
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Ne4. JkcnepuMeHTAIbHOE UCCJIEA0BAHUE MTOAATIUBOCTH
3aTSAHYTOI0 0OJTOBOI0 COeIMHEHUS

[leJb padoThl - KCHEPUMEHTAIHLHOE OIPEICIICHUE CHIIBI B 3aTSHYTOM
0O0JITOBOM COCJMHEHUH MPH JCUCTBUU HA COCIUHEHHE IICHTPAILHON OTpPbI-
BAIOIIEH CHJIBI; SKCIIEPUMEHTAIbHO M C MOMOIIBIO pacueTa ONpeesuTh
KO3 UITMEHT OCHOBHOW HATrpy3KH Y(XH) U UCCIIEAYEMOTO COeTNHEHMS.

JKcnepuMeHTAJIbHOE OnpeeaeHne cujl U Ko duunenTa 0CHOBHOI
HATPY3KH.

3naueHne koddunneHTa y onpeneNnser o0 BHEIIHEH OTPHIBAO-
el CHIIBI, TOTOJHHUTEIBHO HArpyXawiled 0onT. Yder ) uMmeer ocoOyro
aKTyaJbHOCTh B pacdeTax OOJTOBBIX COEAMHEHWH, paboTaromux IpH Iie-
pEMEHHBIX Harpy3Kax.

CxeMBbl yCTaHOBKH JIJIS IPOBEICHUS SKCIIEPUMEHTA U HCITBITYEMOTO
coeqMHeHusl npuBeneHsl Ha puc. 1. Jletanu 9 u 10 cTaruBaroTcsa mpu 3a-
TsDKKe Oonra 7 raiikoi 8, mpu dToM BKianeim 12 ¢ duxcatopom 13 mpe-
MIATCTBYET MPOBOPOTY OOITA.

HcnpiTyemoe coenmnHeHne ¢ MOMOIIBIO cTakaHa 6 u ¢manma 14 3a-
KpeIUISIeTCS B JTA0OpaTOPHON YCTaHOBKE, TMPEACTABIIBINECH c000W BUH-
TOBOM mpecc ¢ pydHbIM npuBojgoM. Pnaner] 14 ¢ ocHOBaHMEM Tpecca co-
eJMHSCTCSl C TOMOIIBI0 mapHupa ['yka, a BepXHUH cTakaH 6 KpemuTcs K
momyHy 1 ¢ momompio nTuHamMoMeTpudeckoro koibia 2. apamp I'yka
CHOCOOCTBYET LIEHTPAILHOMY NMPHJIOKEHUIO BHEIIHEH CHIIbI, KOMIIEHCHPYS
MTOTPEITHOCTH MOHTa)Ka COSTUHEHUS Ha TIpecce.

BremmHss cuta oT mMoi3yHa Yepe3 JMHAMOMETPHIECKOE KOJBIIO Tie-
penaercs Ha HcTbITyeMoe coenuHenne 4. Jledopmarus Kompiia n3MepseTcs
WHAUKATOpOM 3 M IpornopuuoHanbHa BHemHel cuiie. Koasno npeasapu-
TEJNBHO MPOTAPHPOBAHO.

Cury, TEeHCTBYIONTYIO Ha OOJIT OMPEICIISIOT ITyTeM U3MEpPEHUS Je-
(dopMmaruu pactsokeHHs 00JiTa ¢ TIOMOIIIBI0 HAKJICCHHBIX HA HErO YeThIpeX
MIPOBOJIOYHBIX TeH3ope3uctopos 11 ([1...J14).

Tenzopesuctopsr J[1...]14 coennHeHBI Tak, 9TO 0OPa3yIOT OJHO aK-
TUBHOE IUIEYO H3MEPUTENIBHOr0 MocTa. TpH Apyrux Iuieda oOpa3oBaHbI
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MacCUBHBIMU TeH3ope3ucTtopamu [I5...J17, KOTOpbIE SBISIOTCS KOMIIEHCA-
LUUOHHBIMH, UX YCTaHABIMBAIOT B U3MEPUTEIHLHOM mprOope 5.
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HeTounuk Toka

Puc.1

[Ipubop 5 nmpexHasHaveH I U3MEpeHUs AchopManuy 00JTa U TH-
TaHUS MOCTA. DJIEKTPUUYECKAsh CXeMa aKTHUBHOIO IUICYa M3MEPUTEIILHOTO
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MOCTa ¥ CIIeIHalibHOE pacIioyiokeHune Ten3opesuctopos [11...J14 Ha crepx-
He 00JITa MO3BOJISIOT MPAKTHYECKH MCKIIFOUYUTh BO3MOXKHOE BIIUSTHHE M3TH-
0a cTeprxHs 00NTa IpU U3MEPEHUH ePOPMALIUH PACTSHKEHUSL.

boat ¢ Tenzopesucropamu [1...J]14 mpenBapuTesbHO MPOTAPUPO-

BaH. Pe3ynbTaThl TApUPOBKY HaHECEHBI Ha MIKay pubdopa 5.

N —

Ilops10K BBINOJHEHUNA IKCIIEPMMEHTA

Bkiio4unTh M3MepHUTENBHBINA TPHOOP 5.

YcranoBuB pyuky mpubopa 5 Ha O (HyneBas OTMETKa IIKAJbI),
MIPOBEPUTH OaJaHCHPOBKY M3MEPUTENIEHOTO MOCTa MpH HE3aTsHY-
TOM HCHBITYEMOM COEAWHEHMH (CTpesiKa rajibBaHOMeTpa npubdopa
5 IOMKHA HAXOJUTHCS HAa HyJIEBOM OTMETKE LIKAJIbI).

3aTsIHYTH OOJIT TACUHBIM KITIOYOM JI0 3HAUCHUS F,,,. 3HAUCHUE Fyr
oTpenensieTcs Mo YCIOBHIO MPOYHOCTH OonTa (CM. J1abOpaTOpHYIO
paboty Ne 3) mnm 3amaercss mpemnopaBaTeNieM U KOHTPOJIUPYETCS
CTYIEHTaMH TPH 3aTSHKKE 110 Ipruoopy S.

Harpysuts coenunenue BHewmHeil cunoit F' (F< [.2F,,;) 3HaueHue
KOTOpPOH KOHTPOJIMPOBATh MO MHAUKATOPY 3 AMHAMOMETPHUYECKOTO
KOJbIIa 2 C WCMOJB30BAaHUEM IPUIAraeMoro TapupOBOYHOTO Tpa-
¢uxa.

Omnpeaenuts no npubopy 5 cuity Fs, IelcTBYONIYI0 Ha OOIT.
Pe3ynpTaTel U3MepeHUH 3anucath B ONaHK M Pa3rpy3UTh COEANHE-
HUE.

Wsmepenus no . 3, 4, 5 MOBTOPUTH HE MEHEe TPexX pas.
Hcnonp3ysi ycpeOHEHHBIE 3HAYEHHUsl PE3yJIbTaTOB HKCIIEPUMEHTa
OTpenenuTh KOAPPHUIMEHT OCHOBHON HArpy3KH IJI UCIIBITYEMOTO
coeMHEeHHs 1o popmyIie

X:(an'r - F3aB)/F

IToBTOpPHUTH SKCHEPUMEHT, YCTAHOBUB IPEIBAPUTEIBHO MEXIY JE-
tarsivu 9 u 10 IpoKIaaKy U3 MITKOTo MaTepHana.

Onpenenenne k03 GUIHEHTa OCHOBHOH HATPY3KH PACYETHBLIM IIYTEM
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3aTsHyTOE OONTOBOE COCTMHEHHE MPEACTABISIET COOOM CTATHUECKU
HeomnpeaenuMyto cuctemy. OINpenenuTs pacdeTHbIM ITyTeM CHIIBI, JeHcT-
BYIOIIME Ha OONT M COEAMHSAEMBIC NIETalld, BO3MOXKHO INPH YCIOBUU HC-
[0JIb30BAaHUSl YPABHEHHSI COBMECTHOCTH YIIPYTUX nepeMenieHui 1, 2]

Pemast ypaBHEHHE COBMECTHOCTH YIIPYTUX IEPEMEIEHUN, [T0JIyda-

M
oty
Aptig ,
(1)

rae A, - MogaTIMBOCTh AcTaield, MmM/H; Ap - mogatimBocTs 6oaTa, MM/H.
[MomaTnuBOCTh 00JITA C TUCKPETHO M3MEHIEMBIM IONEPEYHBIM Ce-
YCHHEM CTEPXKHS ONpPE/IeIIieM 10 3aBUCUMOCTHU

1 &I
Dy =—y - 2
1 EBZA,- )

3neck Ep - MOOyNb YNPYTrOoCTH MaTepuana OonTa (I CTaiu E=2-10°
Mlla); /; - nmuaa (MM) nedopMHUpYyIOMEHCS YacTH CTEPXKHS 0ONTa C TUIO-
LI1A/IBI0 TTOTIEPEYHOTO CEUSHHS, PABHOM A, , MM".

PacueTHast cxema sl ompejeNieHHs Az B pacCMaTpUBAEMOM CO-
eJIMHEHUU TpelcTaBieHa Ha puc. 2. [lpu ompeneneHuM MONATIMBOCTH
pe3b00BOI WacTh cTepkHs OoNTa K JUIMHE HApE3aHHOTO ydacTKa Ooura,
MOJIBEPTaIONIETOCs PACTSIKEHHIO, TOOABISIOT BEJIMYMHY, PABHYIO TIOJIOBUHE
BBICOTHI FaﬁKI/I, 3a CUCT Y€ro YYUTHIBAIOT YIJIMHCHUC 6OJITa Ha y4YacTKe
3aBUHYMBAHMUS, a TAKKE MOJIATIIMBOCTH PE3LObI B raifke.

Takum 00pa3zom, TS HCCIIETYEMOTO COETNHEHMS

walid). o
b 1 2

IlomaTnuBOCTH AeTaneil coennHEeHNs onpeesieM o hopmyiie
1 & h
S N s
=S @
b1 Y I

Wk, IJId UCCIIEAYyEMOT0 COCIMHEHMS, ITI0 COOTHOMICHUIO
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wifaen)
A Al Az

[Ipy onuHAKOBBIX pa3Mepax COeIUHAEMBIX AeTanel ¢popmyia
(5) npuaNMaeT Bug

b

_h
g EHAIL

rne hp = hy+h, - cyMMapHas TONIIMHA COSAUHIEMBIX ACTaleH, MM;
Ej - Mozyne ynpyroctu uMaTepzmana neraneii, MIla; Aj - mmomans morme-
peYHOTO ceueHas AeTanei, MM .

IIpn ompenenenun pasmepa Aj mojararr, 4ro Aedopmarus ae-
Tanel Impu AeHCTBUM CHIIBI BAOJIH OCH 00JTa UMEET MECTO TOJNBKO BHYTPH
KOHYCa, HAUMHAIOLIErocs OT ONOPHBIX IOBEPXHOCTEH T'alKU U TOJIOBKU
0oxra (cM. puc. 2). Tak kak Mmiomaab MONEPEeYHOro CEYCHUs KOHyca Iepe-
MEHHas, TO C IEJIbI0 YIPOIICHUS PAaCUETOB KOHYCHI 3aMEHSIOT TOJIBIMU 1T~
JUH]IPaMH, TUTOIIAh KOTOPBIX B OCEBOM CEYEHHHU PaBHA IO KOHYCOB
B TOM K€ CEUEHUU (CeueHUe IUTIOCKOCThIO YepTeka Ha pHucC. 2).

, (6)

g+l (Fa+ )
a
A T
. s
7777 7
"\ ke 7l
7 ~
7
~ d. Nk
B -
A u tgoL.ﬂO’:}'
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Puc.2

Ha ocHoBanuM BbIlIE U3JI0KEHHOTO, OPUHAB tg @ = 0,5 3anuiem
2

T OH_M _dg (7)

rae do - AMaMETpP OTBCPCTHUA B ACTAIAX MO 60J'IT, MM; a - CM. pHUC. L

B HCKOTOPBIX KOHCTPYKIUAX IJId obecneyeHUs TCPMETUYHOCTHU

COEIMHEHHA MEXAY JeTalIMU BBOIAT MPOKIAJIKY W3 MITKOTO MaTrepuaia
(pe3uHa, KapTOH M T.JI.), YTO CYIIECTBEHHO YBEIMYUBAET IMOJATIMBOCTD
JEeTaneil 1 MPUBOAMT K POCTY y. B 3TOM citydae 11 pacKpbITHA CTBIKA IIPH

F347= const

HEO0XO0JMMO TPUIIOKHUTH K COSTUHEHUIO OOJIBIIYIO0 BHEIIHIOW CHITY F .

—_

—_

Ilopsa/10K BBINOJIHEHHS] PACYeTOB
O3HaKOMUTbBCS C pa3MepamMu COSIMHEHUS 1o pHc. 1.
HauepTuth pacyeTHyr0 cxemy M ONpeAenuTh 1o ¢opmyne (3) mo-

JaTIMBOCTD OoJTa Ap.

Haueptuth pacueTHyo cxeMy W OINpeaenuTh 1mo ¢opmyie (4) ¢
yuaeToM Gopmyiisl (7) MOJaTAMBOCTD AeTaleH Aj.

Mo ¢opmyne (1) ompenenuTh TeopeTUUECKOe 3HAUYCHUE KOIPPU-

qUueHTa Y OCHOBHOH HarpyskKu IJid UCCIIE€JOBAHHOI'O COCANHCHMA.

KoHTpoJbHBIE BONPOCHI

Kakwne akrops! BiustoT Ha K03 (OUIIMEHT OCHOBHOM Harpy3KkH y?
CpaBHUTE SKCIEPUMEHTAIBHOE U TEOPETUYECKOe 3HAYEHUs KO-
s¢dunrenta y. B ciyuae HecoBmazeHUsi pe3yNbTaTOB IOMBITA-
TeCh O0BSICHUTD IPUIMHBI PACXOXKICHHUS.
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3. Kak uzmeHseTcs y Ipu HATMYHN TPOKIIAJKA MEXKIY NETATSIMU?

4. B kakux ciydasx MenecooOpa3sHO HCIONB30BaTh MSTKHE IPO-
KIIaJIKH MEXTy ACTasIMU?

5. VYkaxuTe BO3MOXXKHBIE KOHCTPYKTHUBHBIE MEpPBI, CIOCOOCTBYIOIIHE
YMEHBIICHUIO HATPYKEHHOCTH OOJITOB B COCAMHEHHNH, paOOTaBLINX
B YCJIOBHUSIX IEPEMEHHBIX Harpy30K.

NeS.JkcnepuMeHTANIbHAS MPOBEPKA METOAUKH PacyeTa
COeIMHEHMS C HATATOM

Ileab paGoThI - MCCIIEIOBAHNE HATPY30YHOM CIIOCOOHOCTH COEIMHEHUS C
HATATOM; OIBITHOE OMpeeiicHre KOA(PDUITMCHTA CIICTUICHUS B COSTUHCHUH
C HATSITOM.

XapakTepuCcTHKA MCCIETYEMOr0 COeIMHEHHUS

[IpuHIUT paboTH COEMUHEHHS AeTajeil ¢ HATATOM 3aKIFoYaeTcs B
WCIIONIB30BAaHUU CHJI TPEeHUS MeXAy HUMH. Cuibl TpeHus 0O0YCIOBIICHBI
JICHCTBHEM CHJI YIIPYTOCTU B AeOPMHUPYEMBIX MPU cOOpKe JeTansx. B ta-
KHX COCIMHEHHIX IUAMETp Bajia O COOPKH MPEBHIIIAET JUAMETP OTBEp-
CTHSI BTYJIKH Ha HEOOJIBIIYIO BEJMUNHY, HA3bIBAEMYIO HATATOM.

CoenyHEHHE C HATATOM MOXET Iepe/laBaTh OCEBYIO CHIIYy, Bpa-
[IAOIUK ¥ u3rudaronmii MOMEHTHL. [lepenaBaeMble HArpy3Ku 3aBUCST OT
cremyromux GpaxkTopos:

pa3MepoB JeTalel;

BEJIMYUHBI HATATA;

YIPYTUX CBOMCTB MaTe€pHaJIOB AeTalICH;

kod(dumreHTa TpeHus (CIEIUICHNs) B COCTUHEHUN C HATATOM.
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3naueHne ko3 uimeHTa cluerieHns 3aBUCUT OT MaTepPHaioB Basla
Y BTYJKH, HAJIMYUS CMa304YHOTO Marepuaja U crocoba COOpPKU coeluHe-
HUSL.

Yamie Bcero cOOPKY COCAMHEHHS C HATATOM BBIMOJNHSIOT 3ampec-
coBkoii. [Ipu 3TOM BTYJIKY HaJBUTAIOT Ha BaJl, IPEOIO0JICBas CUITy TPEHHUSL.

Hccnenyemoe B naHHOW paboTe COCAMHEHUE COCTOMT M3 Baia 1 U
BTyJKHU 2 (puc. 1) ¢ HoMUHAIRHBIM nuaMmeTpoM d. Ban cHabkeH muiumamu,
a BTYyJIKa - IBYMs KyJlaukaMH, HEOOXOAMMBIMHU JUIs 3axBaTa AeTayeidl co-
€MHEHUS IpH Harpy>XeHUM BpalaroliuM MoMeHToM. CoeanHeHue colu-
paroT 3ampeccOBKOM Ha BUHTOBOM IIpecCEe, HArpy»aroT BpAILAIOIIAM MO-
MEHTOM [0 TIOSIBJICHHSI CIBHUTA JeTajeil (IpuBOpOTa), a 3aTeM Pa30oUparoT
BBIIIPECCOBKO.

1 2 L
] —\14////5@ |
TN
Kvmaugm

Tocagoumas
IOEEPXHOCTE

Puc.1
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-3 % ~ * Raz
5 P- gaemeHie Ha mocamouHOH
! i TIOBEPXHOCTH Baa
Puc.2

IlopsiaoK BLIMOJHEHNS PAOOTHI

JIst SKCIIepuMEHTAIBHOTO oTmpeencHus kodddummenTa crerie-
HUS B COSMHEHNH HEOOXOMMO MPOU3BECTHU CIIEAYIOIIUE EHCTBUSL.

1. I3MepuTh OTKIOHEHMS IOCAJOYHBIX JUAMETPOB Bana U BTYJIKU
OT HOMHHAJIBHOTO pa3Mepa.

2. YCTaHOBUTH, KaKOW M3 YHClIa PEKOMEHAYEMBIX COOTBETCTBYET
MocajKa UCCIEeLyeMOro COSANHEHHS.

3. DKCIepUMEHTAIbHO ONPEAETUTh CHIIBI 3aIPECCOBKH, BBIIPEC-
COBKH M BpalllalOLINil MOMEHT IPOBOPOTA.

4. Ha ocHOBaHMU pacyeTHBIX 3aBUCUMOCTEN U MOJTYYESHHBIX JKCIIe-
PUMEHTANbHBIX IAHHBIX ONPEAEINUTh KO3(G(HUUMEHT CUEIJIeHUs Ipu 3a-
MIPECCOBKE, BHIITPECCOBKE U IPOBOPOTE.

PacueTHBIE 3aBHCHMOCTH

[Ipu 3ampeccoBke Baja BO BTYJKY (pHC. 2) Ha IMOCAAOYHOW IIO-
BEPXHOCTH JICTaleii BO3HUKACT JaBJICHUE, KOTOPOE MOXKET OBITh OIl-
peneneHo 1o hopmyiie
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5-107°
d(C,/E +C,/E,)

p= ; (M

rie P — naBieHHne Ha CONPSDKEHHBIX MOBepxHOCTSX, Mlla; J - pacueTHbIi
HATAT, MKM; d - HOMUHAIILHBIA JHAMETP COCTUHEHHUS, MM;

E, u E, - Mogynu ynpyrocTu MaTeprasoB Baia u BTynku, MIla;

C) u C; - k03¢ UIMEeHTHI Baja U BTYJIKH, 3aBUCSIINE OT Pa3MEpPOB
netaneit u koadduumentor Ilyaccona MartepuanoB netaneil. Mx MOxHO
OTIPEETUTH 110 PopMyIam

_1+(d,/ad)

_ | , 2
1-(d,/d,)} " ®

1

e R R €)

rie d; - nuaMeTp OTBEpCTHUS Baja, MM; d, - HApyXHBII AHaMETp BTYJIKH,
MM; (4 | Lb - KodQdunmenTsl [TyaccoHa MaTepranos aeTanei.

PacyerHbIif HATAT O CBS3aH C U3MEPEHHBIM HATSITOM CJICIyOIIeH
3aBUCUMOCTBIO, YUUTHIBAOIIEH CMATHE MUKPOHEPOBHOCTEH COMPSKEHHBIX
MOBEPXHOCTEN BaJia U BTYJIKH:

§=N—6{R;y +R,2) , 4)
rae N - UBMEPEHHBIN HATAT, MKM;
R, u Ry, - cpenHue apudMeTHYECKHE OTKIOHEHUS MPOQHIIS TOBEPXHOCTH
Baja W BTYJIKHA, MKM.

OceBast cuja, CABUTAIONIAS ETAIH, M BpaIIaIONInii MOMEHT, HEO0O-
XOJIUMBIH IJI IPOBOPOTA COCAUHEHUS, PABHBI COOTBETCTBEHHO

F=f.p.m-d-!
(5
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—f.o.m. gt
I=f-p-m-d"l5og (6)

rae F - oceBas cuna, H,

T - Bpamarouuit MoMeHT, H.Mm;
f - KOO PHULMEHT CUeTUIeHUS;
L - nivHa coeMHEeHUS, MM.

Onucanne YKCEPUMEHTAJIbHON YCTAHOBKH

JInst 3ampeccoBKH, BBIMTPECCOBKH W HATPY)KEHHSI BPAINAOIIAM MO-
MEHTOM COCIUHEHHUS C HATITOM B JIA0OpAaTOpPHOU pabOTe HCIIONB3YEeTCS
YHHUBEPCAIBHBIA YepBSIYHO-BUHTOBON Mpecc, KWHeMaThdeckas cxema |
KOHCTPYKITUSI KOTOPOTO MOKa3aHbl HA PUC. 3.
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JBmxenue xomoBoro BuHTa 1 (cM. puc. 3) BBEpX W BHH3 OCY-
LIECTBIAIOT OT 3JEKTPOJABHUraTess 2 uepe3 KIMHOPEMEHHYIO 3 M 4epBsy-
Hy10 nepenadyn. YepBsauHOe KoJeco 5 ABISAETCS OJHOBPEMEHHO raiKoil me-
pemaun CKONBXEHHA BHHT-Tallka, KOTOpas cooOIIaeT BHHTY TIOCTY-
naTesNbHOE JBMKEHHE. J[Js HCKIIIOUeHHUs BpalleHHs BHHTAa OT MOMEHTa
TpeHHUsI B pe3b0e CirykaT OBe Hampasisitomue mmnoHku 6. [lepememenue
XOJIOBOTO BUHTA MOKHO OCYIIECTBJISITh TAKXKE BPYUHYIO C IMOMOIIBIO Ma-
XOBHKa Ha Bally 4epBska 4.

JList u3smMepeHust CUIIbl [ CIIyKUAT JUHAMOMETpUYECKas IPyKUHA 7 ¢
HaKJICEHHBIMHM Ha HE€ TEH30JaTYMKaMH, CUTHAJ ¢ KOTOPBIX PETUCTPUPYIOT
Ha JUarpaMMHOM JIEHTE CaMOIMIIYIIEro Mmpubopa (Ha pUCYHKE HE TOKa-
3aH). [ToMuMoO 3TOTO CHIy Ha Mpecce MOKHO M3MEPHUThH C MOMOIIBIO yCTa-
HOBJIEHHOTO Ha MpY>KWHE MHIUKATOpa 4aCOBOI'0O THMA 8.

HN3MepeHue aeTajiel U onpeaejeHue NOCaaAKu COeTHHEHUS

Pa3mepsr neraneii d , d, , db, u L (cM. puc. 1) u3MepsIoT ITaHTeH-
LUPKYJIEM.

Jlist onpeneneHust NoJIsl AOIyCKa [OCa04yHOro AuaMerpa Bajia He-
00X0IMMO M3MEPHUTh €r0 OTKIOHEHHWE OT HOMHHAJIBHOTO 3HAYEHHs C IO-
MOIIbI0 MHIMKATOPHOHW CKOOBI. Ilepen BBIMONHEHHEM H3MEPEHUH CKOOY
He0OXOJMMO HAaCTPOWTh Ha HOMHHAIBHBIN pasmep 36,000 mm. B pactBOp
CKOOBI BKII/IBIBAET COCTHIKOBaHHBIE KOHIIEBBIE MEPHI JUIMHBI C CyMMapHOU
mmHOH 36,000 MM, TIOCIIE Yero yCTaHaBIMBAIOT CTPENKY NprUOopa Ha HOJIb.

W3mepeHust Bana BBINOJHSIOT clieayromuM obpasom. Ha mocamou-
HOW OBEPXHOCTH BBIOUPAET J[BA IMOTIEPEUHBIX CEUYCHHSI U B KaXKIOM U3 HUX
MPOM3BOIAT [1BA M3MEPEHHS BO B3aUMHO IEPIEHAMKYJSPHBIX Hampasiie-
Husx. CpeHee 3HaYCHUE OTKIIOHEHUS Baia A; ONPEAETSIOT 1o opMyIie

1 n
.&1=—Z Ali
n

rae A; - OTKJIOHEHHUE BaJla B I - M 3aMepe, MKM; /1 - YUCJIO 3aMEPOB.

B cootBercTBUU co craHmapToM (Tabi. 1) yCTaHaBIMBAIOT, KAKOMY
TMOJIIO JIOMYCKa Baja YAOBJIETBOPSIET N3MEPEHHOE OTKIIOHEHHE €ro THaMeT-
pa A;. IIpu BeIOOpE OIS AOMyCKa JOIHKHO BBHIMTOIHATHCS YCIOBUE

ei<Ai<eS
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Tabmumna 1

3HaueHus MPpEACIbHBIX OTKJIOHEHHH BaJIOB MKM, JJIs1 HOMHHAQJIBHBIX JHa-
meTpoB 30...40 MM

[Tone gomycka
OTKJIOHEHUE
Bana P6 r6 S6 t6 S7 u? u8
HIDKHEE el 26 34 43 48 43 60 60
BEpXHEE es 42 50 59 64 68 85 99

Jlns ompeneneHust MOl AOIMYCKa MTOCAIOYHOrO AWAMETpa BTYJIKH
HEO0OXOMMO H3MEPHUTH €ro OTKIIOHEHHE OT HOMHHAJIBHOTO 3HAYEHHUS C T10-
MoIIbI0 HyTpoMmepa. Ilepen BBIMOTHEHWEM W3MEpEHHH HEOOXOAMMO Ha-
CTPOUTHh Ha HOMHMHAIBHBIN pazmep 36,000 mm. [l aTOro HyTpoMep BKIIa-
IBIBAIOT B OTBEPCTHE KOJIbI[A 3TAJOHA C U3BECTHBIM OTKJIOHEHUEM JAHaMET-
pa, TIOCJIe Yero yCTaHaBIMBAIOT CTPENIKYy MpuOopa Ha BENMYMHY OTKIIOHE-
HUSL.

W3mepeHust BTYJKH BBINOJHSIOT cieayromuM oOpasom. Ha moca-
JOYHOU MOBEPXHOCTH BHIOMPAIOT JBa MOMEPEUHBIX CEUCHHS U B KOKIOM U3
HUX MPOMU3BOJAT JIBa U3MEPEHUS BO B3aUMHO NEPIEHIUKYJIPHBIX Halpas-
nenusix. CpeqHee 3HaUCHUE OTKJIOHEHUS BTYJIKH A, OmpenessioT 1o ¢op-
MyJie

AZZZAZI‘ /n

rae Azi OTKJIOHCHUEC BTYJIKU B I-M 3aMepe, MKM; 7 — YUCJI0 3aMCPOB.
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B cootBercTBHE co cTangapToM (Tadu. 2.) yCTaHABINBAIOT, KAKOMY
MOJII0 JIOMyCKa BTYJIKH YIOBJIETBOPSET M3MEPEHHOE OTKIOHEHHE ee Iua-
metpa A,. Ilpu BeIOOpe MO AOMyCKa MOJKHO BBIMONHATHCS YCIIOBHE
EI<A,<ES
Tabmuna 2
3HavyeHus MpeaebHbIX OTKIOHEHUH OTBEPCTHI, MKM, /7151 HOMUHAIBHBIX
nuameTpoB 30...40 MM

OTtkioHEHNE Ilone gonycka
BTYJIKH H7 HS
umxHee El 0 0
BepxHee ES 25 39

ITo BBIOpaHHBIM ITOJISIM AOITYCKOB Bajla M OTBEPCTHUS BTYJIKH BHIOU-
paloOT COOTBETCTBYIOUIYIO TOCAAKY COEAMHEHHWS W3 pPsifla PEKOMEHIOBaH-
HBIX:

H7 H7 H7 H7 H8 H7 HZ
p6 16 S6 t6 S7 u7 u8

IKCIepMMEHTAJbHOE ONpeleJeHHe MOMEHTA MMPOBOPOTA,
CHJI 3aIIPECCOBKH M BBINIPECCOBKH

Jlist cOOpKM M HATpY)KEHUST COCAMHECHHSI CIY)KUT YESPBSIIHO - BHH-
TOBOI1 Mpecc M clielHanbHOe MprUcrocodeHne Tumna "HoxxHuIb" 3 (puc. 4),
B KOTOpPOM Bai | 3ampeccoBBIBAIOT BO BTYJKY 2 (cM. puc. 4a), 3aTeM coO-
paHHOE COCJMHEHHE HArpyKaloT BPAIAIOIIAM MOMEHTOM JIO MOSIBIICHUS
B3aMMHOTI'0 MIPOBOPOTA JeTalielt (cM. puc. 40) u pa3dUPaIOT BHITPECCOBKOM.
[IpucnocobiieHne COCTOUT U3 IBYX YacTel, yIep>KUBAIOIINX Ball H BTYJIKY
B OKPY>KHOM HaIpaBIIEHUH W COAEPIKANINX YIOPHI, OTCTOAIINE Ha PaCCTOS-
HUU R oT ocu Basa u BTyJKU. K yropam ot npecca NpUKIagbsIBalOT OKPY K-
HYyI0 cuiy F; M TakuM 00pa3oM HarpykarT COSAMHEHHE BPAIIAFOIIUM MO-
MEHTOM

T=FR
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C momoIIp10 UMEIOUTNXCS U3MEPUTEIBHBIX CPEJCTB PETUCTPUPYIOT
3HAUCHUS CUTHAJIOB B KOHEYHBIA MOMEHT 3allPECCOBKH, HAaYalbHBIN MO-
MEHT IIPOBOPOTA U HaYalIbHBIA MOMEHT BBIIIPECCOBKHU, KOTOPHIC AAIyT MO-
clie mepecyeTa 3HAUEeHUs CHJI 3allpECCOBKU F3 , BBIIPECCOBKU Fy , OKPYX-
HOW CHJIbI IPU MPOBOPOTE COCTUHEHUS F.

JeiicTBUTENbHOE 3HAUEHHE MOMEHTAa IPOBOPOTA OMPENETSIOT MO
hopmymne

T=F R
rae T - momeHT npoBopoTa, H.m; R=0,05 M - paccTosiHUE MEX]Ty OCBIO Bajia
U IMHUEH NPUIoXKeHus cuiibl £y (cM. puc. 40).

Omnpenenenue ko3pduuuenTa cuenjeHus B coeIMHEHUH

M3MepeHHbIN HATST B COEIMHEHUHU PaBEH
N:Al—Az

3HaveHHS MTApaMETPOB MEPOXOBATOCTH MTOCAIOTHBIX ITOBEPXHO-
CTEH Bajia U BTYJIKU R, U R, ONPEAEISIOT BU3yaJIbHBIM CPABHEHUEM C
MpUJIaraéMbIMH STAIOHHBIMH 00pa3aMu MEepOX0BATOCTH MMOBEPXHOCTEH.

PacyerHblii HATAT O ompeAesAtoT 1o hopMmyiie (4).

JlaBneHune P Ha MocaJloYHBIX MOBEPXHOCTAX JieTalleld ONpeaesstoT
o popmyie (1); mpu 3TOM Moxynb yrpyroctr E st cranu pasen 2,1 x 10°
MIla, nnst uyryna — 1,05 x 10 Mlla; koo dumment Ilyaccona u mist cranm
pasen 0,3, st uyryHa - 0,25; ko3 dunmentsr C; u C, Bajia ¥ BTYJIKH OII-
penemnstor o gopmynam (2), (3).

3HaueHus KOAPPUIMEHTOB CIETUIEHUS B COSAMHEHNN ONPEIeIISIOT
I10 CTIEAYIOIINM 3aBHCHMOCTSIM:

IIpu 3apeCCOBKE

— 7
fa g-m-d-l
[PY IPOBOPOTE
£ o T 2000
T pem-dZl
IIpU BBIIIPECCOBKE

Fp
fB_p.ﬁ.d.E
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[ToyuenHble 3HAYCHUS CPABHUBAET MEXITY COOOM M C pEKOMEHTY-
eMBIMHU TIpU pacueTe coeluHeHHH ¢ HaTsAroM. OOBIYHO B HadaJbHBIE MO-
MEHTBI BBIIIPECCOBKH M MPOBOPOTA COSTUHEHUS KOI(PGHUIHEHT CLETIICHUs
HECKOJIBKO BBIIIE, YeM NPU OKOHYAHUH 3alPECCOBKH. DTO CBSA3aHO C -
(heKTOM MOBBIIEHHOTO TPEHUS MPU CTPATWBAaHUH C MECTA [0 CPABHEHUIO C
TPEHHEM NpU ABWXKECHUH. PekomeHayemble KO3(pQHUIUEHTHI CLETICHUS
OOBIYHO HA3HAYAIOT, OPHEHTUPYSCh Ha MHHHUMAJIBHO BO3MOJKHBIE JKCIIe-
PUMEHTAIIbHBIE 3HAYEHUS, YTO NMPH3BAHO OOECIeYMBATH 3arac HeCcyIlen
CIIOCOOHOCTU coeUHEeHUi. [ coequHeHns ¢ HAaTsAroM CTaJbHOTO Baja U
YYT'YHHOH BTYJIKH, COOPAaHHOTO 3aIpPECCOBKOM, PEKOMEHAYEMBIH Ko3(d-
¢urment cuerenus cocrasiset 0,07.

KoHTpoJbHbIE BONPOCHI

KakoBbl Ha3HaueHHE U TPUHIUI pabOTHl COSAMHEHUS C HATATOM?

2. Or xakux (PakTOpOB 3aBHUCHT HArpy304Has CIOCOOHOCTH coe-
JTUHEHUS C HATATOM?

3. Kak BnusieT mepoxoBaToCTh MOBEPXHOCTEN JeTajiel Ha Harpy3od-
HYIO CITOCOOHOCTH COSAMHEHUS?

4. CpaBHHTE 3KCIIEPUMEHTAIbHOE U PEKOMEHAYyeMOEe JJsl pacueToB
3HaueHus ko3(dunueHToB TpeHus. B cirydae HecoBmangeHus pe-
3yJbTaTOB OOBSICHUTE MPUUNHBI PACXOKACHUS.

—_—
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Ne6. Onpenesienue ko3(pPpuiuenTa TpeHust Npu
3anpeccoBKe U BbINPECCOBKE B COEIMHEHUH € HATATOM

Ileab paboThI — SKCIIEPUMEHTAIBHOE OIpeneieHne Kod(pHUIINEHTOB Tpe-
HUS TIPH 3aIIPECCOBKE U BBIIIPECCOBKE B IIPECCOBOM COCIMHECHHUH M CpaBHE-
HUE€ TOJYYEHHBIX 3HAYEHUH CO CIPAaBOYHBIMU, NMPUBEJICHHBIMU B JIUTEPa-

Type.

1. OOmue cBeaeHUS K NPOBEICHUIO JAa00PATOPHLIX PAadoT

JlaGoparopHbie pabOTBI MPOBOJATCS B COOTBETCTBHH C JaHHBIMU
METOAMYECKMMH MaTepHhajaMd W PYKOBOJCTBOM MO 3Kciutyaraiuu JIM-
CH-3JIP-012.000 P3.

K BemmonHeHno mabopaTopHBIX paboT IOITyCKAaIOTCs TOIBKO 00y-
Yarolyecs, 03HAKOMUBIIINECS C YKa3aHHBIMU MaTepHallaMH.

KoncTpyxkims crenaa nmpejacTaBieHa Ha pucyHkax 1.1.

Puc. 1.1. ®oto crenna
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21 22 23 24

Puc. 1.2. Uccnenyemsle Bal U BTyJIKa

CreHn yueOHBIHN «/leTany MaIuH - COeTUHEHUE C HATATOMY BKJIIIO-

yaeT B ceds:

MOTOp-penyKTop 1;

JTATIUK 000POTOB AIIEKTPOIBUTATEISI MOTOP-PEAYKTOPA;

JIEBYIO OTIOPHYIO TUIUTY 3;

JaTYUK 4 HayalIbHOTO MOJOXKEHUS MOIBUKHOM OMOPBHI;

JATYUK 5 KOHEYHOTO MOJIO0KEHUS MOABMKHON OMOPHI;

nepenavy BUHT-Talika, pa3MELIeHHYIO B Kopiryce 6;
CUJIOU3MEPUTENH 7 ¢ YCTAHOBIEHHOM B HEM MOJBUYKHOM OMOPOH;
¢buxcupyroumii ymop 8;

3KUMHOE YCTPOUCTBO 9, IJIs1 UCIBITAHUS HA OTHOCUTEIBHBIN MTPO-
BOPOT;

BUHTHI 10 1715t pUKCAIK BTYJIKH B 3a)KHMHOM yCTPOHCTBE;
KoHTpoJutep 11 11 ynpaBiieHus CTEHIOM B cOopa JaHHBIX, pa3beM
JUTSI TIOJKITIOUEHUST K KOMIIBIOTEPY PpAcIlONIOKEH Ha JIeBOU
CTEHKE KOpIIyca KOHTPOJIIEPa;

cToJIeHTHUITY 12 ¢ HeCyIHuM KapKacoM ¢ BUHTOBBIMH OIOPaMH IS
YCTAaHOBKHU CTEH/a HAa TOPU30HTAIBHON TOBEPXHOCTH;
KOMMYTAITHOHHBI 070Kk 13 ¢ paspeMaMu I TOIKITIOUSHUS
TUHAMOMETPHUUYECKOTO KITF0Ua U TIOIKITIOUEHHUS K KOMITBIOTEPY;
cBeToaAuo ] 14 MHANIMPYIONTHI BKITFOUEHUE TIPSIMOTO X0/1a TTO/I-
BIJKHOH OIIOPBI;
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— TymOnep 15 ans mepexiovueHnss pydYHOTO yIpaBiIeHUs (TIPSIMO
X0JI, 0OpaTHBIN X01) ¥ peKMMa MPOBEICHUS IKCIIEPUMEHTA;

— cBeToano 16 MHANIMPYIONINI BKIIOUEHUE OOPaTHOTO X0/1a TIO/I-
BIJKHOH OIIOPBI;

— cBeTroaAMoA 17 MHANLIMPYIOUIHH BKIIIOUEHHE IEKTPONIUTaHUE CUC-
TEMBI yIpaBJICHUS CTEH]IA;

— TymOuep 18 11 BKIIIOUEHHS 3JIEKTPONUTAHUE CUCTEMBI yIIpaBlie-
HUS CTEHIA;

— KHOMKY 19 aBapuitHOH OCTaHOBKH 3JIEKTPOIBUTATEIIS;

— TIpaByIO OMOPHYIO Ty 20 ¢ MWINHAPUIECKON TPOTOYKON AJIS
YCTaHOBKHU HCCIIEAYEMOr0 COETUHEHNS IIPU 3aIIPECCOBKE;

— BHeIHIo 000iimMy 21 17 KperieHHs BTYJIKH UCCIIEIYyEeMOTo Co-
€MHEHUS;

—  BTYJIKY 22 UCCIIEyEeMOTr0 COEIUHEHMS;

— (ropomnacToBoe IpsA3eCheMHOE KONBLO 23, YCTaHOBJICHHOE Ha Bal
HCCIIEYyEMOr0 COEINHEHMS;

— BaJ 24 uccienyemMoro COequHEHMs;

— JIMHAMOMETPHUYECKUH KIIOY.

2. Onucanue J1a00pPaTOPHLIX PadoT
2.1. TeopeTnueckne 0CHOBBI

CoenuHeHue AeTajeil ¢ rapaHTUPOBAHHBIM HATATOM (Pa3HOCTH Ia-
CaJIOYHBIX TUAMETPAITBHBIX Pa3MepOB Bajla W BTYJIKH) OCYIIECTBIISIIOT 32
CYeT UX NPEBAPUTENBHON ehopMaIiiH.

CoenvHeHNe JAeTalell ¢ HATATOM IPEACTaBISIET COOOM compsike-
HHUE, B KOTOPOM Iepe/iaya Harpy3KHd OT OJJHOW JETalu K JPYTrod OCYIIeCTB-
JIIETCSI 32 CUET CUJI TPeHUS (CUETICHNUS) Ha TTOBEPXHOCTSIX KOHTaKTa, 00pa-
3YIOIMXCs Onarojaps CHjiaM yIpyrocTd. DTO PaclpoCTpaHEHHBIN, MPoO-
CTOM, HAAEKHBIH M TEXHOJOTHMYHBIH CIIOCOO COeNMHEHMS IeTallell Tuia
BaJI-BTYJIKA, JOMYCKAIOMIMA Tepenady OOJNBINNX HArpy30K, B TOM YHCIE
BHOPALMOHHBIX U YJaPHBIX.

XapakTepHbIMU IpPUMEpPaMU JETalei, COCOUHSIEMBIX C HATATOM,
MOTYT CIYXKHTh: KPWUBOIIUIIBI, MANBIEI KPUBOIIHUIIOB, KOJIECHBIE IIEHTPHI U
0aHIa)KH JKEJIC3HOJOPOKHBIX BATOHOB, BEHIIbI 3y0UYaThIX U YEPBSIYHBIX KO-
Jec, TUCKH TypOWH, POTOPHI 3NMEKTPOABUTATENICH, TOAIIUITHUKA Ka4eHUS U
T. 1.
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XapakTep COeIUHEHHS OMPEIeNsIeTcs] HAaTATOM, KOTOPBIA BBIOHMpa-
IOT B COOTBETCTBUH C IOCAIKaMH, YCTaHOBJICHHBIMU CTaHJAPTHOM CHCTe-
MOM TIpeleNbHBIX IOMYCKOB M mocajgok. Hambonee pacmpocTpaHeHsl crie-
JYIOLIME TIOCAIKU C HATSTOM KBAIUTETOB 0; 7 B OpsAIKe yObIBaHUS HATATA:
H7/u7; H7/s6; H7/r6; H7/p6. ConpoTuBIIeHHs CIBUTY MpHU OOJBIIUX HATS-
rax gocturarot 12 MIla.

Jnst coeqMHEeHNsI TOHKOCTEHHBIX JeTanell OoblIne HaTsIr HelpH-
MEHHMBI.

Crioco0bl COOPKH COCIMHEHUS C HATSITOM:

—  3aIpPECCOBKOM - MPOCTEUIIMI U BBICOKOIPOU3BOAMTENBHBIA CIO-
c00, o0ecreuynBaOMMA ~ BO3MOXHOCTH  yYIOOHOTO  KOHTPOJS
HW3MEPEHHEM  CHIIbI 3alPECCOBKH, HO CBSI3aHHBIM C OMACHOCTBIO
MOBPEKICHUS TIOBEPXHOCTEH M 3aTPYyAHSIONIMN TPUMEHEHHE MO-
KpBITHI;

— HarpeBOM OXBATBHIBAIOLICH JETalM A0 TEMIIEPaTyphl HIDKE TeMIle-
paTypsl OTIyCKa - CIIOco0, 00eCHeYnBArOIIMM HOBBILIEHUE MIPOY-
HOCTH CIleTuIeHus Oosiee ueM B 1,5 pasa 1mo CpaBHEHHIO C 3ampec-
COBKOH M 0c0O€HHO 3QQEKTUBHBINA NpU OONBLIMX IJTUHAX COEAHU-
HCHMI;

—  OXJIAXKIEHHEM OXBaThIBAEMOW AETaJIU - CIIOCO0, IPEUMYIIECTBEHHO
MPUMEHSIEMBIH JJIS1 YCTAHOBKH .HEOONBININX JeTaned, Hampumep
BTYJIOK B MacCHBHbIE KOpPITyCHBIE J€Tald, M 0OeCHeunBaIoOUIHii
HanOoJiee BBICOKYIO IIPOYHOCTD CLEIUICHUS;

— THIPO3alpEecCOBKOH, T. €. HArHETAaHHEM Macia IOA IaBJICHHEM B
30HY KOHTaKTa, YTO PE3KO CHIDKAET CHIIy 3alpECCOBKH; HanOOIb-
mas 3QPEeKTUBHOCTh THIPO3ANPECCOBKU M PACHPECCOBKHU - B MOA-
LIMITHUKOBBIX Y3J1aX U KOHUYECKUX COCTMHEHHSIX.

PacueT coenuHeHHs BKIIIOYAET ONpEAEIeHUEe HEOOXO0IUMOIo HaTs-
ra Juisi oOecrie4eHus] MPOYHOCTH CIEIUICHHST W TPOBEPKY MPOYHOCTH CO-
€IMHSEMBbIX JeTaJleH.

Heo6xonumas BenuuuHa HaTAra ONpEAessieTcs] IOTPEOHBIM JaBiie-
HUEM Ha [T0CaJ0YHOH TOBEPXHOCTH.

JlaBneHue p NOIKHO OBITH TAKUM, YTOOBI CHIIBI TPEHHS OKa3aicCh
Oosplie BHEIIHUX caBuraommx cui. OceBast cuna Fy-, HeoOXonumas Jis
IIPEOIOJICHUS CUJI TPEHUS, OPEIENIATCS BHIPAKEHUEM:

Fy=n-d-L-p-f (1)
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rae f— ko3¢ ¢unueHT Tpenus; d U L- COOTBETCTBEHHO OHAMETP W AJIMHA
[10CaZA04YHON IOBEPXHOCTH.

Bpamaronuit MoMeHT 7, HEOOXOAMMBIN JJIST TIPEOJOTICHUS MOMEH-
Ta CUJI TPEHHS, ONIPEACIIATCS BBIPAXKCHUEM:

—.d?

T=x-d4Lp-f | )

Takum oOpa3oM, HamOOIbIIEe OCEeBOE yCHIIHE W IepelaBacMBbIN
MOMCHT CBsA3aHBI COOTHOIIICHUEM:

T=F 44 : 3)
KoaddummenT tperus s cTaabHbIX NUTH(OBAHHBIX JeTallel TpH
cbopke HampeccoBkoil coctasmusieT 0,08-0,12.
Homunanbhbiil HATAT N CBA3aH ¢ IOCAIOYHBIM JIaBICHUEM p 3aBU-
cuMocTbio Jlsme:

cl CZ
N=pd|—+—| , 4
prd| o (4)
1 2
2
1+i
¢ = d - U
1~ 2 1
1_[%
d
d 2
I+ —
d2
6= dz"":“z
1—| =
d



rae d — TOCaAOYHBIA JUaMETp; d; - TUaMeTp OTBEPCTHUSI OXBAaTHIBAEMOM
netanu (s crutomrHoro Bana d1=0); dr- HapyXHBIH TUaMETp OXBaThIBaIO-
mei geranu (crynuusl); £, u E; — MOAyIn ynpyroctu mMaTtepuaia coOT-
BETCTBCHHO OXBATBHIBAEMOW W OXBATHIBAIOIICH NETANCH; i) U iy~ KOIPDH-
uueHThl [lyaccona MaTepraaoB COOTBETCTBEHHO OXBAaTHIBAEMOU M OXBATHI-
Baromieu neraneit; s cranu u= 0,28; E =2-10° MIla.

2.2.PaboTa HA cTeH]Ie

2. BKIIOYMTH KOMIIBIOTEp, NOKAAThCA 3arpy3KH ONEpalioHHOW CcHucC-
TEMBI
3amycTuTh mporpamMmy ympasieHus crenaom «JIM CHy
4. BKIIOYHTH BIEKTPONUTaHKE CTeHAa TyMmOnepom «lluranue cucre-
MBI YIIPABIICHUS.
[Tocne 3amycka mporpaMMbl Ha SKpaH KOMIbIOTEpa OyAeT BhIBEIe-
HO pabouee OKHO HporpamMmsbl, pucyHOK 3. Ilocie BKJIIOUEHHMS NMHUTaHUSA
CHCTEMBI YIIPABJICHU B IIporpaMmMe OyIyT 0ToOpa)kaThCsl TEKYIIE JaHHbIE
C CHJION3MEPHUTENS M THHAMOMETPHUYIECKOTO KITF0Ya.

W

il E ]

Conpaiti rpogun | SR : COMPAHUTE DOHHLS
“ Yonnua npacconasma kH 14 Cosmie Mpecconame ; . Ocraoexka PR "‘W;.lemwaww e
. Howent nakmoue, Hw EIE Tl e i - : i -
| _Benacposary narwnsr | i OUHCTUTE peayneTaTh l —E-‘E-——E-J .__..,.___f.j
e ——d ] e . — ——
\3 hY 4 N 5

Puc.3. Pabouee oxHO mporpammsl «/IM CH»
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B 3o0mne, o0o3HaueHHOW 1 (pUCYHOK 3), PACIOIOKEHO OCHOBHOE
MCHIO IIPOrpaMMBbl, IMO3BOJIAIONICC BBIMNTH U3 ImporpaMMbl UKW MMPOU3BECTU
nepe3amyck ALIL.

Ilynkm_menio_«Bovixo0» TO3BOJNSET 3aBepIIUTh PabOTy C Mpo-
rpaMMOM MpH 3TOM MOSIBUTCA 3allpoC Ha MOATBEP>KICHUSI BBIXOAA U3 IMpPO-
rpaMmsl. B ciydae ecnu Hy’»KHO BBIMTH cienyeT Haxarb KHONKY «OK», B
MIPOTUBHOM CiTy4ae — KHONKY «OTMeHay.

Ilynkm_menio_«llepezanyck AIIIl» no3BoNA€T NPOU3BECTU OCTa-
HOBKY M 3aITyCK IUTaTHl aHajoro-nmudposoro npeodpaszoBanus. [lepezamyck
IJIaThl HE TPEOYETCsI MPU IITATHOM PEXUME PabOThI IPOTPaMMBI, OJTHAKO B
CBSI3H C TEM, YTO padoTa IIATHl TPEOYET MOCTOSHHOTO MOIYYEeHUS TaHHBIX
MIPOTPaMMOii OT Hee, B CITydasix, KOT/Ia ONEepalliOHHAs CHCTeMa BBITTOIHSIET
mapauieIbHYI0 3a7ady (HampuMep, TpH 3amycKe APYyroil mporpaMMbl U
T.J.) MOXKET MPOUCXOTUTh PACCUHXPOHU3ANHUS MPOrpaMMmbl U 1uiathl. [lo-
CIIEICTBUSIMA TaKOH PAaCCHHXPOHU3AIUH SIBISIETCS HECOOTBETCTBUE aH-
HBIX, TIOJTy9aeMbIX C NaTIYMKOB MporpaMmoii. TakuMm oOpazoM, eciiu mpo-
rpaMMa oToOpakaeT HeaJleKBaTHBIC TAHHBIE, TO CJICIYET MPOU3BECTH Tepe-
3amyck ALIIL

B 30He 2 pasmMemnieHo mojue st rpauaeckoro oToopaxkeHus aua-
rpaMMbI 3anpeccoBku. [loa rpaduueckuM moneM pa3MenieHbl KHOMKH, 10~
3BOJISIONIME COXPAHHUTh TpadUvecKyro HHGOPMAIUIO KaK PUCYHOK, WU
JaHHBIE, TT0 KOTOPHIM MTOCTPOEH TpadyK, KaKk TEKCTOBBIHA (haiii.

B 30He 3 oTOOpakaroTcsi MTHOBEHHBIC 3HAYCHUS YCHIIHS TIPECCO-
BaHMS M MOMEHTa Ha JAMHaMoMeTpuueckoMm kimroue. [lepex mpoBeaeHmem
WCIBITAaHUH CJeyeT TOJOXHUTh KIF0Y Ha TOPU30HTAIBHYIO IMOBEPXHOCTH,
yOeMUThCA, YTO Ha CHIIOU3MEPHUTEITH HE JICUCTBYET HATPY30K, U IPOU3BECTH
0alaHCHPOBKY JTATYMKOB HaXKaTHEM KHOMKU «ballaHCUpOBaTh TaTUNKI».

B 30He 4 pacrnoyiokeHbl KHOTIKH 3aIycKa Mpoiiecca MpecCOBaHMs,
OCTaHOBKH JTOTO TIpoliecca W yAaJeHHs] COOpaHHBIX MaHHBIX («OYHUCTHTH
pe3ynbrathy). [Ipu Haxkatuu kHomku «lIpeccoBaHuey» HauuHaeTcs cOOp
JAHHBIX U TPOUCXOJUT 3aIyCK 3JEKTPOABHUraTelNlsl TOJIBKO B TOM ClIydae,
€CIIM TIOABIIKHAS OTMOpa HAXOAWTCSA B HAYAJIbHOM TIOJIOXEHHUH (TIOJTHOCTHIO
3aIBUHYTa) U TyMmOiep 15 ycTaHOBIIeH B pexuM «OkcrmepumeHT». [lpu
JIOCTH)KCHUU TIOJHOCTHIO BBIJIBUHYTOTO COCTOSIHHS OCYIIECTBISICTCS pe-
BepC JBUTATEINS, MOABIKHAS OMOpPA BO3BPAIIAETCS B UCXOIHOE COCTOSIHHE.
Knomka «OcTtaHOBKa» CIIYXUT 711 HEMEIJICHHON OCTaHOBKH JIBUTATEIIA.

62



J1ist u3MepeHusl MaKCUMaJIBHOTO KPYTSIIEro MOMEHTa, Niepe/iaBae-
MOTO COEIWHEHHEM, NpeIHa3HAuUCHBl KHOIKH, PAcIOJIOKEHHBIE B 30HE 5.
[lepen HayamoM NPHUIOKEHUS HArPY3KH CIEAyeT HaxaThb KHONKY «M3me-
PHUTBY», TIOCIIE Yero Ha4YaTh MJIABHOE HATPY)KECHHE COCTUHEHUS TUHAMOMET-
pudeckuM kitouoM. Ilocne mpoBopoTa Baia Bo BTyske Ha yros 10-30° cie-
IOyeT HakaTh KHONKY «3aBepIlIUTb». 3HAYCHHUE HAaUOOJBIIECIO KPYTSIIETO
MOMEHTa Oy/IeT OTPaXKEHO B TEKCTOBOM IIOJIE B 30HE 5.

[Ipomecc 3ampeccOBKH MOXKET OBITh OCTAHOBJICH ITyTEM Ha)KaTHS
kHOTKH «OCTaHOBKa» B IHAJOrOBOM OKHE MporpamMMmbl. B sTom ciydae
BO3BPAT MOJBIKHON OMOPHI B HAYAJIBHOE MOJIOKEHHE HEOOXOIUMO OCyIIe-
CTBUTH C TIOMOIIBI0 TyMOIepa 15.

B cnydyae ocTaHOBKM SJIEKTPOABUTATENS B MPOLECCE 3alIPECCOBKH
HEOO0XOIUMO IPOU3BECTH BO3BPAT MOJABM)KHOW OIOPHI, BHIIPECCOBATH Ball
U3 BTYJIKH, TPOU3BECTH OYUCTKY Bajla U BTYJIKH, TOCIE Yero MOBTOPHUTH
3aIpecCcoOBKY.

2.3.0npeaeeHne He00X0AUMBIX VCHJIMII 3alIPECCOBKH
M BBLINPECCOBKM COCMHEHUS C HATATOM.

geﬂb Qa60m1;l.' OKCIICPUMEHTAJIILHOC ONIPCACIICHUC yCI/IJII/Iﬁ IIpu 3armpeccoB-
K€ U BBIIIPECCOBKE COCAUMHCHUS C HATATOM, CPABHCHUC IIOJTYYUYCHHBIX pC-
3yJIbTAaTOB C pAaCYE€THBIMU 3HAYCHUSAMU.

Ilocnedosamenvrocmuv 6blNOIHEHUS pa6ombz

1. BxmounTbh KOMIBIOTEP, HOXKIATHCA 3arpy3Kd OMEpalMOHHOM CHcC-
TEMBI.

2. 3amycTuTh nporpaMMy ympasieHus creHaoM «IM CH»

3. IlpoBeputs, uyTo TymOsep BbIOOpa BHUIA YIIPABIEHUS CTOUT B IO-
JIOKEHUHU «DKCHEPUMEHT», PH HEOOXOIUMOCTHU TIEPEKIIOYHTb.

4. BKIIOYHTH BIEKTPONUTAHKE CTeHAa TyMmOnepom «lluranue cucre-
MBI YIIPaBICHHY.

5. IIpoBepuTh OTCYTCTBHE 3arps3HEHUI HA MCCIEAYEMBIX Baily, BTYJI-
K€ U TPsA3eChEMHOM KOJblIe Bajla, B Clyyae HEOOXOAMMOCTH y[a-
JUTH 3arpsi3HeHust cnupTtoM. CmaszaTh Bal W BTYJKY HEOOJIBLINM
KOJIMYECTBOM MAIIIMHHOI'O Maciia, JInbo cmaszku tuina WD-40.
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YcTaHOBUTH UCCIEAYEMBIA Bal BO BTYJKY - pucyHOk 2.2.1. Ycra-
HOBKY CJIEyET BBIMIOJIHATE «OT PyKW», HE IPUKIIAABIBAs K JeTasIM
3HAUUTENBHBIX ycuiuid. Ban cienyer BcTaBisATh PTOPOINIACTOBBIM
I'PA3eChEMHHUKOM BIIEPEA CO CTOPOHBI OOJIBILEr0 HAPYXKHOTO Ana-
MeTpa UCCIIEyEMOU BTYJIKU.

Puc. 2.2.1. YcranoBka Bana BO BTYJIKY IIEpe]l 3alIPECCOBKOM

IIpoBepuTh, 4TO MOABUAKHAS ONOpPA MPECCOBOT0 YCTPOMCTBA MOJ-
HOCTBIO 3a[BHHYTa, Ha AaT4MKe 4 HAYAIBHOTO IIOJIOKEHHUS TpHU
3TOM JIOJKEH CBETUTHCS KpacHbIN cBeToAUO. B ciayuae, ecin noa-
BI)KHAsI OMOpa HaXOJUTCS HE B HAYAJIBHOM IIOJIO)KEHUHU CIEIYyeT
MepeKTItounTh TyMOmep 15 B monmoxkeHue «OOpaTHBIA XOm», HOXK-
JaThCcd BO3BpaTa MOJBIXKHOI OIMOpPHI B HAYaIbHOE IOJOXKEHHE U
OCTaHOBKH 3JIEKTPOJIBUTATENS], IEPEKIIOYUTHh TyMOJIEp B TOJIOXKE-
HUE «DKCIIEPUMEHT.

YCcTaHOBUTH COEAMHEHWE BaJla CO BTYJIKOH Ha IMPAaBYI OMOPHYIO
Tty 20 COBMECTHB IMIMHAPHYECKHWN BBICTYH Ha oboiime 21 ¢
MPOTOYKOI B OMOPHOMH IUIMTE ¥ MOBEPHYB ONPaBKy I (pukcanun
YIIOPOM 8 - PUCYHOK 2.2.2.
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Puc.2.2.2. YcTaHoBKa BTYJIKH € BaJIOM B IIPECCOBOE YCTPOHCTBO

Y6enutscs, yTo TymOnep 15 HaxoguTca B MOJMOKEHUN «DKCIIEPH-
MeHT». B mporpamme ymnpaBieHHMs CTEHJIOM HaXaTh KHOIIKY
«IIpeccoBanue». [locae 3TOro NOMmKEH BKIIOYUTHCS 3JIEKTPOABH-
raresib MOTOP-PEIYKTOp M HauaTbcsi IPOLIECC 3alpeccoBku. Jua-
rpaMMa 3aIlpeccoBKH IPU 3TOM OyAeT OTOOpaxaTbCs Ha JKpaHe
KOMIIBIOTEPA B PEAIbHOM BPEMEHH. 3alPecCOBKa MIPOU3BOAUTCS O
cpabaThIBaHMsI AAaTYNKA KOHEYHOI'O IOJIOXKEHUS, IOCJIE Yero IOA-
BIDKHAs OIOpa BO3BpAIlaeTCsl B UCXOAHOE mojoxeHue. CoOpanHOe
COEMHEHNE TI0Ka3aHo Ha pUCYyHKe 2.2.3.

Puc. 2.2.3. CoennHeHune Bal-BTyJIKa B COOpaHHOM BHUJIE
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10. ITIpousBecTy BBIIPECCOBKY coemuHeHus. [l sToro Heobxomu-
MO JIEMOHTHPOBaTh 0001My C MpaBOW OMOPHOH IUTUTHI, IEpPeBEp-
HYTh €€ U YCTAaHOBUTH HA ILITUTY.

11. BeInosHUTE neicTBus 0o m.9.

12. Tlocne pa300pKu COETUHEHNS COXPAHUTDh TUArpaMMbl 3alpECCOBKH
Y YUCIIOBBIE JJaHHBIE B (paiii, HakaB KHOMKHA «CoXpaHUTh rpaduky»
1 «COXpaHUTH JaHHBIEY B ITPOrpaMMe.

13. 3aHecTr 3Ha4YeHWE MAaKCHMAaJbHOTO YCHJIUS 3alPECCOBKU Fiy H
BBITIPECCOBKU F'gyy M YCWIIHS B KOHIIE MTPOLIecca 3aIPECCOBKHU Fiy U
B HayYaje BBIITPECCOBKHU Fpy B Tabmuiy 2.2.1.

14. Paccuntarh TeopeTHUeCKOe 3HAYEHHE OCEBOro ycmius Fy 1o
¢dopmyiie (1). CpaBHUTH TMONYYCHHOE 3HAYCHHE C  JKCIIC-
PUMEHTAIBHO U3MEPEHHBIMU, CAENATh BHIBOIBI.

JaHHble 1151 pacuera:

JUIMHA coequHeHus L=22 mm;

MoCaouHbIN auameTp d=12 mm;

BHYTPCHHHH nuamMeTp Baya d;=0 MM;

SKBUBAJICHTHBIA HAPY KHBIH TUAMETP BTYJIKH C YIETOM JKECTKO-

cTH 000MMEI dr=32 MM;

- HOMUHAJIbHBIM HaTAT N=6+1 MKM.

Tabmuma 2.2.1
[IpoTokon ucneiTaHUM

Fiv H Fgm ,H Fi H Fey H FoH

2.4. Onpeneenne HecyIei CIOCOOHOCTH COeIMHEHMI C TAapaHTHPO-
BAHHbIM HATAI'OM IO KPUTEPUIO MPOYHOCTHU CUHCIIJICHUS.

geﬂb 2616077’%1.' OKCIIEPUMEHTAJIBHOEC OIIPCACIICHUEC KPYTAIIECTO MOMCHTA,
nepeaaBacMoro COCIWMHCHUEM, CPAaBHCHHUE IIOJIYYCHHBIX pPE3YJIBTaTOB C
pacYCTHBIMU 3HAYCHUSAMU.
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Ilocnedosamenvrocmuv 6blNOIHEHUS pa6ombz

JlaHHy10 paboTy peKOMEHAYeTCsl MPOBOJIUTH COBMECTHO ¢ JabopaTopHOU
pabotoii Ne 1. B atom ciyuae nocie cOOpkH cOeIMHEHUS HEOOXOAUMO BBI-
MIOJTHUTH CIEAYIONINE ACHCTBUS:

1.

JemoHTHpOBaTh 000HMY C TIPaBOM OMOPHOMW TUIHTHI U yCTaHOBHUTH
YCTaHOBUTH 3alIPECCOBAHHOE COETUHEHNE B 32)KMMHOE YCTPOHCTBO
9. Hns 3TOoro HeoOXOAMMO OCHaOUTh BUHTHI 10, YCTAaHOBUTH CO-
€IUHEHHE U 3aTSIHYTh BUHTHI 10.

[TomoxxnuTh TUHAMOMETPUYECKHM KIIIOY HA CTON W HaXKaTh B MPO-
rpaMMme KHOINKYy «bamaHcupoBars gatuuku». Hanets Ha Ban auHa-
MOMETPHUYECKHUI KITF0Y -pUCYHOK 2.3.1.

Puc. 2.3.1. [loaroToBKa K UCMBITAHUIO HA OTHOCUTENbHBII IPOBOPOT

3.

Haxatp B mporpamme KHONKy «/3MepuThy, mocie 4yero Hadartb
IUTABHOE HarpyeHHe COeTUHEHHS TUHAMOMETPUYECKUM KIIIOUOM.
ITocne npoBopoTa Bana BO BTyJike Ha yrou 10-30° cienyer HaxkaThb
KHONIKY «3aBepUINTH». 3HAUCHHE HaWOOJBIIEro KPYyTSIIEro MO-
MeHTa OyJIeT OTpaXKeHO B pOrpaMMe.

3amucaTh 3HAaYEHUE H3MEPEHHOTO MOMEHTa T3y B Tabmmiry 2.3.1.
[IpoBecTr pa3boOpKy COCMTUHEHNS B COOTBETCTBHU C JaOOpPaTOPHOM
pabotoii Nel.
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Puc. 2.3.2. UcnbiTanue Ha OTHOCUTENBHBIN IPOBOPOT

6. Paccumurath TeopeTnueckoe 3HaueHHEe MOMeHTa Tt o gopmye (2)
u o ¢opmyie (3) - Ty, MOACTABUB B KA9ECTBE OCEBOTO yCHIHS F)
3HaueHne Fix. CpaBHUTH MONYYEHHOE 3HAYEHHE C JKCIEPUMEH-
TaJbHO U3MEPEHHBIMHU, C/I€TaTh BBIBOIBI.

Hannble nist pacyera:

JUIMHA coeanHeHud L=22 MM;

MOCaOYHbIN quaMeTp d=12 mMm;

BHYTpEHHUI Auametp Baja d1=0 Mwm;

9KBUBAJICHTHBIM HAPY>KHBIH JHAMETP BTYJKHU C yYETOM JKECTKO-
CTH 000UMBI d)=32 MM;
- HOMUHAJIBHBIA HaTAT N=6£1 MKM.

Tabmuma 2.3.1
ITpoTOKO MCTIBITAHU I

TI/I3M Hwm TT: Hw™m TTS, Hwm
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2.4.0npenenenne kodhhuueHTa TPEHUN TeTaJIEl,
BXOJANIIUX B COCTHHEHUSI C HATATOM.

geﬂb g2a60mbz: OKCIICPUMEHTAJIIBHOEC OIPCACIICHUC KPYTAIIECTO MOMCHTA,
nepeaaBacMoro COCAMHCHUECM, CPAaBHCHHUC IIOJIYYCHHBIX PE3YyJbLTATOB C
PacYCTHBIMU 3HAYCHUSAMU.

Ilocnedosamenvrocmuv 6blNOIHEHUS pa6ombz

Jannyro paboTy cieayeT MpoBOAUTE IO PE3yIbTaTaM JIabopaTopHOI pabo-
ThI Nol wmim Ne2.
1. U3 ¢opmyn (1) wnu (2) BbIpa3uTh W paccuuTaTh 3HAUYEHHE KOH-
TaKTHOTO JIABJICHHUSA p.
2. U3 popmyisl (4) BEIpa3uTh M paccuuTaTh 3HaUeHUE KOdhdUIIeHTa
TpeHus f.
3. CpaBHUTH TOJyYCHHbIE 3HAYEHWs C W3BECTHBIMH IJIUTEPATYp-
HBIMH JaHHBIMH, CAETATh BHIBOJIBI.

JlanHble 18 pacyera:
- JUIMHA coenuHeHus L=22 MMm;
- MOCaJOYHBIN AuaMeTp d=12 mm;
- BHYTpeHHUI auametp Bajia d1=0 Mm;
- OKBHUBAJICHTHBINA HAPYXHBIN AHAMETpP BTYJIKU C YIETOM KECTKO-
CTH 000UMBI d)=32 MM;
- HOMUHAJBHEINA HATIAT N=6+1 MKM.
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Ne 7. PaciundpoBka reoMeTpu4eCKUX NapaMeTpoB 3y0-
YaThIX NepeAady W HCCIeJ0BaHHME BJIHAHHUS PeKUMOB
padoTsl npuBoaa Ha KII/I 3youaroro pexykropa

[leab paboThl - M3y4YeHHE KOHCTPYKIMH PEAYKTOPOB, OCOOEHHOCTEH HX
cOopkH U pa300OpKH, CUCTEMBI CMa3bIBaHHS, ONPEEICHIEe OCHOBHBIX Iapa-
METpOB 3yOuaThIX mNepeaad; skcrepuMeHntanbHoe ompenenenue KIIJ pe-
QYKTOpa B 3aBHCHMOCTH OT PEKUMOB pabOTHI IPUBO/IA.

Oo6mue cBeneHuss o peaykropax. KuHemarnueckme cxeMbl PeayKTO-
OB.

3ybdareie pemyKTOpHl - MEXaHH3MBI C 3yOUaTBIMH IIepefadamu,
BBINOJIHSIEMbIE B BUAE OTACIBHBIX arperaroB. PeaykTopsl ciyxat Ajs 1mo-
HIDKEHHSI 4aCTOThl BpAIllEHWS M IOBBIIICHHS BPAILAIOIIEr0 MOMEHTa OT
BXOJIHOTO K BBIXOJTHOMY Bally. B COBpEeMEHHBIX pelyKTOpax MPUMEHSIOT,
KaK IMPaBUJIO, KOCO3YyOble HWIMHAPHYECKHE W KOHUYECKHUE C KPYTOBBIMU
3yObsIMH TIepeiauu, oONafarolnye OOJbIION Hecylleld CIOCOOHOCTRIO U
IUTaBHOCTBIO PabOTHI IO CPABHEHMIO C MPAMO3YObIMH Iepenauamu. Penyk-
TOPHI BBITIOIHIIOT OAHO-, ABYX- U TPEXCTyNEHYaThIMU (pHC. 1).

[y monmydeHus BRIMIPHILIA B Macce W rabapuTax nepegadd Hepa-
LUOHAJIFHO HCIIOJIb30BaTh OOJIBIINE IEpelaTOUHbIe YHUCIA ¥ B OJHOH CTy-
rmeHn. [IpakTukoil BBIpaOOTaHBI CIIEMYIONIHE PEKOMEHIAITMN IS pe-
QYKTOPOB: OJHOCTYIEHYAThIX HuIMHApudeckux u=1,8...6,3 (1o 8) (puc.
la); xkonmueckux u 1o 4 (puc. 10); IUIMHIPHYECKUX IBYXCTYIEHUYATHIX
u=6,3...40 (mo 50) (puc. 1B).

OpHOCTyNIEHUATBIE PEAYKTOPHI Ie1eco00pa3Ho NIPUMEHSTh, HAlpH-
Mep, B Te€X cIydasx, Korga 3y0uaToe KOJeco 3aKperieHO HeoCPeICTBEHHO
Ha BpalllaloIleiics YacTu arperaTta (MexXaHu3Mbl IOBOPOTA).

[Mpu Gonpmmx mepeaatoyHbix uucnax ¥ = 31,5...180 mpumensror
TpexcTyneHdaTble peaykTopsl (puc. 11). OgHako MMeeTcss TEHACHIHS 3a-
MeHbl UX 0oJiee KOMIIAKTHBIMHU IUIAHETAPHBIMH M BOJHOBBIMH PEIYKTO-
pamu.

[Mpu HEOOXOAMMOCTH OOECIEUCHMsI B3aMMHOUM TEPIIECHAUKYISPHO-
CTH BXOJHOTO U BBIXOJHOTO BaJIOB MPHUMEHSIOT KOHUYECKHE U KOHUYECKO-
UWIHHApAYECKUE (pHC. 1T) pexyKTOpPHI.

OO61ee meperaToOYHOE YUCIIO ABYX- U MHOTOCTYIEHYATHIX PEayK-
TOPOB PacCHpeACIAIOT MEKAY CTyIeHsIMU. Macca u TabapuThl peIyKTOpOB B
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3HAYUTENFHOW CTETIeHH 3aBHCAT OT TOTO, KaK pacIpeeneHo obiee mepe-
JIATOYHOE YHUCIIO MEXIy cTyneHsmu. Jlydmime mnokasareinun UMEKT penyk-
TOPBI, Y KOTOPBIX pa3Mepbl JUAMETPOB KOJIEC BCEX CTYIEHEH OMU3KUA MEk-
Iy coboi. B aToM ciyuae Tax)ke BBITIOTHIETCS M YCIOBHE CMa3bIBaHUA T10-
Ipy’KEHUEM KOJIEC B OOIIYIO MAaCSHYIO BaHHY.

Tak kak OBICTPOXOJHAs CTYINEHb HArpy>K€Ha MEHBIIE, YeM THXO-
XOJHasl, TO IUIS TONyYEeHUSI TUAMETPOB KOJIEC, pa3Mephl KOTOPHIX OJM3KH
MEXIy co00il, IepenaToaHOe YUCI0 TepBor (OBICTPOXOIHON) CTYIIEHHU pe-
KOMEHYIOT OpatTh OoJbllle, Y4eM BTOPOH, PU OJJHOBPEMEHHOM yBEIHMUCHUN
K03 QUIIMEHTA TIUPUHBI KOJIEC OT OBICTPOXOTHOW K TUXOXOJHOM CTYTICHHU.

PexomeHnmaluu mo pacrpeneieHuo MepeaaToOuYHbIX YHUCEeNT UCXOs
H3 yCJIOBHA IMOJYYCHUA MUHHUMAaJIBLHOM MacChl 3y6anmx KOJIEC TIpu Oau-
HAKOBBIX WJIM OJIM3KHX JIOMYCKAEMBIX HANPSKEHHSIX BO BCEX CTYIEHAX IIe-
penadn 6oiree moapoOHO pacCMOTPEHBI, HampuMep, B [8, ¢. 10...13].




KWHEMATUYECKUE CXEMbI ABYXCTYNEHYATBIX
UMAWHOPUYECKUX 3YBYATBIX PEQYKTOPOB

MPOCTAR PA3BEPHYTAR PA3BEPHYTAS C PA3NBOEHHON COOCHASA
bbICTPOXOIHOW CTYMEHBID

| Zor

Puc.2

JIByXcTyneHYaThlil [UIMHAPUYECKUH 3yOUaThlii pEIyKTOp MOKET
OBITH BBIIIOJIHEH 110 Pa3BepHYTOH (puC. 2a,0) WM COOCHOM cxeme (puc. 2B).
[Ipocras pa3BepHyTast cxema (puc. 2a) Bcrpedaercs yame. OgHaKo HeCHM-
METPUYHOE PACIIOIOKEHNE KOJIEC Ha Balax MPUBOAMT K IMOBBIIIEHHON KOH-
LEHTpalud HArpy3Kd 1O JuiMHe 3y0a. s Takux peayKTopoB Tpedyercs
NPUMEHATh JKECTKHE Basbl. PeayKTOpBI, BBIMONHEHHBIE MO Pa3BEPHYTOH
cXeMe, MPUMEHSIOT, HallpUMep, B MEXaHU3Max MOoAbeMa KPaHOB.

B nensx yiydmenust paboTsl Hanbosee HarpyKeHHOH THXOXOAHOM
CTYIEHU HCTOJB3YIOT PEIYKTOpPHl C Pa3ABOCHHON OBICTPOXOIHON CTyIe-
HbIO (puc, 26). B aTom cimydae aedopmanny BajJoB HE BBI3BIBAIOT KaKOM-
00 CyIIecCTBEHHON KOHIIEHTPALMU HArpy3KH 1O JJINHE 3yObEeB BCIEACT-
BHE€ CHMMETPUYHOIO PACIOJIOKEHHUS KOJIEC OTHOCHTENBHO omop. Takue
PEOYKTOPBI IPUMEHSIOTCA 3HAUUTEIBHO PEXE, KaK MPaBUiIO, B TSHKEJIO Ha-
Ipy’KeHHBIX TIepeayax (Hampumep, B Typ003yOUaThIX arperarax).
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PemykTopbl, BEITIOTHEHHBIE TI0O COOCHOM cXeme (puc. 2B), OTIIHYa-
I0TCS T€M, YTO TEOMETPUUYECKHE OCH BXOJHOTO M BBHIXOJHOTO BajJOB COBIIA-
Jar0T. DTH peRyKTOPhI OoJiee yAOOHBI ¢ TOUKH 3peHHsI 001Iel KOMIIOHOBKU
[IPUBOZA, HampuUMep B TpaHCMUCCHIX. OHM MMEIOT YMEHBIICHHBIN rada-
PHUT 1O JUIMHE, 3yOuaThle Kojeca Ha BXOJHOM M BBIXOJHOM BaJlaX pacIo-
JIOXKEHBl CHMMETPHUYHO, OJHAKO pAacloJOXKEHHE OIOp COOCHBIX BaJlOB
BHYTPH KOpILyca NPUBOIUT K YBEIWYECHHUIO [UIMHBI IPOMEKYTOUHOIO Baja,
a CJIeTOBATENBHO, M €Tr0 Iporuoa.

Bri0op NpUHIMOHMATIBHON CXEMBI PEeILyKTOpa OIpEenessieTcs dKC-
[UTyaTalliOHHBIMH TPEOOBAaHUAMH U yCIOBUSIMH KOMIIOHOBKHU.

Ha puc. 3 npencraBieH BHEIIHUI BUJ peIyKTOpa U yKa3aHBI rada-
PHUTHBIC pa3Mephl (TpH HaHOONBLIMX pa3Mepa peayKTopa): AJHWHA /, Iupu-
Ha B u BricoTa H.

Puc.3
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Ha puc.4,5 ykazaHbl IprCOeANHUTENBHBIE pa3Mepbl K KOTOPbIM OTHOCST:
a) IMaMeTPhl U AJTHHBI BBIXOJHBIX KOHIIOB OBICTPOXOAHOTO U THXO-
XOZHOTO BaJIOB M Pa3Mepbl, ONpPEeAeIONe UX B3aUMHOE PacIo-
JOKEHHE, a TAK)KE Pa3Mepbl OTHOCHTEILHO OIMIOPHON MOBEPXHOCTH
(cm. puc.4);
0) pa3Mepbl OTBEPCTHH TOJ BHUHTHI (OONTHI) IS KpEIICHUS pe-
IYKTOpa K OCHOBAHUIO U pa3Mephl, ONPEIEISIONINe PACOOKCHUE
3THX OTBEPCTHH (CM. pUC.4) OTHOCUTENBHO BXOIHOTO U BBIXOJHOTO
BaJIOB PEAYKTOPA;
B) pa3Mepbl OMOPHOW MOBEPXHOCTH peAyKTopa (Ha puc.5 mokazaH
OTIOpHBIN (raHel peayKTopa).

KoHCTpYKIMS KOPIIYCOB PEIYKTOPOB.

Kopnyc penykropa onpeznenseT B3auMHOE pacloiOkKeHHe AeTaien
nepeaady, BOCHPUHMMACT BO3HUKAIOIIME CHIIBL, CIY)KUT IJISL 3allUTHI Jie-
Taneld OT 3arps3HeHHWs W obOecredeHus cMmasbiBaHHus. OCHOBHBIE Tpebo-
BaHUSA K KOHCTPYKIIMM KOPITyca - IPOYHOCTD U JKECTKOCTb.

Kopnyc peayktopa - OOBIYHO JMTOW YyTyHHBIH (peke CBapHOM
CTAJIbHOW WJIM JINTOW W3 JIETKUX CIUIaBOB). [l yBenmueHHs >KECTKOCTH
KOpITyca B MeCTax pacHOJIOKEHUs MOAMNIHUKOB MpeaycMaTpUBaIoOT 60-
ObIILIKY (T.€. MAaCCUBHBIE MPHUJIKBHI) U pedpa. Kak mpasuio, Kopmyc umeer
TOPU30HTAIBHBIA Pa3beM IO IUIOCKOCTH, B KOTOPOM HaXOISTCS OCH BCEX
BaJIOB (CM. puc. 6), 3TO obecrieunBaeT yaI00HYI0 COOPKY, €CITH KaXKIbIi Bajl
3apaHee coOpaH cO BCEMU HaXOAALIUMIUCS Ha HEM JeTasIMU.

Mecto yeranoess nrrndta

Puc.6
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Berpeuarorcsi KOHCTPYKIUHE PEIyKTO-
POB ¢ HEpa3beMHBIMH KOPITyCaMH, B 3TOM
ciyyae cOOpKy AeTalneil OCyLIeCTBISIOT
yepe3 OONblLINE OTBEPCTHUS, 3aKpPbIBaeMbIe
KpbIIKaMu (pu.7)

dopma smTOrO KOpmyca pe-
IOYKTOpa MOKET OBITh Pa3IUYHOM:
1) coBpemeHHas - KOpHycC
CHapy>Xd HMEeT TIJaJKue
noBepxHOCTH. [IpuiuBEL,
pebpa, dhimaHIBEI HAXONIAT-
sl BHYTPH;

Puc.7
2) TpaaWIMOHHAS - TPHWIWBEI, pedpa, (IAHIBI BHITIOTHEHBI
CHapyxHu (cM. puc. 3).

CoBpeMeHHasi KOHCTPYKIIHSI KOPITyca UMEET CIEAYIOUINE MPEUMy-
[IeCTBa MO0 CPABHEHUIO C TPAIUIIMOHHBIMU KOHCTPYKIUSIMHU:

YBEITMIUBACTCS 00BEM Macja, YTO TOBBIMIACT CTAOMIBHOCTH €T0
CBOWCTB BO BPEMCHH, CHMXKACT MHUKH TEMIICPATyp MPU KPATKOBPEMEHHBIX
reperpy3kax peayKropa;

HCKITFOYAOTCS (DJIAHIIBI - IPUYMHA OTKJIOHEHHS OT TUIOCKOCTHOCTH
MIOBEPXHOCTEN pa3beMa U TeUH Maciia Mo pa3beMy;

KECTKOCTh W BUOPOAKYCTHYECKHE CBOWCTBA KOPIIyCa IMOBBIIIAIOT-
csl;

MIPOYHOCTH JIAIl ISl yHIAAMEHTAILHBIX OOJITOB, PACIIONOKEHHBIX B
BBIEMKaX KOPITyCa, yBEIUIUBACTCS;

Hapy»XHas OYMCTKA YIIPOIIAETCS;

nedopmanmsi 00OBITIIEK, HapaBlIeHHAs B CTOPOHY Mporuba Baa,
YMEHBIIIAeT MEePEKOC KOJIEIl MOAIIUITHUKA.

JleTaJIi M V3J1bI PEAVKTOPOB

Hmxnioro 9acTh Koprmyca (OCHOBaHWE) COCHAMHSIOT C BEpXHEH
(KpBImIKO#) GOMTaMH, TIOCTABIEHHBIMH C 3a30pOM (pHUC. 8, IS peayKTopa
o cxeme puc. 4), mubo BuHTamMu (puc. 9), pexe mmnwibkamu. OUKcCAINIO
MPaBUJIBHOTO B3aUMHOTO PACIIOJOXKEHHUS YacTedl KOopIlyca OCYLIECTBISIOT
IByMsl KoHndeckumu mtudTamu (puc. 10). MHOTOa ycTaHaBIMBAIOT -
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JUHIpUYECKUE MTH(THI, HO 3TO JAaeT MEHee TOUHyIo (ukcanmio. KoHmue-
CKHe MTUQTHI, MpeAHa3HAYeHHbIC U1 YCTAHOBKH B TIyXHE OTBEPCTHA,
JOJDKHBI UMETh pe3bOoByro namndy (puc. 11) muGo BHYTpPEeHHIOIO pe3b0y
(puc. 12), ucoaB3yeMyI0 AT U3BJICUEHUS MTH(TA IPH pa3dopKe.

E—

Puc.8 Puc.9 Puc.10 Puc.11

B miockocTu cThIKa HE NOMYCKaeTCsl YCTaHABIMBAThH YIUIOTHSIO-
IIFe MPOKIAJKHU, TaK Kak aedopMarus dTHX MPOKIaI0K MPH 3aTsKKe 0071-
TOB He 00ecleYrBaeT TOYHOCTH Pa3MEpPOB OTBEPCTHI MOJ MOJIINITHHUKH.
Bontel, crsaruBatomume OOOBIIKK IS THE3[ NOIIIUIIHUKOB, CIEAYET pac-
oJIaraTh BO3MOXKHO OJIMKe K MOAIUIHUKaM. /g ycTpaHeHus Teun Macia
M3 pPeoyKTOpa 4Yepe3 CTHIK KOpIyca M KPBIIIKKA Tepel OKOHYATeIbHOM
CcOOpKOHM TIOCKOCTH pazbeMa MOKPHIBAIOT CIEHHMANBHON macToil. UToObI
pu pa30opKe OOJIETYUTh OTAENICHHE CKIEHBIINXCS KOPIYCHBIX JIeTaleH,
MIpelyCMaTPUBAIOT OTBEPCTHS MO/ OT)KUMHBIE BUHTHI. BUHTHI BBUHUHBAIOT
B OJIHY YacTh KOpITyca M yIHpaloT B Jipyryto (puc. 13).
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Puc.13

|

Puc.16

s
r 4

Puc.18 Puc.19

Puc.17
Jng moagpemMa U TPaHCTIOPTUPOBKH KOPITYCHBIX AETajed U coOpaH-

HOTO pelyKTopa Ha KOpIlyce MpeaycMaTpHUBaloT MpoymuHsl (puc. 14), ma-
35l (puc. 15), kproku (puc. 16) Wi rpy30BbIe BUHTHI (PBIM - OOJITHI).
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Kpermnenue peaykropa K IIIMTE WIH paMe OCYIIECTBISIOT BHHTAMU
WU MIIWIBKaMU ¢ railkaMi. BUHTBI pa3MeniaroT Ha NpuiInBax (CM. puc. 4)
unu B HAmax (puc. 6, 17) penykropa.

B kadecTBe omop BaJIOB PEAYKTOPOB dYallle BCErO HUCIONB3YIOT
MOAIIUITHAKY KadeHus. KpBINIKY, 3aKPBIBAIOIIUE IOAIIUITHUKY, OBIBAIOT
pUBEpTHBIE U 3aknaanbie. [IpuBepTHBIE KpbilKy (puc. 18) ymoOHee B dKc-
IUTyaTaliy, Tak Kak 00eclevnBaIOT AOCTYI K OTACIBHBIM MOIIAITHUKAM
JUTST IX OCMOTpa 0e3 pa3bopku peayKTopa. 3akiagHbie KpeImka (puc. 19)
YIPOLIAIOT KOHCTPYKIHIO U CHUKAIOT MacCy peayKTopa, Ooyee 3CTEeTUYHBL,
OJTHAKO MX MOXHO IMPUMEHSTH JIUIIb TPH HATMYUH pazbeMa Kopiryca.

[lectepHu, Kak MpaBHIIO, BHIMOIHIIOT 3a0JJHO C BajoM, a Kolieca
HACa)XMBAIOT Ha IITIOHOYHBIA y4acTOK Basla C HATsAroM. Bo3moikHa mocanka
3y04aThIX KOJeC Ha TIaJKHe Ballbl C OOJIBIINM HATSATOM, a TaKKe Ha IUTH-
neBble Banbl. COOpKY 3y04aThIX KOJIEC C BaJaMH MPOBOJSAT IOJ MPECCOM
WIN C UCTIOJIb30BaHUEM TeMIIepaTypHOro aeopMUpPOBaHUSL.

CucreMa cMa3bIBaHUA

B pemykTopax ais cMa3bIBaHUS, a TaKKe IS 3alIUTHI OT KOPPO-
3UH, OXJIAXKICHHS, OUUCTKH Iepelad MPUMEHSIOT LUPKYJISLIHOHHYIO CH-
CTeMy WJIM CMa3bIBaHHE TOTPYKEHHEM KOJIEC B MAcCIIsIHYIO BaHHY. Llupky-
JSIIMOHHAS CHCTEeMa CMa3bIBaHUS HamOoyiee COBEpLICHHA. Macio, oXiax-
JIEHHOE U MPOQWIBTPOBAHHOE, HETIPEPHIBHO MOABOAMTCS K TPYIIUMCS TIO-
BepXHOCTSIM. OOBIYHO 3TOT BUI CMa3blBaHHS MPUMEHSIOT IPU OKPYXKHBIX
CKOPOCTSIX 3yOuaThIX KoJjiec CBBImIE 12,5 M/C mnm mpu OONBIIOM TEIUIo-
BbIlesieHNH. [Ipr HEBBICOKMX OKPYXKHBIX CKOPOCTSX 3yOuaThIX Koiec (10
12,5 m/c) darre IpUMEHSFOT CMa3bIBaHHUE MOTPYKEHHUEM KOJIeC B MACTISTHYIO
BaHHY, €€ JIOCTOMHCTBA - MIPOCTOTA M OOJbINas HaleXKHOCTh. Macio 3anu-
BalOT B KOPIIyC PEAYKTOpa TaK, 4TOOBI Kojeca ObUIM B HEro MOTPYIKEHBI.
Jnst yMeHbIIeHUs] TIOTeph Ha MEpeMElIMBaHue U pa3OpbI3rMBaHuE Maca,
OBICTPOXOAHBIE KOJIECA KENATeIbHO MOTPYKaTh B MACIO HA MEHBIIYIO IIIy-
Oouny, yeM tuxoxonusle (puc. 20). OOBIYHO peKo-
MEHIYIOT MOTPYyKaTb OBICTPOXOJHBIE KOjJeca He
Ooyiee ueM Ha JIBOIMHYIO BBICOTY 3y0a, a THXOXOJ-
HbIE - HEe OoJiee 4eM Ha OJHY TpeTh pajnuyca KoJje-
ca.
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[Ipu BpameHnn Koyiec Macio yBIIEKaeTcs 3yObsSMH, pa3OpbhI3ruBa-
eTcsl, TOMNalaeT Ha BHYTPEHHUE TOBEPXHOCTU KOPITyca, OTKYZla CTEKaeT B
€ro HIKHIOIO YacTb. BHyTpu kopmyca oOpa3yercsi B3Bech 4acTHLl Macia B
BO3JlyXe, Macio IOKPHIBAET MOBEPXHOCTh BCEX PACIHOJIOKEHHBIX BHYTPHU
KOpITyca JeTaleid, Ipu 3TOM 00eclieunBaeTCs U CMa3bIBaHUE MOIIINITHIKOB
Ka4yeHUsl.

C TeyeHmeM BpeMEHH CBOICTBA Maciia yXyIIIAIOTCS, €r0 CIUBAIOT,
KOpITyC TIPOMBIBAIOT M 3aJIMBAIOT CBEXee Maciio. B kopmyce mpemycmart-
PHBAIOT JIIOK ISl 3AJIMBKM, a B HWYKHEH 4acTH - pe3b00BOE OTBEPCTHE, 3a-
KpBITOE MPOOKOH ¢ HunmuHApHYecKol (puc. 21) uiau KOHUYECKOH pe3bOoit
(puc.22). Hunuaapudeckas pe3pba He oOecnedrnBaeT INIOTHOCTh COEIHHE-
HUS, TIO3TOMY IO/ MPOOKOH JOJKHA OBITh YIUIOTHUTENBHAS MPOKIIAIKA.
[Ipn ncnonbp30BaHMM KOHUYECKOW Pe3bObl IOMONHUTEIBHOE YIUIOTHEHHE
He TpeOyeTcs.

Jlyist KOHTPOJISL 32 YPOBHEM Macja B KOPITyce PeayKTopa yCTaHaB-
JMBAIOT MacjoyKa3areib. MaciaoykasaTenu ObIBaIOT jke3/10BbIe (puc. 23), B
Buae KpaHa (puc. 24) u apyrue. Tunm macimoykasarens BRIOMPAIOT B 3aBU-
CUMOCTH OT yJ100CTBa 00CITy KHBaHUS PeIyKTOpA.

b

Puc.23 Puc.24 Puc.25
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Puc.26

Bo Bpems paGoThl peayKTOp HArpeBaeTCs, MPU STOM BO3MOIKHO
MOBBIIIICHUE JTABJICHUS BO3/yXa BHYTPU KOPIyCa, YTO MOXET MPHUBECTU K
MMPOCAYNBAHMIO Macjia Yepe3 YIDIOTHEHHUS U CTHIKH. YTOOBI He TPOUCXOIH-
70 BBIOpOca Macia, BHYTPEHHIOIO TOJIOCTh pelyKTopa AENarT cOOO0IIaro-
ieics ¢ BHEIIHEH cpeiol ¢ MOMOIIBI0 OTAYIIHH (puc. 25, 26).

OnpeneeHne 0CHOBHBIX APAMETPOB 3V0UATHIX Iepeaay PeIvVKTopa

[To yka3zaHuio mperiofaBaTeNs CTYJIEHTBI CAMOCTOSTEIBHO MPOU3-
BOJISAIT HEOOXOJIUMBIE U3MEPEHHS M PACCUUTHIBAIOT OCHOBHBIC MapaMeTphI
penykTopa.

3yOuaras mepedada XapakTepU3yeTcs CIeIyIOIIMMU OCHOBHBIMHU
rapaMeTpaMu:

Oy - MEXKOCEBOE PACCTOSHHIE, MM;

b - mupuHa MECTEPHH, MM;

b, - mMpuHa KoJeca, MM;

Z - 4nCIo 3yObeB MIECTEPHH;

Z, - 9ACT0 3y0heB KoJjeca;

My - MOAYJIb HOPMAJIbHBIA, MM;

- yroJi HakJIoHa 3yOheB KOCO3y0OoH nepenadu, rpaj.

Hcnonp3ys OCHOBHBIC MapaMeTphl, MONydYaloT MEePelaTOYHOe YUC-
J0:
CTYIICHU

u=2z/z1;
peaykropa
5

T/Ie Ur | Up - IIEPEeJATOYHbIE YKCIa TUXOXOJHOW W OBICTPOXOMHOU CTyIIe-
HEW;
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KO3 GUIIMEHT OTHOCUTEIHHON IIUPHUHBI KONIEC Wo=by/ ity
MOJIYJIb TOPIOBBIN my=2" 4/ (Z1+7,)

MOJTyJIb HOPMAIIbHBIHA My, — ;" cosf

OO0bIYHO B KOCO3yOBIX Mepeayax yroi HakiIoHa 3yobeB f = §..,15°,

cos B & 0,99...0,97. 3a HOpMaTBHBIH MOIYJIb B pacCMaTPUBAEMOM 3allell-
JICHUU MOXHO TPUHHMAaTh MOAYJb TOPLOBBIA, OKPYTJICHHBIH B MEHBLIYIO
CTOPOHY 10 ONM>KaHILero CTaHJapTHOTO 3HAYCHUSI.

Hopwmanbuple Momynu 3y6uateix kosec my, (MM) mo I'OCT 9563-
80%*:

lpag 1.5 2 2,5 3 4 5 6 8 10
2 psan 1,75 2.25 2,75 3,5 45 55 7 9

VYron HakoHa 3yObeB = arccos (my, / my ).

IHopsaaoK BLIMOJHEHUS PAOOTHI

1. Tlo MCETOAUYCCKUM YKa3aHUAM U IUIaKaTaM U3Y4YUTb KUHEMATHU-
YEeCKHE CXEMBbI 3y0UaThIX PEIyKTOPOB.

2. BemomauTs 1. 1. 2, 3 mpoTokoia J1adopaTopHOTO XypHAana. M3o-
OpasuTh KMHEMaTHYECKYIO CXeMy PEAYyKTOpa, YKa3aHHOTO Mperno-
nasaresneM. Ha cxeme 0003HaYUTh YacTOTHI BpalEHHUs! BaJIOB, YHC-
71a 3y0ObeB KOJIEC, BPALIAIOLINE MOMEHTHI, MEKOCEBBIE PACCTOSIHUS.

3. Pa3zoOpare pemykTop, H3y4WTh KOHCTPYKIMIO W CHUCTEMY CMa-
3bIBaHMA. BBIMOTHUTE 3CKM3bI OCHOBHBIX Y3JIOB M ACTalEH IO Il
4,5,6,7, 8,9 nporokona.

4. llpoBectn HEOOXOAMMBIE U3MEPEHHS W BBIIIOIHHUTH PAcyeThl IO II.

10 mpoToKona.

CobpaTth peayKTop.

6. OTBeTUTHh Ha KOHTPOJBHBIE BOIIPOCHI B OJTAHKE MTPOTOKOJIA.

hd
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KoHTpoJIbHBIE _BONPOCHI

—_—

Uro Ha3BIBAIOT 3y0UATHIM PEIYKTOPOM?

2. Tloyemy mns 3yOuaroil mepenayu peKOMEHIYIOT MPUMEHSTh JKeCT-
KHe Basbl?

3. Kaxume TpeOoBaHHMA TPEOBSBIAIOT K KOHCTPYKIIMH KOpIyca pe-
IykTopa?

4. KaxoBo Ha3Hau€HHE CMA30YHOTO MaTepuaia B peaykrope?

[Mouemy pa3zbem peaykTopa HE YIUIOTHSIOT YIPYTHMH MPOKIIAJKa-

MHu?

6. C kaxoif IeNpI0 MECTEPHIO AETAI0T IIHpe Kojeca?

b

Ne8. UccienoBanue KOHCTPYKLIHUH BOJIHOBBIX, IVIaHe-
TAPHBIX PeIYKTOPOB M BAPHATOPOB
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[{ejb padoThl — 3HAKOMCTBO C KOHCTPYKIIMSIMU BOJTHOBBIX M TUIAHETAPHBIX
repeaay, CpaBHUTENbHAS OIICHKA WX Harpy304HON CIIOCOOHOCTH; DKCIEpPH-
MEHTAIILHOE OMpEe/eNIeHNe Arana3oHa PeryJIupoBaHHs IETTHOTO, TOPOBOTO
Y MHOTOJMICKOBOTO BapHaTOPOB.

1. lIpunnun padoThl M KHHEMATHKA Nepeaadd BOJHOBOM 3V0-
yartoii nepexauu (B3II)

Ilepenaua (puc. 1) cocrout u3 remeparopa BojH 1, rudkoro xojieca
2 ¢ BHEITHUMH 3YOBSIMH z; U JKECTKOTO KoJyieca 3 ¢ BHYTPEHHHUMH 3yObsSIMHU
z, . KOHCTpYKTHBHOE HCIONHEHHE TMOKHMX KOJIeC U reHepaTopa BOJH MO-
KT OBITh pa3nuyHbIM [1]

A

= A-A

=

o_\—|

3]

6 =
b

972

= &1

(.JJI\JE}_

]

Puc.1

Kpyrioe rubxoe xomeco HafeBaloT Ha T€HEPATOP BOJH, MPHUIAI0-
Ml eMy OBaJIbHYIO (pOpMy, U BBOJST B 3alleINICHHE C KECTKUM 3y0UaThiM
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kosiecoM. Ha puc. 2 moka3zaHsl AETUTENbHBIE OKPYKHOCTH THOKOTO, KO-
neca dy (mo medopmaium) U KECTKOro Kojeca ds U ynpyras JUHHS THOKO-
ro xoneca W(p) mocne aedopmanuu. [To 6ompmIoif ocu oBaa AB (ne-
dhopmarus W,.x) 3y0bsi THOKOTO KOJIeca MOTHOCTHIO IMOTPYIKAIOTCS BO BIIa-
IUHBI JKECTKOTO, 0 Manoil (nedopmanus Wi,,) BEpPIIUHBI 3yObEB KOJEC
CTOSIT OJAWH TPOTHUB JPYroro, He 3ameruiisick. OOIee Yncio KOHTaKTH-
pyromux nap 3yoseB moxomut 10 40% oT umcia 3yObeB TMOKOro KoJieca
(puc. 1).

[Ipu Bpamenuu reHepaTopa 1mo ruOKOMy KoJieCcy OEKUT BOJHA Je-
(hopMaruu ¢ 4aCTOTOM BpalleHus TeHeparopa (puc. 2). 3a 4ueTBepTh 000po-
Ta reHepaTopa JUIs JBYXBOJHOBOW Tepeaayd 3y0 THOKOro Kolieca, HaXo-
JTUBIIAKCS B BEPIIMHE BOJHBI W TMOIHOCTHIO TOTPY>KEHHBIH BO BIAJHHY
XKecTKoro kxojeca (puc. 1, mojoxenue 6), OKaKeTCS B MUHIMYME BOJIHBI
neopManys U BBIMAET W3 3alETUICHHUs C )KECTKUM KOJECOM, 3aHSB T0JIO-
xenne 0 - "3y0 mpoTus 3y0a'.

3a geTBepTh 000pOTa reHepaTopa TuOKoe KOJIeCO MOBEPHYIIOCH OT-
HOCHUTENIBHO JKECTKOTO TOJBKO Ha IOJIOBHHY OKpPY)KHOTO AETHTEIBHOTO
mara P/2. Ilpu momHoM 000poTe TeHepaTopa 3TOT MOBOPOT OyAeT paBeH
2P, 9TO COOTBETCTBYET Pa3HOCTH YHUCEI 3yOhEB KECTKOTO M THOKOTO KOJIEC
(Z»-Z,) P. Tlonuelit 060poT THOKOTO KoJieca npousounaet yepes Z,/(Z,-Zy)
000pOTOB TeHepaTopa BOJIH; HAIpPaBICHUs BpaIICHUs TMOKOro Kojeca U
reHepaTopa MPOTHUBOIIOIOKHEI.

CrnenoBatenbHO, MEpeIaTOYHOE OTHOIICHHE OJHOCTYIIEHYATOrO
BOJIHOBOTO 3y0UaToro pelyKTopa MpU OCTaHOBICHHOM HETOABHKHOM >Ke-

CTKOM KoOJece
Z/
U=--1 1
(Zz _Zl) M

* v 3

) JIByXBOJTHOBOII HAa3BIBACTCA TEPeaua, y KOTOPOil THOKOE KOJIeco
ne(OpMHUPOBAHO OBaJbHBIM T€HEPATOPOM BOJH TaK, YTO 3a OJUH O0OPOT
reHepaTopa B rHOKOM KoJlece IBaXIbl BOSHUKAET jae]opmanusi.
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Puc.2

VYMHOXHUM YHCIUTEIb W 3HAMCHATEIb r[paBoﬁ JaCTHU NOPCAbIAYLICTO
BBIPpAXXCHHUA HA MOAYJIb m. Torz[a

U Zl.m _ d] __ d1 (2)
(z,-2,)m d,~d, 2w

max

Takum 00pa3oM, MepeaaToyHoe OTHOLICHHWE BOJIHOBOH 3y0Ouaroil me-
penayu onpeeNnseTcss OTHOIMIEHHEM JEUTENBHOTO TUaMeTpa THOKOTo KO-
Jeca K €ro yABOCHHOW pamuanbHOW nedopmaruu. 3Hak "MuHYC" IIO-
Ka3bIBAET, YTO BpallleHHe BEAYIIETO U BEAOMOTO 3JIEMEHTOB MIPOUCXOANT B
pa3Hble CTOPOHBI.

C yBenmueHueM paauanbHON nedopMari Ipyu OJHOM H TOM JKe
IUaMeTpe THOKOro Koieca d; - pacTyT HamnpshKeHHs n3ruba B Kojece, U
MIOHMKAETCSI €T0 yCTAIOCTHAS TPOYHOCTh. [103TOMY HIKHUH TIpeaen mnepe-
natounbix otHomeHud B3Il cocraBmser 60....80, 4yTO COOTBETCTBYET
Wiax=1/100d,. Bepxuuii mpemen mepeqaTOYHBIX OTHONICHWH TpPH 3alaH-
HOM JIuaMeTpe THOKOro Kojeca OrpaHudeH
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BO3MOYKHOCTBIO Hape3aHusl 3yOheB MeKoro Moayis m>0,15 MM 1 00BIYHO
cocranisiet He 6osiee 300 B 0JTHOM CTyTEeHU (Mape 3y0uaThIX KOJec).

OcHoBHble noctoumHcTBa B3Il - BeICOKas Harpy3ouyHas cHoco0-
HOCTh M KHHEMAaTH4YeCKasi TOUHOCTh 3@ CUeT OOJIBIIOro Yucia nap 3yObeB B
OJTHOBPEMEHHOM 3alleTNIEHUH U OO0JIbIIOE MepeaTOuHOe OTHOIIEHHE B O
HOM CTyTIEHH.

Homnyckaemblil Bpamatoniuii momeHT B3I 3aBucuT OT mepenarou-
HOTO OTHOIICHHS:
pu U<100 - oH TUMUTHPOBAH YCTaJIOCTHOM MPOYHOCTHIO TMOKOT0 KoJeca,
npu U>100 - 1oaroBe4HOCTHIO MOJIIMIIHUKOB TeHepaTtopa BoJH. Pacuer
B3II moxHO HaiiTu B [2] .

MHoronapHOCTh 3alleNJIeHus OINpeAessieT BBICOKYIO Meperpys3od-
Hy10 ciocooHocts B3I1. KpaTkoBpeMeHHO MOXKHO JOMYCKaTh TPeX-, MATH-
KpaTHble neperpy3ku. [Ipy yBennyeHun Bpamaomero MOMeHTa CBepX HO-
MUHAJIBHOTO MPOUCXOAUT MCKaXXeHHe (OpMBI THOKOTO Kojeca W MaJleHue
KIIJ] mepenaum, Tak Kak pacTyT MOTEPU B reHeparope BOJH. MckakeHue
(hopMBI THOKOTO KOJIeca TeM MEHBIIE, YeM OOJIbIIe TIOMA L €T0 OIMPAHUS
Ha TeHEepaTop BOIH

KoHcTpYyKIHSA TrHOKHX KOJeC M FeHepaTOpPOB BOJIH

OCHOBHbBIE THIIBI H COOTHOIIICHUS pPa3MEPOB TMOKUX KOJIEC U T'eHe-
paToOpoB BOJIH AaHbI B aTiace [1].

s mepenad, B KOTOPBIX THO(MT HE OMYCTHM, PUMEHSFOT THOKHE
Kojeca ¢ JHOM Wi ¢uranneM. YToObl yMEHBIINTh HAMPSDKEHUS B THOKOM
KoJiece TpH AedopMalud, TONMUHY AuadparMbl, COSTUHSIONEH 000I0UKy
C XECTKHM JHOM Wid (raHiieMm, OepyT TaKo# ke, KaK TOJIIHMHA TJIAIKOW
gacTH 000JIOYKH; JuInHA 000I09KH B 3TOM ciydae L = (0,5... ... 0,8)d,. Ilpu
HEOOXOJMMOCTH COKPAIICHUS OCEBBIX rabapHTOB MPUMEHSIOT MUIMIIEBOE
COeIMHEHHE THOKOT0 KoJieca ¢ TUXOXOIHBIM BajioM. B atom cinyuae L =
(0,3...0,8) d,. lllnuuel, kak MpaBUIIO, BBIMOJHIIOT TEM K€ HHCTPYMEHTOM,
YTO ¥ OCHOBHOH 3y0O4aThIil BEHEII - 3TO yIPOIIaeT TEXHOJOTHIO U3rOTOBJIE-
Hus. B npenensHOM citydae THOKOE KOJIECO MOXKET OBbITh BBIIIOJHEHO B BU-
JIe KOJIbLIa C IIUPHUHOW, PaBHOW IMPHHE 3y04aTOro BEHIA, ¥ TOPIIEBHIMHU
[UTATIAMH.

I'uOkue KojIeca U3roTaBIMBAIOT U3 XOJOAHOTIHYTBHIX TPYO HIIH I1O-
koBok. [locime TepMooOpabOTKM 3aroToBKM  (yJdydlleHHE, TBEpAOCTbH
32..35
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HRC) pacraunBaroT BHyTpeHHUII TuamMeTp o reHepaTop BojiH. [1o aTomy
JMaMeTpy 3aroTOBKY TMOKOro Kojeca HaJeBalOT Ha MAacCHUBHYIO OIPABKY,
00ecTeurBaloNIyI0 )KECTKOCTh TOHKOCTEHHOH KOHCTPYKIHMH Hpu 00pabot-
K€ Hapy>KHOH IMOBEPXHOCTH U HApE3aHUU 3yObeB.

KyJjaukoBblii reHepaTop BoJH. COCTOUT U3 OBAJILHOTO KyJauKa,
BBITIOJITHEHHOTO IO pacCUHUTaHHOW (opMme AehopManuu THOKOTO Kojeca
W(p) n cnenuaabHOrO THOKOTO TOIIAMHUKA [2] C TOHKUMHU KOIBIIAMHU,
YTOOBI 00ECTIEYUTH BO3MOYKHOCTH €TI0 Ae(pOPMHUPOBAHHUS.

Hapy»Hoe KOJbIIO NOIIIUITHUKA JePOPMHUPYETCS IEPUOANUECKU U
paboTaeT Ha 3HAKONIEPEMEHHBIH W3TH0; BHyTpEeHHEE - NeOpPMUPYETCS OJI-
HOKPATHO TIPH 3aIPECCOBKE MOANIUITHAKA Ha KyJIa4OK.

B3Il ¢ TakuM reHEpaTopoM MMEET HAWMEHBINEE YHUCIIO NETaJICH,
o0amaeT HauOOJBIICH HArpy30YHOW CIIOCOOHOCTBHIO, TaK KaK pPa3Mephl
MTOIIUITHAKA MaKCHMaJIbHO BO3MOXKHBIE I THOKOE KOJIECO OIepTO Ha TeHe-
paTop 1o BCEMY ITEPUMETPY.

JucKoBbIii reHepaTop BoJaH. COCTOUT U3 IKCLEHTPUKOBOIO Bajia
1 ABYyX IucKoB. Kaxaplil IuCK pacmono)keH Ha OBYX MOALIMIIHMKax. Pas-
MEphI AUCKOB M HKCIECHTPUCUTETA ¢ 00eCIIeYnBalOT pacyeTHyo hopMy Jie-
dhopmarmu rubkoro koneca W(@), onmuparonierocs Ha TeHEpaTop Mo JyTe B
60...80" B kax10it BoTHE AedopMariy. B CHIOBBIX Mepenauax MexIy rio-
KHUM KoJiecoM M ponukamu ctassT TBepaoe (HRC>40) noaknagnoe xomnbLo,
YTOOBI M30€KATh «PACKATKI.

JIUCKOBBII TEHEPATOP COAECPKUT MHOTO JETAJIEH, HO UX MOYKHO U3-
TOTOBUTH Ha TOKApHOM cTaHke. OH MaJOMHEPLUUOHEH, TaK KaK AWCKU Bpa-
AlOTCsA C Majoi dYactoroil. (OOiamaeT CpaBHUTEIHLHO BBICOKOW Ha-
TPY309HOH CITOCOOHOCTBIO.

YeTblpeXpoJaUKOBBIi reHepaTop BoJaH. COCTOUT 13 BOAUJIA U 3a-
KPCIJICHHBIX B HEM Ha OCAX YCTBIPEX POJIMKOB. Ka>1<z[51171 POJIUK CUOWUT Ha
ABYX IOAUIUITHUKAX.

VYcraHOBKa mapbl pojMKOB NoJ yrioM 23=60° obecrnieunBaeT pac-
YETHYIO ABYXBOJIHOBYIO opMy AedopManuu ruokoro koneca W(p). Uers-
PEXPOJUKOBBIN TeHepaTop HauboJiee MPOCT B M3TOTOBJICHUM, HO Tiepeaada
C TaKUM TeHEepaTopoM 00JalaeT MaJIoil Harpy304HOH CHOCOOHOCTEIO, TaK
KaK THOKOE KOJIECO OMHpaeTcs Ha TeHepaTop TOJNBKO B YETHIPEX TOYKAaX.
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Pa3MepBI IMOAIIMITHUKOB B POJIMKAX OrpaHUYCHBI, a YaCTOTa BpalllCHUA
BBIIIC YaCTOTHI BpAllICHUA GLICTPOXOI[HOFO Bajia.

2. IlnanerapHble nepeiavyu

HJ'IaHCTapHLIM Ha3bIBACTCA MCXAaHU3M, COCTOSIH_[I/IIZ nus3 SY6'-IaTLIX
KOJIEC, B KOTOPOM I'€OMETpHUYECKAsA OChb XOTsA ObI OJHOI'o U3 KOJEC IIoAd-
BH)KHA.

Ilnanemapnoie nepedauu no cpasHeHur) ¢ OOLIYHBIMU VMEIOT
MIPEeNMYIIECTBA: MEHbBIINE TadapuThl U MacCy, TaKk KaK BpaIIalomuil Mo-
MEHT INepefaeTcss MO HeCKOJbKMM IOTOKaM (careiuiuTam). B HeKoTophIx
cXeMax MOXHO IOJIyYUTh OOJbILIME MEepeAaTOYHbIE OTHOIICHUS NpU Ma-
JIOM KoJm4decTBe Koiec. Hy)kHO MOMHHTB, YTO C YBEIHYEHHEM Iepesa-
TOYHOTrO yncia B oaHoi nepenade KI1/] manaer.

K HemoctaTkam mepenad MOKHO OTHECTH: TPeOOBaHHE IOBBIIICH-
HOM TOYHOCTH M3TOTOBJIIEHUS, OOJBIIOE KOJMYECTBO MOAMINITHIKOB —Kade-
HUS, HEOOXOIUM JTONOSIK ISl Hape3aHusI KOJeC C BHYTPEHHUMH 3yObsSMHU
(monbsk MeHsIeT mapaMeTphl PU IePETOUKaX).

IIpocTas nnanetapHas nepepada (puc.3) BkiarouaeT: "a ” (zy), "b”
(Zv) - LEHTpAJIbHBIE KOJIECA C BHEIIHMMHU M BHYTPEHHUMH 3yObsMu, "g" (z,)
- CaTeJUIUTHI C BHEIIHUMH 3yObsSIMH, KOTOPBIE 3alCTUISIFOTCS  OJHOBPEMEH-
HO ¢ "a”" u "b" (z -uucna 3yObeB KOJIEC, Ny-YUCIIO0 CATEJUIUTOB, 3[ECh Ny =
3), "h"- Boamii0, HA KOTOPOM PACITOJIOKEHBI OCH CATEJUTUTOB (31€Ch BOIH-
JI0 COETMHEHO C TUXOXOIHBIM BAJIOM).

[IpuaTun paboTHI: pH 3akperieHHoM kojece "b” (@, = 0) Bpa-
merne xoineca "a” (@,) BBI3BIBAET BpallleHHE caTeluInTa "g” OTHOCHUTEIBHO
COOCTBEHHOI OCH CO CKOPOCTBIO @,. Kauenue catemnura no "b” nepeme-
IIaeT €ro OCh M BPAIIAeT BOJUIIO CO CKOPOCTBIO (.

Cartennut coBepiaeT BpalleHHe OTHOCHTEIHHO BOIWIA CO CKOPO-
CTBIO a)hg = @, - @, U BMECTe C BOAMWIOM (IIEpEHOCHOE ABMKEHHE). Ero
IBVOKCHUS HAIIOMUHAIOT JIBUKEHHS TUIAHET, IO3TOMY Iepeqada Ha3bIBaeT-
s MJIAHETapHOM.
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Puc. 3

OCHOBHBIMH 3BEHBSIMU TJIAHETAPHOH Tepeaul Ha3bIBAIOT TAKKE,
KOTOpBIE BOCITPHHUMAIOT BHEITHHE MOMEHTHI. Ha puc. 3 ocCHOBHBIE 3BEHBS
—"a", "b", "h", T.e. nBa meHTpanbHBIX koieca (2K) u Bommmo (h). Cokpa-
meHHo 00o3HadaroT 2K-h. BHenmmaue Mmomentsl 7, - Ha BeayIem Baie, 1 -
Ha BeJIOMOM (TUXOXOJIHOM) Baiie, T, - Ha KoJiece z, (Ha KopIyce).

JIto00oe 0CHOBHOE 3BEHO IIJIAHETAPHOM Mepeaadyn MOXKET OBITh  OC-
TaHOBJICHO.

JAuddepeHunaibHoil HA3pIBAOT NIEpeAady, B KOTOPOU BCE OCHOB-
HBIE 3BE€HBS MOABIXKHBL. [Ipy 37TOM MOXXHO CYMMHUPOBAaTh JBHKCHUE JBYX
3BEHBhEB HA OJJHOM HIIM PacKJIaJbIBaTh JBM)KEHHE OJHOTO 3BeHa Ha 2 oc-
TaJIbHBIX.

HauboJ1ee pacnpocTpaHeHHbIE CXEeMBI Iepeaay.

Haubonee pacmpoctpaneHHble cxeMbl puBeneHbl Hibke. OHU 00-
nagaroT win BbicokuM KIIJ wim GoipmMMM mepena TOYHBIMH OTHOILE-
HUSIMU B OJJTHOHM miepeaaye.

Cxema 1 (puc. 3) - ogHoctynenyaras nepenada (2K-h - nBa nen-
TpaJbHBIX KOJeca U BOAMJIO), Hanbosee paclpocTpaHeHa, TaK KaK  HUMeeT
Beicokuii KIIJ[ n TexHomormuHyro KoHCTpykumto. Hanbomnpmee mepena-
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TOYHOE OTHOIIICHUE OJTHOUW CTYIICHU ubah =9..12 mna z,=12...24 (cMm. ycio-
BHE cocencTBa). JlJIa mepemaToYHBIX OTHOIICHUN U > 16 COemMUHSIOT IIO-
CJIeoBaTeIbHO JBE WM Ooibinie mepemad. Torma obiee mepeaaToyHoe
OTHOUICHUE PEAYKTOpa PAaBHO MPOU3BEICHUIO MOCIEIOBATENBHO COCAU-
HEHHBIX

Up= UIU)... Un, 3)

TIe U, - IepeAaToyHoe OTHoUIeHHe penykropa. Ilocne pacmpene-
JIEHWsA TEePeAaTOYHOr0 OTHOIIEHHUS MEXAY CTYNEHSMH KaXKAYyI0 CTYIECHb
PaccYUTHIBAIOT OTAEIBHO.

Cxema 2 (2K-h, puc. 4). NUmeer Boicokuit KII/I, cpaBHUMBIH cO
cxemMoii 1, HO Oosee ClOKHA MO KOHCTPYKUIWHU BoAwia. OnTHUManbHbIE
nepenaTo4ynsle otHomeHus u = 9...17. Ilpu 3TOM Macca pexykTopa MEHbIIE
IBYXCTYIIEHYATOI o 10 cxeme 1.

3 4
, N/
- F H

I F

Y N I I I

Puc.4

Cxema 3 (3K — puc.5) - oCHOBHBIE 3BEHbS - TPU LIEHTPATIBHBIX KO-
neca (a, b, e). Bogumo (h) ciry>kut Tonbpko Ui TOJAEpKaHUS OCel caTell-
autoB. KIIJI aToil mepenaun HECKOJIBKO HUXKE, YEM Y MHOTOCTYIEHYATON
mo cxeme 1 mpu ogmHakoBbIX # = 30...100, HO 3aTO OHAa WMEET MEHbIIEe
KOJIMYECTBO 3yOUaThIX KOJIEC U MOIIUITHUKOB CATEILTUTOB.
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3. Bapuatopsl

BapuaTops! obecrieunBaroT GeccTyneH4aToe B HEKOTOPOM JiHara-
30HE M3MEHEHHE YaCTOTHI BPAILICHUS BEOMOTO Basa.

KunemaTtndeckue cxembl HEKOTOPBIX THIIOB BapHaTOPOB Ipel-
CTaBJICHBI Ha puC. 7.

[lepenaTouHoe oTHOIIEHHE BapuaTopa Npu (UKCHPOBAHHOM IIO-
JIOKCHUHU TCJI KAYCHUS

U=—="t=_"2 _ (4)

I @, @, - yIJIOBble CKOPOCTH BEAYILIETO H BEIOMOIO BAJIOB; 7y, My - CO-
OTBETCTBEHHO, YaCTOTHI BPAIIEHHS; R, R, - paJnyChl KOHTAKTa BEAYIIETO 5
BeZoMOro pabouero snementa; & - kodp¢ouuueHT ckonmxeHus &=(0,005.
,-0,05).
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Puc. 7. KunemaTnueckue cxeMbl BapuaTopoB: a — J000BOro; O — MHOTO-
JHUCKOBOTO; B, T — C Pa3ABWXKHBIMHM KOHYCHBIMH IIKMBAMH U IPOMEXYTOY-
HBIM pabOYUM TEJIOM; J — TOPOBOTO.

B 3aBuCHMOCTH OT MOJOXKEHUS padOYUX DIEMEHTOB Pa3IMYaIoOT
HauOOJBIINE U HANMEHBIIINE [IePEAATOYHbIE OTHOIIICHHUS BapHaTopa:

nl RZmaX
Umax = = ’
anin lein (1 - g)
U = o R in ®)

" n2 min RZ max (1 - E.}) -
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BaxxHelnell KHHEMaTHYECKOM XapakTEpUCTUKOW BapuaTopa sBJIs-
€TCsl JUala30H PEryJIupoBaHKs BapuaTopa:

ﬂ — n2 max
’ (6)
n2 min
TTI€ Mmax, Homin -MAaKCHMaJbHasi B MUHMMaJIbHasl YaCTOTAa BpallleHUs
BEJJOMOTO BaJa.

JuanazoH peryjaupoBaHMsl MOXHO ONPEAEIUTh TAKKE C MOMOIIBIO
MepeJaTOYHbIX OTHOUICHWH WM pPaanycoB R, R, KoHTakTa pabounmx
3JIEMEHTOB.

B Bapmatopax (puc. 7a u 70) pagmyc KOHTaKTa OJHOTO U3 pabodnx
3JIEMEHTOB OCTAETCS IOCTOSHHBIM, B 3TOM CITydae

JUISL CXeMBI 7a
U RZ max

ﬂ — max __
U i RZ min (7)

JUISL CXEMBI 70

U Rl max

ﬂ } U i } lein (8)

B Bapuaropax (puc. 78, I, 1) IIpU PETYIUPOBAHUN CKOPOCTH H3MeE-
HSIOTCS PaJUyChl KOHTaKTa 000uX pabodnx Teil, MO3TOMY
ﬂ — Umax — Rl max 'RZ max (9)

U i Rl min R

min

2 min
B sTux Bapmaropax Beaymye M BEAOMEIEC pa0odne Tella BBITIONHS-
F0T 00BIYHO UACHTUYHBIMU ( R1=R,=R ) ¥ mo3TOMY

Ry,
A (10)

= 2
Rmin

JluamasoH peryJiupoBaHUs BapUaTOPOB C HEMOCPEACTBEHHBIM KOH-
TakToM pabouunx Ten (puc. 7,0) 00b4HO paBeH 2,5...3 (penko 4). B Bapua-
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TOpax C MPOMEXYTOUYHBIM 3B€HOM (pHUC. 7B, T, I) AUANa30H PETYIUPOBAHUI
4... 8 u 6onee.

KoHCcTpYKIIMSA VYEOHBIX 00pA3I0B BapHATOPOB

Bapuatop ¢ mMpokMM KJIUHOBBIM peMHeM. Bapuatop BbINOJI-
HEH B OTJEILHOM KOPITyCE.

PerynupoBanue 4acTOTbl BpalleHUs] TOCTUTAETCS Pa3IBUKCHUEM
1 cONMMKeHneM KOHYCHBIX MIKHBOB. OIIMH MIKMB Ha Bay KECTKO 3aKpel-
JIeH, a BTOPOM MOJKET MepeMenaThCsl B OCeBOM HamparieHud. [llkuB Ha
BEyILIEM BaJly IIOJKUMAETCS IIPYKUHOM B 0ceBOM HarpasieHuu. [1Ikus Ha
BEIOMOM Bally MepeMellaeTcsl NPUHYAUTEIbHO Yepe3 BUHTOBYIO Mapy U
CUCTEMY PhIUaroB.

Ilennoii Bapuatop. llenHol BapmaTtop mMeeT kenoOdaTeie KOHY-
CHI (3BE3/I0OYKH) W IIETh C BBIIBIKHBIMHU IUTacTHHaMu. Bparmarommii mo-
MEHT BapHaTopbl 3TOT0 THUIMA MEPENAIOT 3alleIUIEHHEM IIIaCTUH LEenel c
3yObsiMH 3Be3mo4eK. [lmacTHHBI CMOHTHPOBAHBI B CHENHMAIbHONH 000iMe
ey ¢ JICTKO INEPpEMCHIAOTCA B IMONCPEYHOM HAIIpaBJIICHUU. 3BC3]10'—IKI/I
MOCAKCHbI Ha KaXXJIOM BaJly TaK, YTO INPOTHUB BBICTYIIA OI[HOﬁ 3BC3J04YKH
HaxoIuTcs BHaguHa apyroil. [Ipu paboTte BapuaTopa yacTh IJIACTUH MaKe-
Ta BBITAJIKUBACTCA 3y6OM 1 BXOIST BO BITaAHUHBI HpOTHBOHOJIO)KHOﬁ 3BE3-
JOYKH.

YacroTy BpalleHHs BBIXOJHOIO (BEAOMOr0) Baja OCYILIECTBISIOT
BUHTOBOU Mepeaadei, CoCTosIIEH U3 BUHTA U Pa3MEILICHHBIX HA HEM JBYX
raeK c MpaBoi U JIeBOH pe3p0oii. [Ipu BpameHun BUHTA TaiKH CONMMKAIOTCS
WM yAAJISAI0TCS OAHA OT APYrol. DTH raiika cBs3aHbl ¢ peluaramu. [Ipu
BpallleHUH BUHTA OJHHU KOHIIBI PHIYaroB CONIKAIOT 3BE3/I0YKH, a MPOTH-
BOIIOJIOXKHBIE - Pa3BUTAIOT.

TopoBblii_BapuaTop. OCHOBHBIE [E€TalM BapuaTopa - JBa COOCHO
Pacroj0XKeHHbIE Bala, Ha KOTOPBIX 3aKPEIJIEHbl YalllKH, PEICTaBIISIOINe
c000if YaCTh MOBEPXHOCTH KPYTOBOT'O TOPA, M JIBAa POJHMKA. Yalku BBITON-
HSIIOT U3 CTaNIH, pabouyIo MOBEPXHOCTh UX 3aKaJHBalOT U IUTH(DYIOT. Pabo-
YYI0 YacTh POJMKOB HM3rOTaBIMBAIOT M3 TEKCTONNTA WK cTanu. Ocu ponu-
KOB 3aKpEIUICHbI Ha IJIABAKOIIEH paMe, IpeJHAa3HAYEHHOU Uil BbIpaBHUBA-
HUS Harpy30K Ha POJIHKE.

YacToTy BpallleHHs BBIXOJHOIO Bajla PETyJHPYIOT MaxOBHKOM, HA
OoCcH KOTOpPOTO MMeeTcs 3y0daToe Kojeco, cueruieHHoe ¢ peiikoi. [locmen-
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HSIS TPUKPEIUIEHA K MON3YHY, KOTOPBIA MOXET IepeMeIaThes o Harpas-
nstommedt ttanke. C MOJM3YHOM CBSI3aHBI PBIYArd, 3aKpeIIEHHbIE Ha OCAX
POJINKOB.

IIpu pabore BapmaTopa B 3aBHCHMOCTH OT IepeaBacMOro MOMEHTa
CHJIa C)KaTUS YalleK W POJIMKOB yCTAaHABJIMBAETCA aBTOMAaTHUECKH. ITO
JOCTHTaeTcsl TeM, YTO BHYTPH OOOMX BaJiOB B CIeNMANbHBIC THe3/a (KaHaB-
KU TIepeMEHHON TITyOMHBI) 3aJI0KeHbI mapuku. [Ipn yBeamaeHnn MoMeHTa
[IApUKX TIepEeMEeIaloTcsl B 0oJjiee MENIKYI0 YacTh KaHaBKH, IIPH 3TOM BO3-
pacTaer oceBas cuia, ISHCTBYIONIAs Ha paJuyce pacloyIoKEeHUs LIapUKOB,
KOTOpasi yBEJIMUUBAET MPHKATHE YAIIEK K POJIUKAM.

BKCHeDHMeHTaﬂbHOC OIIPECACJICHUC NTHANA30HA PErYJIMPOBAHUSA

Jlnarmas3oH peryiaupoBaHusi BAPHATOPOB BEIYUCIIIIOT 10 (hopmyuie (6).

B y4eOHBIX 00pa3max BapHaTOpOB C PYyYHBIM NPHUBOJOM 3HAUEHUS
NMomin ¥ Npmax OMIPEACTISIIOT CeAYIOMmMM oOpa3oM. [Ipu omHoM U3 KpaitHuX
MOJIO)KEHUH pa0OvYMX TeN BeIyIIWH Baj MOBOPAYMBAOT HA OAWH 00OPOT
(wn, HaTIpuMep, Ha IecATh 000POTOB) M MOICIYUTHIBAIOT, CKOJIEKO 000pO-
TOB TIPY 3TOM CJENIaeT BEAOMEBIN Bajl. 3aTeM pabodre Teira Bapuaropa Ie-
PEBOSAT B APYToe KpaifHee MOJIOKEHNUE U CHOBA ONPEACISIFOT YUCIO 000-
POTOB BEIOMOTO Bayia 3a OJUH (WK JecsATh) 000poT Bexymiero. OaHo U3
OTIpe/IeTICHHBIX TaKUM 00pa3oM 3HAYEHHUH OyIeT MUHUMAJIbHBIM, IPYTOe -
MaKCHUMAaJIbHbIM.

KoHTpoJbHbIE BONIPOCHI

—_

OcHoBuble gocronncrsa B3I1?

2. Ot 4ero 3aBUCUT HUKHUM U BEpXHUI Npeaenbl IepelaTOuHOro OT-
Homenus B3I1?

3. Kaxue ObIBarOT KOHCTPYKIIUU T€HEPATOPOB BOTH?

4. Kakue MexaHu3Mbl Ha3bIBAIOT TuTaHeTapHbiMu? Kakue mpenmyiie-

CTBa U HEJOCTAaTKU OHU UMEIOT?

Kaxue 3BeHBST HA3bIBAIOT MIEpeIadyl OCHOBHBIMU?

J1s1 kako# 1ienu npeaHazHaueHbl BAPUATOPHI?

7. Uro Taxkoe AMAIa30H PEryJIUpPOBaHUs Bapuaropa’?

SN
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Ne9. JxcnepumenTaibHoe onpeneneHue KILJ u unciaa
3y0ObeB B 3allelJIEHUH BOJTHOBOTIO 3y04UaTOro peayKTOopa

[leJb padoThl — MOTyYEHHE IKCIEPUMEHTAIBHON 3aBucuMoctd KIIJ u
yucia 3yObeB B 3alleTUIEHUH OT IePEeaBaeMOoro KpyTSIIEro MOMEHTA.

KoHCeTpyKIMSA HMCCIeyeMOoro BOJHOBOIO PEIYKTOpa

KoHncTpykius uccneayemMoro BOJIHOBOTO peAyKTopa MpecTaBiIeHa
Ha puc. 1. Penykrop cHaOXeH 4eThIPEXPOIUKOBBIM T€HEPATOPOM BOJH 2,
THOKMM KOJIECOM C JIHOM 5, MPHUKPEIUIIEMBIM K THXOXOJHOMY Balmy 7, U
JKECTKUM KOJIECOM 3, HEMOJABI)XKHO yCTaHOBJIEHHBIM B Kopmyce 4. Kopiryc
LUWINHAPHYECKOH (POPMBI C OTHEMHBIMH JIallaMH U ChEMHOM KPBILIKOH 1.

Jis yCTaHOBKH peAyKTOpa Ha WCTBITATEIFHOM CTEHAE B OanaH-
CHUPHOM TIOZ[BECE Ha KPBIIIKE W Ha KOPIyCe PEAYKTOpa IMpPeryCMOTPEHBI
crienualbHble WEeHKH ¢ 1 6. OCOOCHHOCTBIO KOHCTPYKIIUU SIBISIETCSI pa3Mme-
[IeHne TOAINUITHUKOB 6 THXOXOJHOTO Baja BHYTPH THOKOTO 3y04aroro
KOJeca, YTO COKpalaer oceBoW rabaput pemykrtopa. Konerr OwicTpo-
XOJHOTO BaJja - MIaJAKUA TUIMHAPUUECKUM CO IIMOHKOM, TUXOXOAHOTO - C
MPSMOOOYHBIMY IUTHIIAMH.

Jii sKCepuMEHTAFHOTO ONpeeNieHs] Juciia map 3yObeB, Ha-
XOJAIINXCS B 3alleTJICHUH, Ha )KECTKOM KOJIece BbIIeJIeH KOHTPOJIbHBIN 3y0
B BHJIC KOHCOJILHOW OaJIKW, ITOJIy9eHHOW B pe3y/bTaTe yNalIeHUs 110 00euM
CTOpPOHAM OT KOHTPOJBHOTO 3y0a OTHOTO-BYX COCEAHHX 3yOneB (puc. 1).

BBuny Gonpmioro ymcia OJHOBPEMEHHO 3allCIUISIOMINXCS 3yObeB
yaaneHue HeOONbIION X YacTH CYIIECTBEHHOI'O BIHMSHHUS Ha paboTy mepe-
Ja4y He OKasbiBaeT. Ha KOHTPOIBHEIN 3y0 HaKJIeeHbI TEH30PE3UCTOPHI R,
R;, KOTOpBIE PETUCTpUPYIOT AedopManuio 3yda Mo AeHCTBHUEM CHII B 3a-
LIETUIEHUU. Pe3ucTOphl BKIIIOYEHBI B MOCTOBYIO CXEMY M TOJKIIOYEHBI K
ocumiutorpady uepes yCUInuTelNb.

KoHCTpYKIUSA CTEHIa H MOPAJIOK MPOBEICHUA PAOOTHI

Crenn nua onpenenenust KIIJ{ pexykropa (puc. 2) cocTOUT U3 pH-
BOJHOI'O JIEKTPOJABUTATENS 1, HCOBITYEMOTO pelyKTopa 2 U 3JeKTpomar-
HUTHOTO MOPOIIKOBOro TopMo3a 3. Bee arperarsl ycTaHOBIEHBI
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B OajaHCHpHOM IO/IBECE Ha OOIIEi CBApHON IUIMTE W COENWHEHBI MEXIY
coboit ynpyrumu wmydTamu 4. bamancupHble ycTpoiicTBa Ha craTope
3JEKTPOJABUTATENS U HA MTOPOIIKOBOM TOPMO3€ MO3BOJISIOT U3MEPSITh PEaK-
THUBHBIE BPAIIAONIE MOMEHTHI. PEakTHBHBII MOMEHT Ha CTATOPE IIEKTPO-
JBUTaTelsl paBeH BpallalolieMy MOMEHTY Ha OBICTPOXOIHOM Bajly HCIIbI-
TyeMOro peAyKTopa (Ha reHeparope) 7] ¥ U3MepseTcs JUHAMOMETPOM Ne
1.

PeakTuBHBIII MOMEHT Ha CTaTOpEe TOPMO3a PABEH BpaILAIOIIEMY
MOMEHTY Ha BBIXOJTHOM Bally penyKTopa (Ha ruOxoM Koinece) 7> U u3mepsi-
eTcst nuHamMomeTpoM No2. M3MepeHUs MOTYT MPOU3BOAMUTHCS MO MHIIMKA-
TOpPY YacOBOTO THIIA WJIM 3JIEKTPUYECKON CHCTEMOH, BKITIOYAIOIIEH B ceOst
TEH30PE3UCTOPHI, YCHUIIUTEIb U OJIOK 1u¢poBoit uHaAMKanuu. B oboux ciy-
Yasx JUIs IIepeBoJia MoKa3aHUi NpruOop B 3HAYCHHE BPAIIAIOIIET0 MOMEHTA
WCTIONB3YIOT TapUPOBOYHBIE KOI(PPUIIMEHTHI, OIpeneisieMble HHIUBUIY-
AIBHO JUTSI KKIOH JTab0opaTOpHOH yCTaHOBKH [3] .

KII[I penykropa onpenenstor mo 3asucumocta 7 = 1/ (T\U)
I7Ie TepeAaToOYHOe OTHOIIEHHWE W JJS HCIBITYEMOIo peayKTopa paBHO
U=100.

DxcrnepuMeHT 1o onpeaeneHuto KITJ] npou3BoasT A HECKOIbKHUX
(4-6) cryneHell Harpy3Ku ¢ TEM, YTOOBI YCTaHOBUTH 3aBucuMocTh KIIJI ot
nepenaBaemMoi Harpy3ku (0.25 T, ;0.5 T, ..., 2Ty ).

Puc.2
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[Ipu Tex e CTymeHsAX Harpy3KH OMpPEIeNIIoT YHCIIO0 nap 3yObeB B
OJTHOBPEMEHHOM 3alleIUIeHuH. JJi1 3TOro CHUrHajl ¢ KOHTPOJIBHOrO 3y0a
nocJje ycuiieHusl HaOMroIaloT Ha KaTogHoM ocumiiorpage. Ha skxpane me-
PHOAMYECKH MOSABISIFOTCA KpHUBBIE neOopMaLlui KOHTPOJIBHOTO 3y0a ¢ me-
PHOIOM Tsyy . LTSI IBYXBOJHOBOW IEpeaull pacCTOSIHUE MEXIY KaXIbIM i
-M ¥ ( [ +2)-M BCIIJIeCKaMH Harpy3KH COOTBETCTBYET MEPHOIY OJHOTO 000-
pota reneparopa (puc. 3).

Jia ompeneneHus CyMMapHOTO YHCJIAa OJHOBPEMEHHO 3alleIUISIO-
LIUXCS 3yObEB CYMMY MEPHOMOB XTsay =Tsay i +Tsay i+1 3ALCIUICHUS CPAaBHU-
BaIOT C MEPHOJIOM OJHOr0 000pOTa TeHeparopa 7; ; 3HaYeHHE UX OTHOIIe-
HUA, YMHOXKXCHHOC Ha zp, U XapaKTCPU3YET HCKOMYIO BCIIMYHHY Zs.

[Tpu BKIIOYEHUH YCTAaHOBKH ClieAyeT 0OpaTuTh BHUMAaHKE, Ha HHU3-
KUH ypOBEHb LIyMa 3y04aToro peayKTropa, COU3MEPUMBIH C IIyMOM IpH-
BOAHOI'O DJICKTPOABUTATEIIA. Mauneri IyM CBUACTECIIBCTBYET O MHOT'OKOH-
TAaKTHOCTH 3allCIIJICHUA.

[ CurHan ¢ koHTponbHoro 3yba

ngl Cagyisi Loy ira
X T,

3

Puc.3

B mpornecce skcneprMeHTa yCTaHABIMBAaIOT TPeOyeMbIil YPOBEHb
Harpy3ku TopMo3oMm 71, no guHamoMeTpy Ne2 W 3amuChIBalOT CpeaHUE IO-
kazanus guHamomerpa Nel - MoMeHT Ha nBuratene 7.

OnHOBpPEMEHHO 3aIlUCHIBAIOT WJIM BU3YaJlbHO OIpPENENSIOT epHo-
IBI 7] U Ty - 11pH 00paboOTKe MEepeBOIT MOKa3aHus JuHaMomMeTpoB Ne 1, 2
BO Bpallarolldii MOMEHT Ha OBICTPOXOJAHOM M THXOXOJHOM Bajlax W BbI-
gucinstor 3Hadenns KIIJ[. CymmapHoe uncio 3yObpeB B 3alleTIeHHH OTpe-
JEJISIOT TI0 3aBHCUMOCTH



Ha rpadukax u B )xypHase 77 U Zs IaHbl B IPOLEHTAX, IJIS1 3TOTO
MIOJTy4YeHHBIE 3HAUEHUsI 7 U Zy cleayeT yMHOXKUTH Ha 100%.

Ilopsiiok BbINOJHEHUS DaﬁOTbI

1. [To3HaKOMHUTECS C KHHEMATHUKOH TIepeaayun u ImyTeM ooMepa rud-
KOT0 KOJIeca HCTIBITYEMOTO PelyKTopa ONpPENeNIUTh MepeaaTOuHOe YHUCIIO
U, reometpudeckue pasmepsr; di; L; b; h; o=b/d,.

2. [IpoBecTu aKcriepuMeHT 1o onpeneneHuto 3apucumocteit KI1J[ u
CYMMapHOT'O 4YHcla map 3yObeB B 3alleIUICHHH OT BEJIUYMHBI IepelaBae-
Moro Bpamfaromero MomeHTa: 17(712); Zs(1,),cTyneHuaTo U3MEHsIs1 Harpy3Ky,
CO3/1aBaeMyI0 TIOPOIIKOBBIM TOpMo30oM (6...7 cTymeHei). JlaHHbIe dKcIie-
pYMEHTa 3aHECTH B TAOJIMIly UCIBITAHUN Ha cTpaHuily 6 Omanka. Iloctpo-
uTh Tpaduk 3aBucumocrteit 7(7,); Zs(7,) n naTh 3aKiIrOUYeHUE 1O paboTe.

KOHTDOJIbeIe BOIIPOCHI

1. Kakas KoHCTpYKIHsI THOKOTO KoJieca U TeHepaTopa BOJH Y UCCIIe-
JlyeMOT0 BOJTHOBOTO peayKTopa?

2. Tlowemy KIIJI B3II aroke, yeM y MUIHHAPUIECKUX 3y0UaThIX TIe-
penaa?

3. TIloueMy mpu yBeIHMUEHHH BPAIIAIOLIEr0 MOMEHTa CBEPX HOMHU-
HansHoro KIIJI B3I1 mamaer?

4. Ot 4ero 3aBUCHUT AOIYyCKaeMbli Bpamaromui MomeHT B3I1?
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Nel(. PeryimpoBka 3anenieHusi Y4epBSIYHOT0 PeIyKTO-
pa 4 KccJiel0OBaHue BIMSHUS PeKUMOB padoThl NPUBO-
aa Ha KII/ yepBsiuHOro peaykropa

ge.m, QaﬁOTbl - O3HAKOMHUTLBCA C KOHCTPYKIUAMU UYCPBAYHBIX peE-
AYKTOPOB, OMNPEACINUTb MapaMETpPpbl YCPBAYHOI'O 3alCIUICHHA, IMOJTYYUTH
MPEACTABJICHUE O PETYJIMPOBAHNHN 3aLCTITICHUSA U IMOAIIUITHUKOB.

Oouiue cBeieHUs
Cpenn pemyKTOpoB OOIIETr0 Ha3HAYEHHs YEPBSYHBIC PEIyKTOPHI
AMEIOT JOCTaTOYHO Immpokoe mpumenenue (mo 30%). Hambonpmree pac-
MPOCTPAaHEHUE HMEIOT OJHOCTYIEHYAThIe YEPBSIYHBIE PEAYKTOPHI C JUa-
[a30HOM NEpeaTOUHbIX yucen u=S§...63.
KuneMaTndeckne CXeMbl OJHOCYIICHUATBIX YEPBSUHBIX PEAYKTO-
pOB IIpeICTaBIEHBI Ha puC. 1.

a) 6) B) r)

Puc.1

[Tpu GonpIInX MEpeAaTOYHBIX YMCIIAX MPUMEHSIOT ABYXCTyIEHYa-
THIE YEPBSYHBIE PEIyKTOPHI MM KOMOMHHPOBAHHBIE, COCTOSIIUE W3 Yep-
BSIYHOM M 3y0Ouaroil nepenad.

UYepBsiuHble PEAYKTOPHI BHIIOIHSIOT CO CIEAYIOIMMH BapHaHTaMH
pacroyioKeHusl YepBsika 1 M 4epBAYHOIO Koiyieca 2: 4epBsSK Hal KOJECOM
(puc. 1,a), uepsk noa konecom (puc. 1,0), ¢ BEpTUKAIBHBIM PACIOIOXKe-
HUEM OcH uepBsika (puc. 1,B), C BEpTUKAJIBHBIM PaclON0kKEHHEM OCH KoJle-
ca (puc. 1,r). Beibop cxembl peayKTopa ompenenseT KOMIIOHOBKa arpera-
TOB MPUBOJIA.

JlaGoparopHasi paboTa MOXKET ObITh BBITIOJHEHA Ha JFOOOM M3 Tie-
PEYHCIEHHBIX HIDKE 4epBA4YHbIX pexykTopos: PUH-80, Y-100 mnu 24-40.
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2Y-40 - peaykTop 4epBSIYHBIA, ONHOCTyIEeHUYAThIH, aw=40 MM (puc. 2). Us-
roroBurens - 3aBoj "Pemykrop", r. Canxt-IlerepOypr. IlpousBonactso -
KpyTHOCEPUHHOE.
U-100 - pemyKTop HYEpBSYHBIM OJHOCTYNEHYaThl, aw=100 MM (puc. 3).
H3roroButens - pelyKTopHbIH 3aBoj I. bapeiur. ITpons3BoncTso - KpynHo-
cepuiHoe.

Penyxropsr U-100 n 24-40 MoryT OBITH peayH30BaHbI MO JTHO00H U3
CXeM, IMOKa3aHHBIX Ha pucC. 1.

KoHeTpyKIIMH KOPNYyCcOB PeAYKTOPOB

KoncTpykimmn KopIrycoB pexyKTOpOB IPEeACTaBIeHBI HA pHC. 2 U 3.
B ogHOcTyneHuaThIX penykropax Kopmyc 1, kak mpaBuiio, IeJatoT Hepasb-
eMHBIM. B penykropax ¢ aw>250 MM KOpIIyC BBINOJIHSIOT C INIOCKOCTBIO
pa3beMa 110 OCH Bajla 4ePBSIUHOTO PEAYKTOPA.

B HepazpeMHBIX KOpIycax IJisi BO3SMOXXHOCTH COOpPKH HAa OOKOBBIX
CTEHKaX BBIIOJIHSAIOT OTBEPCTHA JHAMETPOM HECKOJBKO OONBLIMM Hau-
Oopiero muamerpa d, 4epBsigHOTO Kosieca. YToObl yBENIMYHUTD JKECTKOCTh
KOpITyca M CO3JaTh YCIOBHUS Ul KPEIUIeH!sI MPUBEPTHBIX Kpbimmek 3, 8, 11,
14 B MecTax pacroyIOKeHHs MOALIMITHUKOB TPELyCMOTPEHBI OOOBIIIKN U
pebpa JKeCTKOCTH.

Kppllikn 1 KopItyc pelyKTopa - JUTHIE, U3TOTOBJICHBI OOBIYHO U3
4yyryHa (puc. 2) Win U3 aTIOMUHHUEBBIX CIUIaBOB (puc. 3).

Jns1 KperuieHust peIyKTopa Ha IUINTE WIK PaMe UCIOJb3YIOT BUHTHI
WM INNWIBKK C raiKkaMu, KOTOPbIE MOMELIAOT B OTBEPCTHSA Janl (pHc. 2),
OTJIIUTHIX 32 €MHOE IEJI0€ C KOPIYCOM, W B OTBEPCTHS CheMHBIX Jjam 17
(puc. 3).

COopka 4epBSIYHBIX PEAYKTOPOB, HE MMEIOIIUX Pa3beMa, OOBIYHO
OCYIIECTBIISIETCA Yepe3 OTBEPCTHA B KOPITyCe /IJIs Baja YepBska U Bajia KO-
Jieca, KOTOpbIE 3ariymaroTcss KpblikaMu. [lox ¢uaHmamMu Kphlex moMme-
LIaI0T HA0OP METAUIMYECKUX MPOKIAT0K 2 U 13, KOTOpbIE UCTIONB3YIOT IS
PeryIupOBaHus MOALIMITHUKOB U 3aLICTUICHUS.

Jnst yBeMUUeHHsl TEIJIO0TAaY U MTOHMKEHUSI TeMIIepaTyphl Macia
Ha OOKOBBIX CTEHKaxX KOPITyCa M KPBILIKaxX BBIIOJIHAIOT pedpa.

Ha xopmyce npemycMmaTpuBalOT OTBEpPCTHS (JIFOKH), 3aKpbIThIE
kpermkamu 10, 16 (puc. 2} u 9 (puc. 3). OTBepcTHs UCTIONB3YIOT I 3aITH-
Ba Maclla U HaOJNIOJIeHH 32 TIOJIOKEHHEM IITHA KOHTAaKTa MPH PETyJIUpOB-
Ke 3aleryIeHusl.
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Jnia cnuBa Macia UCTIOIB3YIOT OTBEPCTHS, 3aKphIThie mpoOkamu 10
(puc. 2) u 7 (puc. 3). Koutpons 3a ypoBHEM Maciia IPOBOAST C OMOIIBIO
OTBEPCTHsl, 3aKpbITOro npodkoi 7 (puc. 3). Ha kpeimkax 9 (puc. 3) ycra-
HoOBJIeHa oTxymnHa 10 U1 BRIpaBHUBAHUS JAaBJICHUS B PELYKTOPE C aTMO-
cepHBIM.

JUid repMeTu3aluu KOpIyca pexyKTopa, a TakXkKe A 3alluThl
TTOANIUITHAKOB M 3aIleTUICHHsI OT TIBUTH M TPS3HM B KpBIIKax 3 u 14 (puc. 2,
3) ¢ oTBepCTHSAMHU /IS BBIXO/Ia KOHIIOB BAJIOB YEPBSAKA M YEPBIIHOTO KOJIe-
ca yCTaHOBJICHbI MaHKETHBIE YIUIOTHEHHS 5 U 16.

JleTaJu M y3Jbl PEIYKTOPOB

UepBsyHast mepeaya COCTOUT M3 YEepBAKA 6 W UEPBIYHOTO KoJieca
12 (cm. puc. 2, 3). UepBsK U3rOTaBIMBAIOT U3 CTANIU 32 OJHO LIEJIOE C BaJIOM
(Bam - yepBsK) pe3aHueM, (pe3epoBaHUEM WM HAKATKOH (B TOpsSYei co-
CTOSTHHH) C TIOCJICAYIOIINM YIPOYHEHHEM OOKOBBIX MOBEPXHOCTEW BUTKOB
yepBsika 10 TBepaoctu >45 HRC,. Butku uepssika mudyioT, a uHorAa u
MOJUPYIOT. 3aKaika, UUTM(OBaHHE U MOJUPOBAHUE BUTKOB YEPBSKa IM03-
BOJISIIOT TOBBICHTH MTPOTHBO33/IUPHYIO CTOHKOCTh YEPBSYHOW Tepeladd U
YBEIUYUTH JOMYCKAaeMble KOHTaKTHBIE HAIPSKCHUSI.

B onopax Bana-4epBsika MOT'YT OBbITb yCTAHOBJIEHBI KaK POJUKOBEIE
KOHMYECKHE OIHOPSIHbIC, TAK U IIAPUKOBBIE PaJUalbHO - YIOPHBIE OQHO-
pAAHBIE TOAMUIHIKY 4 (puc. 2, 3).

YepssiuHoe KoJieco 12 mpezacraBiseT coboil cOOpPOUHYIO €AMHUILY,
COCTOSIIIYIO U3 LIEHTpa 1 3y0uaToro BeHIa. BeHel HaneT Ha LIEHTP ¢ HATA-
TOM, KOTOPBIA BBIOMPAIOT U3 yCIOBHS OOECTIEUEHHs NIepeadn Bpallaronie-
ro MoMmeHTa It OT Kosieca. LleHTp Koiieca BBIIONHSAIOT U3 CTAId WK 9yTy-
Ha. B penykropax, n300pakeHHBIX Ha pHC. 2, 3, HEHTP Kojeca BBIOIHEH
KaK €JMHOE LIEJI0€ C BaJOM. 3arOTOBKOW JETANH SIBJISIETCS] CTAIbHAs IIOKOB-
ka. Takas KOHCTPYKLUS JaeT BO3MOXXHOCTh YMEHBIIUTh 00bEM MeXaHHYe-
cKoii 00paboTKH AeTaneil. BeHen HaIUIaBIAIOT Ha BaJl, @ 3aT€M BBIIOJIHSAIOT
MeXaHn4ecKyro o0paboTKy W Hape3anne 3yOpeB. HarraBka BeHma ro-
BBIIIACT KAYECTBO M HA/IC)KHOCTh PaOOTHI Iepead.

B onopax Bana uepBIYHOTO KoJieca UCTIONB3YIOT POJTUKOBBIE KOHU-
YeCKUe OJHOPSIHBIC IOIHUITHUKH 15 (puc. 2, 3).
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CucreMa cMa3bIBaHUA

Jns cMa3pIBaHUSl YEpBSIYHBIX IEpeAay yalle BCEro MPUMEHSIOT
KapTEepPHYIO CUCTEMY.

[Tpu 5TOM cMa3biBaHUE TIEpeIavyn OCYIICCTBISIOT MyTEM MOTpYKe-
HUS B Maclio 100 YEepBsIYHOrO Kojieca, JIMOO uepBsKa (B 3aBUCUMOCTH OT
CXEMBI, CM. puc. 1).

[MoamMIHUKH cMa3bIBAIOT JHOO MOTPY)KEHUEM B MacJo, JIN00 pas-
OpbisruBanueM. [Ipu cMa3biBaHHM MOTPYKEHHUEM M HETPEepBIBHOW paboTte
MUHHMMANbHBIA yPOBEHb Macja YCTaHABIMBAIOT: MPH YEPBSIKE HaJA KOJIECOM
(puc. 1,a) - mo ocu koneca (ipu aw<= 80 MM) WIH 10 OCH YEpBsKA (TIPH dw
>80 MM); pu uepBsiKe Mo KojecoM (puc,1,6) - 10 ocu yepBsKa.

[Ipr MOBTOPHO-KPaTKOBPEMEHHOM peXHMe padora (IIyck — ocTa-
HOB - IyCK) YPOBEHb MacJIa JIOJDKEH IOCTUTATh TMHUH 3aIICTUICHHSI.

Onpene.ﬂelme napaMeTpoB YEePBAYHOI0O 3aCNJICHUSA

IIpexme Bcero, HEOOXOMUMO pa3odpaTh PEIyKTOpP, OTBEPHYTH
BHUHTHI KperieHus kpsbimek 3, 8, 11, 14 (cMm. puc. 2, 3) CHATh KPBIIKH U
BBIHYTb BaJI YepBsKa 6 U dyepBAYHOE Kosieco 12 ¢ BaioM. CHATB KpBIIIKY 9 .

Jig u3y4yeHHusI 4epBIYHOTO 3aleIICHUS HEOOXOIUMO OIpEeenTh
pAA MapaMeTpoB yepBsKa M YepBSIYHOro Kojeca (puc. 4) U 3aloiHUTh pe-
3yJNbTaTaMH U3MEPEeHUH Tabauily (CM. MyHKT 2 B OJIaHKE OTYETa).

dail i

NE
N

-

1 ™ b

Puc.4

Ha puc. 4 o6o3HaueHo: A - 0a3a U3MEPEHHUS - PACCTOSHUE MEXKAY
IBYMSI OTHOMMEHHBIMU TOYKaMHU Ha Ipoduiie YyepBsKa; 7 - YUCIO II1aroB B
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Oase; P; - oceBoii miar. [/lanee, UCIIONB3YsI TAHHBIE dTOW TAOJHIIBI, BHIITOJ-
HUTh pacyeT MapaMeTpOB YepBsIKa M YEPBAYHOrO Koseca (MyHKT 3 OjaHKa
0TYeTa), MMPOBECTH CPaBHEHHWE PACUYETHBIX 3HAYEHHM C MOJyYEHHBIMU pa-
HEe MyTEM HU3MEPECHUIM.

Hcnonw3ys 0a3y u3aMepeHus, MOXKHO 00Jiee TOYHO ONPEACTUTh OCe-
BOI1 miar: P1=A/n.

Ocegoii Moaysb m=P1/ 7. IlpubivnxeHHOEe 3HAUCHUE MOJTYJISA, TIOJTY-
YEHHOE TI0 Pe3yJIbTaTaM 3aMepoB, CIEIyeT OKPYIJIUTh O CTAaHAAPTHOTO W3
psana o 'OCT 19672-74: 1,0; 1,25; 1,6; 2,0; 2,5; 3,15; 4,0; 5,0; 6,3; 8,0;
10,0; 12,5.; 16,0; 20,0; 25,0 mm. Jomyctumsbl Takxke 3HadeHus 1,6; 3,0; 3,5;
6,0; 7,0; 12,0 Mmm.

[Tepenarounoe uucio nepenaun U =Z,/Z; , tine Z, - 9ucio 3yObeB
KOJIeca; Z; - YICIIO 3aX0/I0B YePBSKA.

OpHEeHTUPOBOYHOE 3HAUCHUE JICIIUTEIBHOTO AUaMeTpa d; uepBska
OTIPENIETISIIOT TI0 3aBUCUMOCTH di=d,-2m, UCTONB3ys 3HAYCHHE IHaMeTpa
d,] BEepUIMH dYepBsKa, MOJyYEeHHOE 3aMepoM. 3HaueHue Kod(pQHuImeHTra
g=d\/m nuamerpa yepBsIKa OKPYIJISIOT JIO CTAaHJAAPTHOTO W3 psjia 3HAUYCHUI
o 'OCT 19672-74,

1-#1 psn: 8; 10; 12,5; 16; 20;

2-tpsan: 7,1;9,0; 11,2; 14; 18; 22,4.

CranmapTHple 3HAYEHUS M W ¢ WCIONB3YIOT Ui yTOYHEHUS
di/di=mq

Koadduiment cMerieHus MHCTpYMEHTa B YEPBAYHOH mepenade
x=aw/m-0,5(Zytq)

Hapesanne 4epBsSYHOTO KOJieca CO CMEIEHHeM WHCTPYMEHTA MPH-
MEHSIOT B TOM ClIydae, €Cii HeOoOXOIWMO HCITIOJIb30BaTh 3aJaHHOE (Ha-
puUMeEpP, CTAHAAPTHOE) MEKOCEBOE PACCTOSHUE, & TAKXKE I HEKOTOPOTO
M3MEHEHUS TIEPEeIaTOYHOTO YUCIA 32 CUET U3MEHEHHS Ynciia 3yoneB (Z, £
2) Ha KoJIece.

3naueHune ko3 punreHTa cCMemeHus X JOHKHO HaXOAUTHCS B TIpe-
nenax —1>x>+1 . IlonoxxutenpHble 3HAUYEHUSI X COOTBETCTBYIOT yBEJIHYe-
HUIO MEKOCEBOTO PACCTOSHUS A , @ OTPUIATENIBHBIC — YMEHBIIICHUIO dyy.

Ha puc. 5 mokaszaHpl cXeMbl 3allelUICHHs W O0O3HAYEHBI Tapa-
METPBI YEPBSIYHOH Iepeadn, BHIMIOTHEHHOW co cMemeHueM (x< >0) u 0e3
cmernierus x=0.

B nepenavax, Hape3aHHBIX CO CMEIICHUEM, YEPBIK UMEET TaKUE JKE
pa3Mepsl, Kak U B Iepeaade, Hape3aHHO! 0e3 CMeeHws], 3a UCKITI0YCHUEM
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OJIHOTO PacueTHOI'o MapaMeTpa, He IPOCTaBIIEMOro Ha pabouux yepTexKax
- IMaMeTpa Ha4aJbHOTO HWIMHAPA YepBsKa dwi=m(q+2X).

VY uepBsiyHOro Koiieca B nepenaue npu x # 0 Bce pasMepsl, Kpome
OraMeTpa HadalbHOW (IETHMTENbHOW) OKPYKHOCTH dp=mZ;, OTIWYHBI OT
pa3mepoB Koiieca B niepeznade npu x=0.

Ilepenaua Ge3 ITepenaua co
cMenenus (x=0) cMenreHuem (x#0)

Puc.5

CO0opKa peayKTopa

Coopky penykropoB U-100 u 24-40 (cm. puc. 2, 3) HaYHHAIOT C
YCTAaHOBKU B Kopmyc | Bama-yepBsika 6, KpblllieK 3 U 8 ¢ MPOKIaIKamMu 2 .

3areM B KOpITyC OMEMIAIOT Baj C YEPBIYHBIM KojecoM 12 u mop-
LIIMITHUKaMK 15, mpelBapuTeIbHO YCTaHOBUB KPBIMIKY 11 ¢ mpokiagkamMu
13. Ilpu 3TOM HEOOXOIUMO MPOCIEANTH, YTOOBI 3yObsl YEPBSIYHOTO KOjeca
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BOIIIJIM BO BIIQJIMTHBI BUTKOB uepBsika. Kpemne)kHble BUHTHI Ha Kpbiike 11 1o
YCTaHOBKHU KpBIIKK 14 BBHHUYMBATH A0 ymnopa He cienyer. Ilomnepxusas
BBIXOIHOHM KOHEIl Bajla YepBAYHOIO Kojeca 12, HafeBaloT Ha HEr0 KPBIIIKY
14 ¢ mpoknankaMu M 3aKpeIUIIIOT €€ Ha KOPILyce KPEHNe>KHbIMH BHHTaMH.
3areM KpemnexHble BUHTHI Kpbliiek 11 u 14 paBHOMEpHO 3aBUHYMBAIOT.

3aKOHUMB COOPKY PpEAyKTOpa, MNPHUCTYMAIOT K PEryJIHpOBaHHIO
MOJIINITHUKOB U 3aLETICHUS.

PeryaupoBanue moJIMMHUKOB M 3alleNJIeHUS

PapnanbHO-ymopHbIE OJHOPSIHBIE IMAPUKOIOANIMITHUKH ¥ KOHU-
YeCKHe OIHOPSIHBIC PONUKOMOALIUITHUKY SIBISIOTCS PErYJIHPYEMBIMH.
PerynupoBanue mo3BoJsieT YCTAaHOBHTH TaKOM oceBOW 3a30p S (OceBylo
Urpy) B HOAIIMIHUKAX (pHC. 6), KOTOPBIN IIPU YCTAHOBHUBILIEMCS TEMIIEpa-
TYpHOM pexuMme (B paboTamIiieM peayKTope IpHu pabodell Harpyske Hu
Temreparype) Obu1 Obl OIM30K K HYINIO, HO 00ecreyrBal JEerkoe BpaleHue

Baa.
AS AS

B nureparype [6] mpuse- i ——i_'_“_
JCHbl 3HAYEHUS PEKOMEHIyeMOH
0CeBOW Wrpbl S sl perymupye- 4L i
MBIX TOAIIUITHUKOB. Tak, s pa-
IUaJbHO - YHOPHBIX MIAPUKOMO- A
LIIMIIHUKOB C YIJIOM KOHTAaKTa :
a=12° npu d=30...50 MM oceBas ’ll
urpa S = 40...70 MKM, a 171 KOHH-
YECKHX  OJHOPSOHBIX  POJIUKO-
NOAIIMIHKKOB Tipu a=14° u d

=30...50 mm - S$=50...100 MKM.

Puc.7

K perynupoBanuto 3aremnieHuss MOXKHO MPUCTYIUTH TOJIBKO IOCIHE
TOrO, KaK 3aKOHYEHO PperyJMpoBaHHME NOAMMNHUKOB. Ha pabouyro mo-
BEPXHOCTh BHUTKOB YE€pBsKa HAHOCAT TOHKHH CIOH KPAacKH, IOCIE YEro
MIPOBOPAYNBAIOT BaJ - YEPBAK, MPUTOPMAKUBAs BaJ YEpBIIHOTO Koseca. O
B3aUMOJCHCTBUM BUTKAa 4YepBiKa M 3yObeB UYEpPBAYHOIO Koyieca CBU-
NETENbCTBYET IISITHO KOHTAaKTa - OTIEYAaTOK Kpacku Ha padodux Imo-
BEpPXHOCTAX 3yObeB Koiyeca. [lomojkeHne miaTHa KOHTAKTa B TMpeaenax rpa-
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HUII 3y0a YepBIYHOTO KoJieca MO3BOJISIET CYIUTh O TOM, KaK cOOpaHo 3alie-
TIJICHHUC.

B npaBunbHO coOpaHHOI nepeaade MATHO KOHTAKTa PacIoI0KEHO
CUMMETPUYHO OTHOCUTENILHO CpelTHEeH TUIOCKOCTH BeHIIa Koleca (puc, 8, a).
Eciu nsTHO KOHTaKTa PacloyioKEeHO CIIpaBa WIIU CJIeBa OT CPEIHEH IIoc-
KOCTH 3y04aToro BeHIa kojeca (puc. 8,0, B), TO BaJ C YSPBSIYHBIM KOJIECOM
12 (cM. puc. 3, 4) He0OXOIUMO TIEPEMECTHTD B OCEBOM HaIPABIICHUH COOT-
BETCTBEHHO BITPABO HJIM BJICBO.

Ock JeprgKa Ocp geppaka Qct depeaka

Cpemaa IMIocKoCTE Cpemaa IMNocKocTh

sybuaroro BeHIa [LIOCKOCTE sybuaroro BeHIa
sybuarore BeHIIa
a) 6) g}
Puc.8

[lepemenienne Bana ¢ YepBIYHBIM KOJECOM 12 OCYIIECTBIISIOT ITy-
TEM MEepPeHoca YacTH MPOKIaJoK 13 ¢ omHOW CTOpOHBI Ha Npyryko (Ha-
MIpUMep, IEPEHOCOM YacTH MpokiIanok 13 (cM. puc. 2) u3-noa Kpeimku 11
mox Kpelnky 14 Banm cMemaroT BieBo). Ilocie 3Toro ciemyer 3arTsHYTh
BHHTHI U BHOBB ITPOBEPHTH IOJIOKEHHUE TISITHA KOHTaKTa. B cirydae HeoOxo-
JAUMOCTH PEryJIMPOBAHUC 3alICTVICHUA HYKHO ITPOJOJIKUTD.

CyMmMmapHast TonmuHa Habopa NPOKIAZOK NpU TEePECTaHOBKE
JIOJDKHA OCTaBaThCsS HEM3MEHHOW BO M30€KaHKME HApyIIESHHUs 3a30pa B MO/I-
[IUITHAKAX.

[lepememars 4yepBsSK B OCEBOM HampaBlIeHHHW He TpeOyercs, Tak
KaK 0CEBOE MMOJIOKEHUE IIMIIMHAPUIECKOTO YePBsIKa HE BIHUAET HA TOYHOCTD
YepBAYHOTO 3aCTUICHNSI.
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KoHTpoJILHBIE BOIIPOCHI

1. OCHOBHOE TOCTOMHCTBO YEPBSIYHOM MEepeIadH.

2. HazoBure 0cHOBHBIE OCOOEHHOCTH KOHCTPYKLIMH Bajla - YepBAKa
1 4EepBAYHOTO KoJIeca.

3. Jlns 4ero mpeaHa3HaueHBl pedpa Ha KOPIyce M KpBILIKaxX pe-
nykropa?

4. Ilpu KaKuX yCIOBHSIX KOPITyca YEPBAUHBIX PEIYKTOPOB JENAIOT
pa3beMHBIMU?

5. C Kako# LENbIo MPOBOAST PETYINPOBAHUE MOALIUIHUKOB H 3a-
neruteHus? M3noxure nocaenoBaTeIbHOCTD PEryINPOBAHMS.

6. I[louemy HCHONB3YIOT CMEIIEHHUE MPH U3TOTOBJICHUU Tepenadn’?
Kak u3menstoTcs pa3mepsl yepBsika 1 4epBAYHOTo Koseca npu x70.
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Nell. UccaenoBanue padoThl peMeHHOM nepeaayn Ha
MalliHe 3AMKHYTOI0 KOHTYpa

[leab padoThl — SKCIEPUMEHTATILHOE HcclieloBaHue CKoabxeHust u KITJ]
B KJIMHOPEMEHHOH Tiepenade W OmIpeneieHHe ONTHMAIbLHOTO YPOBHS Ha-
Ipy’KeHHs Tiepeliadu, COOTBeTCTBYIouero Hanbonpmemy KIT/I.

PacueTHBIE 3aBHCHMOCTH

Jna oueHkn pabOTOCTIOCOOHOCTH TEpeayd MCCIEAYIOT IKCIIEepPH-
MEHTAJILHO IOJIYICHHBIC 3aBHCHUMOCTH KOI(PMHUIIMEHTA CKOJBKEHUS C u

KIIA M or mepenaBaeMoOil OKDPY’KHOM CHIIBI IIPH IOCTOSHHOM IIpeIBapu-
TeJIbHOM HaTsKeHuu 2F.
s nepenauu ¢ MOCTOSHHBIM IIPEIBAPUTEILHBIM HATSKECHUEM
CIIpaBe1JIiBa 3aBUCUMOCTD
Fl + Fz = 2F0,
rae F, u F, - HaTshkeHue Benyuiel U Be1OMOM BETBEN B HArpy>KEHHOM pe-
MeHHoU nepenade (puc. 1). JIeBbIil IIKUB — BeyIIUii, TPaBbIi — BEIOMBIA.

Puc. 1. Cxema pemeHHOH nepenauu

Pa3HoCTb HaTsDKEHUSI BETBEH paBHA OKPY)KHOM cUJie
Ft = Fl - F2
OLEHKY YpOBHS Harpy:KeHHs Mepeaauyd MPOU3BOAAT, HCIONb3Ys
K02 PUITUESHT TATH

¢ =F/2Fy=(F,-F,) /(Fi+F) (1)
Kosbduument cxonbxenus ( ONpeensioT Mo 3aBUCUMOCTH
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E=(Vi-V)/Vi=1-V,/V, , 2

rne Vi, V, —OKpyXHbIe CKOPOCTH Ha BEAYIIEeM U BEJOMOM BaJax.
KIIJI mepenaun HaxomsaT 1o Gopmyie

n = P2 / P1 , (3)
rae P; u P, — MOIIHOCTH Ha BelylIEM U BEIOMOM BaJiax.

Ha puc.2 npencrasnensl npumepnsie 3asucumoctu KITJ M u xo-

s ueHTa CKOIBXEHUS C oT ko3 durmenta taru Q.

g " ~ i

0,04 /’)/ B 0.8
‘]
A

0,03 - 0,6

/ | @]
f i
0,02|8 A—82 0.4
5 &
o ] I
o SR -y S .
01 02 03 04,05 06 Que ¢
JoHa
Joua Ynpyrare TACTH THOMG
CHROMBWEHIA 5}’E{Cﬂﬂﬂl[llﬁ

Puc.2. Kpussie ckonpxenus u KI1/]
C yBenudenneM Kod(QQHIHUEHTAa TATH [0 3HaYeHUs (D CKOJNIbKe-
HUE MOBbIIaeTcs moutu JuHeino, K11/ yenuuuBaercs, peMeHb paboTaeT
B 30HC YIPYTOro CKOJIBXXCHH. HpI/I (P > (PK pPEMEHb HAYUHAET 6y1(co_

Batb, KII1JI nepenaun nanaer. [pu @ = Pmax HACTYNaeT momHoe Gykco-
BaHUC U BeI[OMBIﬁ IIKWUB OCTAaHABJIMWBACTCA (‘{aCTOTa BpalmcHusa BE€AOMOTO
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mKuBa n,; = 0, C =1, N = 0). Haubonemmit KIIJI nepenaun Haxoautcs B

30He BOMHM3M 3HAaYCHHH (. B kIMHOpEMEHHOIl Iepeaade o6IacTh kKea-
TEJILHOTO YPOBHS HarpyxeHust Haxoaurtcs A 3HadyeHuid KIIJ, paBHbIx

0,94...0,97, 1 COOTBETCTBYEeT 3HAYCHUSIM KOIPPUIIMEHTA CKOJIbKEHUS

0,01...0,015.

Omnpenenys Nmpu UCHBITAHUAX 3HaueHHE Py = (Popp, MOTYYAIOT
OCHOBY JJII Ha3HAYEHUS ONTUMAIBLHON OKPYKHOW CHJIBI U MOIIHOCTH Ha
BEIOMOM BaJIy:

Ftor[T: 2(POI'IT.FO > (4)
Paonr = Fionr V2 / 1000 = 2@ FoV,/ 1000, (5)

rae Pooy- onTvManbHas MOIIHOCTB, KBT; Fioy, - ONTUMaNbHAsA OKpYs>KHas
cuma, H; V, — oOKpyXHas CKOpOCTh Ha BEIOMOM IIKHBE, M/C.

KpuBsie ckompkeHNsI 0OBIYHO MOTYYaIOT MPH OKPY>KHOM CKOPOCTH
Ha BeIyIlleM IKuBe, paBHoil 10 m/c. J{ns ncnonb3oBaHus pe3yabTaTOB MpU
OPYTUX CKOPOCTSX, yrilax oOxBaTa Ha IIKMBaX, AUAMETpax IIKUBOB H JIp.
BBOJST COOTBETCTBYIOIIUE ITOIPABKH.

JKCIepUMEHTAIbLHbIE UCCIeI0BAHNS KJINHOPEMEHHOIi epeaayun

Jlabopatopnas ycranoBka (HIIII «YUTEX-IIPO®U» IOVYpIY)
MMeeT 3aMKHYTHIN cHiIoBOM KOHTYp (puc. 3). Bece y3mbl npuBoaa 3akpernie-
HBI Ha paMe C JIMLEeBON naHenbto 14. YnopapineHue ABUTaTeneM OCYLIECTB-
JIieTCsl KHOTIOYHOM CTaHIIMEH, PacIoJIOKEHHOW C JIEBOW CTOPOHBI MaHEIU
(BBIKITIOYATENTh TUTAHUS YCTAHOBKU 15, KHOMKA ITyCKa JJIEKTPOIBUTATEIIS
16 1 KHOTIKa OCTaHOBA dIEKTpoaABUTaTENs 17).

Ot snekTpoaBuraresns 1 BpaileHue moaaeTcsl Yepe3 TOPCUOHHBIN Bajl
7 Ha BeAyIIUH IIKWUB UCCIEAYEeMON PEeMEHHOU mepenadn 4, MMEIOIIeH Ime-

pemarounoe yrcimo U = 1 Oe3 yuera ckonbkeHHUs. BparieHue ¢ BeqoMoro
IIKHABA UCCIIELYEMON PEMEHHOM Nepefadn IEepeNacTCsl Yepe3 TOPCUOHHBIN
Ball § HA BeAYLIUH IIKKMB HArpy>Karolel peMeHHOU nepenayu 5, uMerouieit
nepenaToyHoe otHoureHue U=0,72 0e3 y4yera CKOJIbKEHUS, U KHHEMaTHue-
CKMHM KOHTYp YCTAaHOBKHM 3aMBbIKAaeTCs Ha Baly 3JeKTpojsurarens. B pe-
3yJIBTaTE MOITHOCTD MJICKTPOABUTATENS 3aTPAYUBACTCS TOJBKO HA BOCTIOJN-
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HEHHUE TOTePh B YCTAHOBKE, a IOJIE3Hasl Harpy3Ka CO3JaeTcs 3a CcUeT Ha-
rpy’Karoleil (BcroMorareibHOW) peMeHHOH mepeaayn 5.




YBenuueHue Harpy3Kd Ha UCCIEIyeMOM peMEHHOH mepeaade Mpo-
HCXOJIUT 32 CUET yBEIMUCHUS HATSHKCHUS PEMHS Harpy Karolel peMeHHOM
nepeaaud. Ilpu 3ToM cKoONbXKEHHE B HCCIEAYyeMONW PEMEHHON mepenaye
YBEJIUYHUBAETCSI.

Bpaiatonuii MOMEHT Ha BEIYIIEM IIKUBE UCCIEAYEMOU pEMEHHOMN
nepeaaun u3MepsieTcs Mpu MOMOILY TaTYMKa MOMEHTa 9, a Ha ee BeIOMOM
LIKWBE BPAILAIOMUNA MOMEHT U3MEPSAETCS NMPU MOMOIIM JAaTYNKa MOMEHTA
10.

JlaTunk MoMeHTa (Ha NMpuMepe JaTyuka MOMEHTa 9) mpecTaBiser
c000if TOPCHOH 7, yroll 3aKpy4YHBaHHUS KOTOPOTO OMPEENIIETCS IByMS UH-
IyKTUBHBEIMU matdukamu 11 u 12. Jlatuuk 12 Taroke ompenenseT 9acToTy
BpallleHus] TOPCHUOHA M, CJEeN0BaTeIbHO, BEIYyIIEro LIKMBA HCCIIEeTyeMOoi
PEMEHHOH nepenauu.

JIBoitHOE ycuiue NpeaBapUTENIbHOIO HaTsKeHus pemHs 2F, wuc-
CJIeyeMOl peMEeHHOH Mepeayu OmpeneseTcsl ¢ MOMOUIBI0 Mapbl TEH30-
METPUYECKUX JAaTYUKOB 13, pacmonoXeHHBIX Ha KOpPIyce AaTYuKa MOMEH-
Ta 9.

JlaHHbIe, TONy4YeHHbIE C AATYUKOB, TOCTYIAIOT HAa KOHTPOJIIEP
cTeHAa, a 3ateM B OBM 115 mocienyromnieid 00paboTKH.

[Ipu paboTre yCTaHOBKM CHHXPOHHO 3aMepsiroTcst MOMEHTHI T o T
Ha BEAyIIeM U BEIOMOM IIKUBax (Bajax) MCCIeAyeMOl peMEeHHOM mepe-
maun, a Takoke Beraucisgercsa KIIJ pemenHo# mepegadun W KodpHUIImeHT
CKOJIbXKECHHS.

JlaGopaTopHble paOOThI BBIMOIHSIOT ¢ IPUMEHECHHEM KOMITbIOTEpa
B IMAJIOTOBOM PEXHUME € UcIonb3oBaHueM nporpaMmel «RTS Tenzoy.

Oco0ble yKka3aHus 10 c00JII0AeHHIO PABUJI TEXHUKH 0€30l1aCHOCTH
NP NPOBEIEHUN ABTOMATH3HPOBAHHBIX PadoT

1. Ilepen mpoBeneHueM JaOOPATOPHBIX PabOT OOCITYKHBAFOIINAN
MEePCOHAJT JIOJDKEH MPOBEPUTh HAIMYKME 3a3eMJICHHs 000pYyI0BaHUS U MPH-
00poB. 3anpewaemcs pabOTATh C MOBPEIKIACHHBIM 3a3E€MIICHUEM.

2. llepen BKIOUEHHEM HCHBITATENFHOTO OOOPYIOBAHHS JOIOIHH-
TCJIbHO HYXKHO y6eI[I/ITLC$[ B MpaBUJIBHOCTH C60pKI/I, YCTAaHOBKH U 3aKpeCII-
JeHus TabOpaTOPHBIX SKCIIEPUMEHTABHBIX MPUCTIOCOOICHUI 1 yCTPOUCTB.

3. BkimoueHne 1abOpaTOPHBIX YCTAaHOBOK W aIllapaTypbl CIeIyeT
MIPOBOINTH TOJBKO B MPUCYTCTBHUH MPETIOAABATENS WA yIeOHOTO MacTepa.
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4. Bo BpeMsl 9KCIIEpUMEHTA He 0OnycKaemcsi HaXOXKJICHHE PYK JKC-
MEPUMEHTATOPOB B paboyeii 30He.

3 8 5 6

4% Wccneporatme, KT pem HioR Nepeaadn

Revpoiicn Moo
7 “fiteveperorows 0
Heoneaoeaie perderwoi nepeaau
4 iy R} 2
PEAYKTOPA O HATPYIKH

| B e HOKHO-Ypankekui rocyAapcTBEHHLIA YHHBEPCHTET

Tnysua guaetpa [ Mo

Tpaduk aapuckmocTH KM peAYKTONa OT HATPYIKK K3 BEAOMON BaNTY.

BRAGEEBRIWNERBRSE

BHHERILIOAD

A

1.—‘

04 05
MQMEHT Ha B2 R0MOM BarTy, H M.

PocyiT nepeasi Ircpepurent orgr | |
7 7 o
9 10 1 12 13

Puc. 4. Pabouee oxno nporpammsl «RTS Tenzo»

1 — pabouee mose MporpaMMel; 2 — MEHIO HACTPOUKH; 3 — MEHIO ITOMOIIH; 4
— Bkiaaka «I'paduk 3aBucumoctu KIIJ1 ot Harpy3ku Ha BEOMOM Bairy»; 5
— Briagka «['paduk 3aBHCHMOCTH MOIIHOCTEH OT MOMEHTa Ha BEIOMOM
Bamy»; 6 — Brianka «['paduk 3aBUCUMOCTH CKOPOCTEl OT MOMEHTa Ha Be-
JIOMOM Baly»; 7 — KOJHMYECTBO U3MEPEHHBIX TOYEK; 8§ — moie (puimbTpa oc-
PEAHEHUS TIONyYEeHHBIX Pe3yibTaToB; 9 — kHomka «lIcXomHble DaHHBIE»
uccnexyeMoit nmepenaun; 10 — xHomka «Pacuer mepemgaun»; 11 — xHOmKA
«Hauano skcriepumenTay; 12 — kHomnKa «BBIBOJ 0TYETa MO 1a0OPATOPHOM
pabote»; 13 — kHOMKa «BBIX0 U3 IPOTpaMMBI».
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IHopsigok BhINOJHEHNSI PA0OThI

1. TIpoBepuTh moacoennHEHNE yCTAHOBKU K OBM,
BKJIFOYUTH NTUTaHHE yCTaHOBKU 1 DBM.
2. BwiOpaTth 6u0 pemns B HacTpoWKax J1abOpaTOpHOH pabOTHI

(puc. 5).

HeecaenpBaHHe peme HHOH Nepe aaun: KanHoH

HacTpokikk MRl
WCHNHE HA Bany FS CAYBUHHE ks
CBpocHTE BCE Chri+Del
Mnockmi L
& [ S

KpyrneiA

Puc. 5. Beibop Buma pemHs

3. B wmenro «Hacmpotikuy BEIOpaTh MYHKT « Ycunue Ha 8any»
(puc. 6) niam HaXXaTh KIABUITY «FJ».

 Mccne J0EaHME pere HHOH Ne pe

Zkr[+Del

Bra pemnHa k

HFCCTE T T e e Y O Har Py S KL
Puc. 6. Beibop myHKTa « Ycunue na sany

Buumanmue. /11 koppekTHOI pabOTHI TeH30aMIapaTypsl TpeOyeTcs
BKJIIOUUTH MUTaHUE cTeHAA Ha 15-20 MUH. 10 NpoBEACHUS dKCIIEPUMEH-
Ta.

4. Ha skpaH BBRIBOAMTCS OKHO « Ycunue Ha eany» (puc.7), 3aTeM He-
00X0JIMMO CHSATH MCCIEIYyEMbI PEMEHb U MPOBEPUTHh 3HAYCHUEC YCUIIHS Ha
Bany. Ecnu ycunne Ha Bary OTIIMYHO OT HyJIs, HEOOXOIUMO HaXKaTh KHOII-
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Ky «Koppexyus nyna ycunusy. Koppekuus Hyssl yCuius MOXET 3aHATh 110

2-X MUHYT BpEMEHH.

EED

LHaunke e MIAHRoaoddkdo |

H 82
(047) Rues eH anunaR

r

amavog amAaHa

EMHadaMsEH AL20HRO |

BHUHIG BURH sMhiiaddoy

HBhOL 09LI8hHUOY
oz

MHEWS0E 09 ALEE BH BMUKIA duded

ALres BH

Yeunwe Ha eany (2Fo), H

Puc. 7. OxHo «Ycuine Ha Baldy»

5. IIpoBeneHHEe 3KCIIEPUMEHTA.
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5.1. Ilocne KoppeKIuy HyIs yCUIHs HE00X0AUMO Ha/IETh UCCIIETye-
MBI pEMEHb Ha IIKUBHI U 3aIlyCTUTh 3JICKTPOJABUraTeNlb HAXKATHEM KHOIIKU
«Bx» Ha muneBo maHenu creHaa (mo3. 16, puc. 3), Ipu 3TOM HATSHKEHHE
Harpy’karomiei peMeHHOM repeiaun JOKHO OBITh 0cTIabieHo.

5.2. IlnaBHO Bparias MaXOBHYOK HATSHKHOTO YCTPOMCTBA HCCIETye-
MO peMeHHOH nepenauu (1mo3. 2, puc. 3) HaTAHYTh UCCIICIYEMYIO PeMeH-
Hy!0 nepenauy Ao 3HaueHus 2F, = 40H. Bennuuna ycunus 2F, orcnexusa-
eTcst B OKHE « Ycunue na sanyy (puc.8). Ilocie ycranoBku TpedyeMoro 3Ha-
YEeHUsl YCUIINS Ha Bally HE0OXOIUMO 3a()MKCHPOBATH BaJl HATSYKHOTO YCT-
poiicTBa uccieryeMoi peMEeHHOM nepegadu Mpu MOMOIIY CTOIIOPHOTO BUH-
Ta ¥ 3aKPBITh OKHO « Ycunue Ha 8anyy.

Tpadu YCHIMA HA Bany B0 BPEMEHK
Koppexuus Hyns ycunus

2901
2801
270
2604
2504
240¢
2301
220
2101
200
190}
1804
170
1604
1501
1404
130¢---
1204---
110
1004

TOUHOCTE USMEPEHIA

Yeunue Ha sany (2Fo)
40 H

H '(047) AUES BH BHLKIA

TOPHPOBOUHLIA KOS hHUMEHT

0.33

0 2 40
Konwyectsn Touek

Puc. 8. Hatsxenue peMHs HccieyeMoil peMeHHO nepenayu
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U 5.3. B rmaBHOM
JKcne pumeHTaAbHOE Heene noeaHue KM OKHE IIPOrPaMMBI Ha)KaTh

MopAnok BHNOAHEHWA 3KCNEPUMEHTA: KHOIIKY «3KCHepI/IM€HT»,
Ha D5KpaH€ IIOABUTCA OK-
HO «31<cnepwweﬂmaﬂb-
BrntuuTe anekTpoaEUraTens HEKETHeM kHakM "TIHCK" Hoe ucciedosanie KHLZ»

Hasrute Ok | (pI/IC. 9)-

OcnadTe HaTHkeHWE [EMHA

Puc. 9. OxHO «DKCHIEpUMEHTATBFHOE UCCIIE0-

Banue KIT/I»
54. Haxarnem
kHonku «OK» BBIBECTH
‘MuHyTouKY... MAST NoAroToBKa 060pynoBaHks | | HA OKpaH OKHO IOJro-
Mt s TOBKH o0opymoBaHU
e (puc. 10).

Puc. 10. OkHO MOATOTOBKH 000PYAOBaHUS

B npouecce noAroToBKU 000pY10BAHNS He H3MEHATh HATSIKEHUE

peMHeii.

5.5. locne 3aBeprueHus] MOATOTOBKH O0OPYAOBaHMS HA DKpaHEe Ha-
guHAeT oToOpaxarhcs rpaduk. HeoOXoaumMo 0UeHb IJIABHO HATITHBATH
PEMEHb Harpy’Karoleld peMEHHOW Mepefadyn ¢ MOMOIIbI HATSKHOTO YCT-
poiictBa (103.6, puc.3), ciens 3a KOJIWYECTBOM CHHUMAEMBIX TOYEK, Bpa-
[IAFOIIMM MOMEHTOM Ha BEJIOMOM By W BEIMYMHON YIPYTOTO CKOJbXKe-
HUs (HUOKHSS CTPOKA IIABHOTO OKHA ITPOTPAMMBI).

5.6. DKCIIepUMEHT CleAyeT 3aBEepIINTh HakaTueM KHomku «Ocma-
HOBUMbY, KOTJA BEIUYMHA YIPYTOro CKOJBKEHHUS JOCTHTHET 3HAaueHUS
6osee 10%, a MakCUMaJIbHBIM BpaIAONIMA MOMEHT Ha BEAYILEM Baly CO-
cTaBUT He 0oJiee 3 H-M, Ipu 3TOM KOJMYECTBO TOUYEK U3MEPEHUS TOJHKHO
obITb He MeHee 300 (1eM Oouibliie TOYEK, TEM BBIIIE TOYHOCTh SKCIIEPUMEH-
Ta).

5.7. Ocnabute HaTsKeHHE peMHe. OCTaHOBHUTDH 3JIEKTPOABHUTaTENb
Ha)KaTUEM KHOIKU «BBIKI» Ha JIUIIEBOM MaHenu ctenna (mo3.17, puc.3).
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5.8. BBIKIIOUATH YCTAHOBKY BBIKJIIOYaTeNeM NHUTaHuA (103.15,
puc.3).

6. PesynbraThl skcnepuMmenta. Bknanka «['paduk 3aBucMMocCTH
KIIZ 1 cxkonpXeHus: OT Harpy3Kd Ha BEAOMOM Bajly» OTOOpa)kaeT 3aBHUCH-
mocTh KIIJl u ynpyroro ckoibXeHHsI pEMEHHOI Mepeaadr OT Bpalllarolie-
ro MOMEHTA Ha BeIOMOM Baiy (BepXHsis yacTh puc.l11).

Bragka «I'paduk 3aBUCHMOCTH MOIIIHOCTEH OT Harpy3kd Ha BeJO-
MOM BalIy» O0TOOpa)kaeT 3aBUCHMOCTH MOITHOCTEH Ha BEAyIIEM U BEJJOMOM
BajaXx OT BpAaIAlOIIer0 MOMEHTa Ha BEJOMOM Bally (HIJKHSS 4acTh pUC.
11).

g 06paboTKH MOTyYeHHBIX Pe3yIbTaTOB BBOAVUM 3HAYEHHE TITyOH-
HBI QUIBTpa (OCpEIHEHKE) B TIOJIE OCPETHEHHUS PE3yIbTaTOB (BEPXHHI Tpa-
BBIH YTOJI OKHA MPOTpaMMBbl). 3HaU€HUE TIyOHHBI (QUIbTPa 3aBUCHT OT KO-
JTUYecTBa Touek m3MepeHus. [1pu xonmmdecTBe Touek m3mepenns 6oiee 300
3Ha4YeHHE TITyOnHBI (PUIBTPAa OPUEHTHPOBOYHO AOKHO OBITH 30...50. Oc-
penHEeHHe OCYLIEeCTBIsAETCS Ha 000X rpadukax oTHOBpeMeHHO (puc. 12).

7. Odopmitenne oTdeTa o J1abopaTopHOM padore.

[Tocne BbIOOpa onmTMMaNbHOHN TIyOWHBI (GMIBTPa W NMPUMEHEHUS
€ro K IOJY4YEHHBIM pe3ysbTaTaM HaxaTh KHOIKY «Otder». [Ipu HaxaTun
kHonku «Otuer» (puc. 11) mporpamma otkpsisaer MS WORD® u BcTas-
JIIET B HETO OTYET IO MPOBEAeHHOM maboparopHoii pabdore (puc. 13). Ilpu
9TOM eciu rpaduKu ObLUTH 00paboTaHbl IPW TOMOLIH (DUIBTPA OCPEeTHEHNUS
Pe3yIBTATOB, TO B OTYET BHIBOAATCS 00paboTaHHbBIE rPpadHKH.

B oruere HeoOxommmo yka3aTh (aMWINU CTYICHTOB, BBIITOJIHSB-
mux Ja00paToOpHYIO paboTy, MHAEKC TPYIIIEL, (pakyIpTeT U (haMuIHio Tpe-
nofasarens. OT4eT COXpaHUTh B JIOOYIO yI00HYIO MAMKy.

8. IIpn HEOOXOIMMOCTH TIOBTOPHOTO IIPOBEICHUS JTaOOpaTOPHOIt pa-
00THI HEOOXOIMMO CAENAaTh COPOC BCEX IMOYICHHBIX JAHHBIX, BEIOpaB Tpe-
OyeMyI0 CTPOYKY B MEHIO «HACTpOWKa» (puc. 6), 1100 HaxkaB KOMOWHAIIMIO
knasum <Ctrl+Delete>.

BHUMAHHUE!
Heo0xomumo yoeauTbest B TOM, 4TO Pe3yJIbTaThl COXPaHEHBI B OTYETE.
9. OnpenenuTh 3HAYCHUE ONTHUMAJIBHOTO KO3 duimenta TiIru

QPonr . Ucnonesysa dopmyny (1) ¢ =F,/ 2F, n yuntsiBas, 4ro
F,=2.10 *T,/d, , onTHMAaIbHbIIi KOIQOUIHEHT TATH MOYXKHO ONPEAETUTH
KakK

Qorr = 2.10 *Taon/(ds .2F)
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B ycranoBke amametp Bemomoro mkuBa dy =100 mm. T; op — MO-
MEHT Ha BeJJOMOM Baiy (IKuBe) B HM, COOTBETCTBYIOIIMIA 3HAYCHUIO MAK-
cumanbHoro KIIJ] u3 puc.12. Ind Ha3HauYeHHs] ONTHUMAJIbHOM OKpYXHOU

CHJIBI ¥ MOIITHOCTH Ha BEIOMOM Bally CJIEJyeT UCIOIB30BaTh (HhOpMyIIkI (4)
u (5).
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CTyaeHThI:
I'pynna:
DakyJIbTeT:
IIpenoaaBarein:

OTYET IO JABOPATOPHOM PABOTE:

"Uccnedosanue pemennou nepeoauu’

BEIYIIETO Baja
BEZIOMOTO BaJia

JnuHa pemus1, MM

[[Tupuna pemHs1, MM

1350

1,9

NCXOIHLIE TAHHBIE
JlnaMeTphl IKUBOB, MM:

100
100

920

YacroTa BpallleHus Beuymero IIKUBA, O6/MI/IH

Pe3yJ'II)TaTLI T€OMETPUICCKOTO pacqéTa nepeaavu:
MesxoceBoe pacCTosiHueC nepeaaiu, MM
Vron MEXKIY BETBSAMU MEpeaaviu, rpaayc

Yron ob6xBarta IIKMBOB PEMHEM, TPazyc:
BEIYILETO
BEZOMOTO
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MOMEHT Ha BEAOMOM BANY, H*M.
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Cpadmk 2aercumocTi KNO peRyKTOpa OT HAIPY2EW H3 BEAOMOM BATY.

YacToTa BPALLEHAA BXOAHOTD BaNa, OB/MUH.

0
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WOMEHT Ha BRAOMOM BaNY, H™M

TPapHK 23BHEMMOCTH MOWHOCTER 0T MOMEHTS HA BEIXOSHOM EANy

360

370

140
120
100

H™M.

MOMEHT Ha BEAOMOM BaNy,

Otyer 110 JTabopaTOpHOI paboTe

. 13.

Puc
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KoHTpoJLHBIE BOIIPOCHI

1. B dem 3akirouaroTcsl MpeuMyIlecTBa METOAa MCIBITAHUM Tepe-
Jlad B 3aMKHYTOM CHJIOBOM KOHTYpe?

2. Uto xapakrepuzyeT KOI(QOUIMEHT TATH PEMEHHOHN Mepenadu u
Kak ero onpenenstoT?

3. Kax onpenensiror KI1/] 11 ckonbkeHne B peMeHHOU miepeaade?

4. Kak HCIIOJIB3YIOT MOJYYCHHBIC OKCIICPUMCHTAJIbHBIC JAHHBIC JJIA
Ha3HA4YeHHS ONITHMAIBHOTO YPOBHS HArpy>KeHUS pEMEHHOH mepenayun?
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Nel2. ITpoexkTupoBaHMe 3y04aThIX Mepeaay, BajaoB U
NMOAIIMITHMKOBBIX y3J10B B cpeae Mathcad

ge.m, QaﬁOTbI - HeJ’IB pa60TI)I — 3HAKOMCTBO C MeTOHHKOﬁ pac4deTa U KOH-
CTpyUpOBaHUA SY6‘13.TI>IX nepeaad, BaJioB U MMOAUINITHUKOBBIX Y3JI0B.

[IpoekTrpoBaHue — mpoiecc, BKIOYAOIIUN TBA OCHOBHBIX, BBITOIHAEMBIX
napajuiesbHO, dTana: KOHCTPYHPOBAaHUE M MPOEKTHBIE WA MPOBEPOUYHBIE
pacyeTsl.

Hcxons u3 3aiaHHOM KMHEMAaTHYECKON CXeMBbl 3y0uaTol mepeaadu,
a TakXKe BPAaIIAIONIer0 MOMEHTa Ha THXOXOJHOM Bally, YacTOT BpAaIICHUS
BaJIOB, MAaTEPUAJIOB KOJIEC U UX TePMOOOPaOOTKH, pecypca U pexuma pado-
ThI, BBITIOJIHUTH TIPOCKTHBIN pacyer.

[TopsimoK BBITIOTHEHHS TPOEKTHOTO pacueTa.

1. DHEpreTHYecKue M KHHEMATHICCKUE PACUETHL.

2. Br10op xapakTepuCTUK MaTepUAIOB KOJIEC.

3. HeoOxoammo ompeneTnTs:

3.1. Jomyckaemble HAPSKEHUSI.

3.2. KoahdunmeHTs! Harpy3Ku.

3.3. MexoceBoe pacCcTOsIHHE.

3.4. lllupuny 3yO4aThIX BEHIIOB.

3.5. HopmanbHbIi MOy b,

3.6. Yucna 3yObeB KoJec.

4. BBITIOJTHUTH ITPOBEPOUHBIE PACUETHI

4.1. Ha KOHTaKTHYIO BEIHOCITHBOCTb.

4.2. Ha u3ruOHy10 BEIHOCIHBOCTD

5. OnpenenuTh reoMeTprIecKre pa3Mepsl 3y0UaThIX KOJIec.

6. OnpeaenuTh CHUJIBI B 3aIICTUICHUN

JHanee mpuBoauTCS MpUMEp pacueTa 3yOuaTol mepeaayu B cpele
Mathcad..

Brayane He00X0IUMO OTKPHITH (hailil « AIrOPUTM MPOEKTHPOBA-

HHUA 3y04aThIX mepemad.mcd» M COXpPAaHUTH €ro MOA APYTUM HMEHEM
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(r066IM). B manpHelmem 3ToT aiin Oymer cioykuTh mabioHoMm Bamrero

JOKYMEHTA.

HpI/I CO3JaHUN CBOCTO JOKYMCHTA y,Z[O6HO BOCIIOJIB30BAaThCA MHO-

TOOKOHHBIM PEXHMOM PEIaKTHPOBaHUs, (parMeHT mokas3aH Ha puc.l.
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B pesynbrare pacuera 3yOuaToil mepemadn moiydaeM T'eoMeTpHde-
CKHE pa3Mephbl 3yOuaThIX KOJIEC, a TakXKe CHJIbl B 3allCIUICHUH, KOTOPHIC
SIBJISIFOTCSL UCXOJHBIMU JIJIS1 IPOEKTUPOBAHUS BaJOB U MOAMIUITHUKOB.

[Tocne onpeneneHnss MEX0OCEBOI0 PACCTOSIHUA, Pa3MeEPOB 3y0UaThIX
KOJIEC, MPUCTYNAIOT K pa3paboTKe KOHCTPYKIHMU peaykropa. IlepBrim 3Ta-
[IOM KOHCTPYHPOBaHUs sSIBIsETCS pa3paboTKa KOMIIOHOBOYHOH cxemsl. [1pu
9TOM OTIPEAETISIOTCS PACIONIOKEHNE JeTaleld mepeaadn, pacCTOSHUE MEX-
Ay HUMU, OPUCHTUPOBOYHBIC JUAMCTPLL CTYHCHGP'I BaJIOB, BI)I6I/IP3IOT THIIbI
MOJIINITHUKOB M CXEMBI MX YCTaHOBKH.

Janee Hy>XHO ONpENENUTh CUJIbI, HArpysKarollye MOAIINITHUKH,
MIPOU3BECTHU PACUCT MOANIUITHUKOB I10 I[HHaMH‘IGCKOfI rpy3onoabeMHOCTH,
OKOHYATeNbHO YCTAHOBUTH OCHOBHBIE pa3Mephl MOJIINITHUKOB, KOHCTPYK-
THBHO O(OPMHUTE OTIOPHI.

CnenyeT YTOYHUTH NPEABAPUTECIBHBIC TUAMETPhI Y4aCTKOB BaJIOB,
COIJIacoBaTh X C AETAISIMH, YCTaHABIMBacMbIMU Ha Baj, y4ecTb BUA U
pacroyioKeHHe Omop.

Jlarmee BBIMONHAIOT pacdeT BaJOB Ha CTaTHYECKYIO IMPOYHOCTH U
COIMPOTHUBJICHUEC YCTAJIOCTH B OIMACHBIX CCUYCHUAX, TPEABAPUTCIBHO BLI6paB
MaTepHajbl BaJloB.

IIpoekTHpPOBAaHNE BAJIOB

[IpoexTupoBanue HauMHaeM ¢ OBICTPOXOAHOM cTyneHH. Brauane
oIpenesnsieM TUaMeTphl U AJIHHBI CTYIIEHEH Basia 10 IPUBEIEHHBIM B (haiiie
Mathcad 3aBucumoctsm (Bpamamwommii MomeHt Ty ).

BrICTpOXOAHBIN Ball BBHINOIHAEM KOHCOJbLHBIM (TIOAMUIHUKY Ha-
XOAATCSl IO OAHY CTOPOHY OT 3yOuYaToOro 3aleIuIeHHs), YTO HE0OXO0AUMO
y4ecTb Ipu BHIOOpE pacyeTHON CXEMBbI Baja.

@parMeHTsl pacueTHBIX MPOTrpaMM I10 MPOEKTUPOBAHHUIO BAJIOB U
noamunHuKkoB B Mathcad npusenens! Ha puc.2.

IIpoexkTnpoBaHWE THXOXOJHOIO Baja M €ro MOJIIMITHUKOBBIX Y3JIOB
AQHAJIOTUYHO OBICTPOXOAHOMY Bally, OTJINYHE COCTOUT B TOM, YTO THXOXO/I-
HBIH BaJI BBITTOJIHAETCS MEKOMOPHBIM (IIOJIIIMITHUKY BaJla paclionararTcs
o o0e CTOPOHBI OT 3y0UaToOro 3aleryieHHs W BPALIAaloLUi MOMEHT Ha
Baay T2).
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Iopsaaox padorel B AUTOcad ¢ npunoxxenneM MechaniCS
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BceraButh B mone akpana ¢popmat A4, Ha KOTOPOM B JasibHEHIIEM Oy-

JIET U300pakaThCsl UYepTexk 3yOuaToil mepesayu.

1.
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s 3TOro meaKHUTE MBIIIBIO 110 TUKTOrpaMMe m «Hacmpoiixa
¢opmamay, B OTKPHIBIIEMCS TUAJIOTOBOM OKHE yCTAaHOBUTE (hopmar
A4, BepTHKaIBHYIO OpHEHTaLuIO (puc.3)

2. Jlamee paboraeM ¢ OmOMMOTEKO# craHmapTHHIX aetaieli MechaniCS.
Jist ObICTPOro JOCTYMA K CTAaHIAPTHBIM JIETASIM MPEIyCMOTPEHO TO-
CTOSTHHOE pa3MelleHue OMOIMOTEKH CTaHJApTHBIX JIeTajeld Ha dKpaHe.
Ecnu aToro Hetr, HEOOXOIMMO HaXKATh KHOIKY

i

«CranapTHble» Ha maHenu nHCTpyMeHTOB MechaniCsS.

[IleukoM MO MUKTOTpamMme «Buoy BbI3BIBAaETCA OKHO JIsl TIPO-
CMOTpa JIEMEHTOB MHCTPYMEHTaIbHOU 6a3pl. UepTex 3y0uaToro pemyKkro-
pa Ha4YMHAeM C BaJOB CHadana OBICTPOXOJHOIO, & 3aTeM THUXOXOIHOTO
(paccTosiHME MEXIy OCSIMH BAaJIOB PaBHO ay). KOHCTpyKuus Bana 3aBUCHUT
OT CXEMBI YCTAaHOBKH TOJIITUITHUKOB («BPACTSDKKY» HITH «BPACIIOp») U CO-
OTBETCTBEHHO criocoba oceBoil pukcanuu Bana.

N3 menro cragmaptHeIx aeranedt MechaniCS Br3BaTh «Batsl» u na-
Jee mocienoBarenbHo «Konuwvt eanoe», «Yuacmku eanoe», n 1.1. (CM.
puc.3).

BricTpoxonHbIii Banm 3y04YaToOro peayKTopa BBITIONHSAETCS B BHJIC
BaJla-IIECTEPHU C KOHCOJIBHBIM PaCIIOJIOKEHHEM OIMop. MecTa yCTaHOBKH
MOAINIWITHAKOB Bajia MOKa3aHbl Ha pHUC. 4 (TUN U pa3Mepbl MOANIMITHUKOB
ObuTH onpesenensl paHee B Mathcad).

[ectepHto u komeco BeiOMpaem u3 MeHO MechaniCS «3ybouamaoie
Koneca», 3a1aB B CBOMCTBAX IapaMeTpshl, oyueHHble paHee B Mathcade
(Monynb, yucia 3yObeB, MMUPHUHY 3y0OYaTOTO BEHIA, IIMPUHY U JHAMETP
CTYTIHIIBI U T.1T.).
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IIaJIee Ha BaJl YCTaHABJIMBAEM BCC HCO6XOILI/IMBI€ JAC€TaJIh B 3aBHUCH-

MOCTH OT cItoco0a oceBoil (hukcaruu Bayia (CTakaH, OITHITHUKOB

Bajia MOKa3aHbl Ha PUC. 5 (TUI U pa3Mephl TOALIUITHUKOB OBLTH OIpesesne-

HbI paHee B Mathcad).

[Tpumep KOHCTpYKIMHU 3y0UaTOl Iepeaayn mokazaH Ha puc. 5.
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KoHTpoJILHBIE BOIIPOCHI

Kaknmu 0CHOBHBIME TTapaMeTpaMH XapaKTepu3yIoTcs 3y0darbie
nepeaadyu, 1 10 KaKuM HaIpsHKCHUAM OHU paCCT-II/ITI)IBaIOTCSI?

OT yero 3aBUCST AO0ITyCKAaCMbIC HAIIPSAKCHUA B 3y6anI)IX nepena-
yax?

Kaxue critbl BO3HUKAIOT B 3y0UaToOM 3alleTuICHAH?

Kakast pacueTHast cxema UCIoIb3yeTcs Ui pacyeTa BajoB Ha
MIPOYHOCTH?

Kak onpenenuts cuibl, IeHCTBYIOIMNE Ha TOAITHITHUKOBEIE Y3JI6I7
OT 4ero 3aBUCHUT peCypcC MOAUINITHAKA KaueHHs?
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Nel3.A3yyenne KOHCTPYKIUI MOAIMIUITHUKOB KAYeHUS

1o odpasuam
Ileab pa6oThl - N3ydeHHE KiIaccu(PUKANNH, YCIOBHBIX 0003HAYEHUH 1
KOHCTPYKIIUH MOAIIUITHUKOB KaueHHs 10 IpesiaraeMbIM o0pasiam pas-
JIMYHBIX THUITIOB ITOAUIUIITHUKOB.

KﬂaCCI/IQHKaHHﬂ NOJIIUITHUKOB KAaYCHUSA

[NopmumHanKYN Ka4eHus KIACCUPUIMPYIOT TIO CIEAYIOIINM OCHOB-
HEIM ITOKa3aTelIsIM: HAIMIPaBJICHUIO BOCIIPUHUMAEMBIX HArpy30kK, popme ten
KaueHHUs, YUCILY PSIIOB TEJ KaU€HHUs, KOHCTPYKTUBHBIM MPU3HAKAM.

[To HanpaBieHUIO BOCHPUHUMAEMBIX HArPY30K MOJUIMIHUKA MOA-
pa3nensIoT Ha YeThIPE TPYIIIIHL:

a) paanaJbHble - IpeJHa3HAuYEeHHbIE Ul BOCIPUATHUSA TOJIBKO pa-
JUAIBHBIX WIN MPEUMYIIECTBEHHO paJiialbHbBIX HAIPY30K;

0) paanajJbLbHO-yNOpHbIe - TpEeJHAa3HAYCHHBIC IUISI BOCIIPHATHS
KOMOWHHPOBaHHBIX (pPaJAuaNbHBIX U OCEBBIX) HATPY30K;

B) YHNOPHO-paAuajibHble - IMpEeJHA3HAYCHHBIC IUISI BOCIPHUATHUS
OCEBBIX Harpy30K, HO CITIOCOOHBIE BOCIIPHHUMATEH M HEOOIIbIIHNE pa-
JUallbHble HArpy3KHU;

I') YHOpHBIe - IpeJHAa3HAYCHHBbIE JUIS BOCIIPUATHUS TOJBKO OCEBBIX
Harpys3okK.

Ilo (bopMe TCJI Ka4YCHUSA MOAMIUITHHUKY MOAPA3AC/IA0OT Ha HIApHUKO-
BBIC€ U POJIMKOBBIC.

PonukoBble NOAIIMITHAKY BBITOTHSIOT:

a) C KOPOTKUMH HJIM JUTMHHBIMU IVIMHIPUYECKUMH POJIMKAMU;
0) C KOHHYECKUMH POITUKAMU;

B) C UTOJILYATHIMH POJIHKAMHU;

T) cO cheprUUECKIUMHU MU C(HEPOKOHNIECKUMH POIUKAMHU.

Hunuanpuyeckne 1 KOHMYECKHE POJIMKY M3TOTABINBAIOT B HACTOS-
mee BpeMms ¢ HeOompmiod (7...30 MKM Ha CTOPOHY) BBITYKJIOCTBIO IIO-
BEpXHOCTH KaueHWs (OOOMHOW) M CO CKPYTICHHBIMH TopramHu. Ilommrum-
HUKU C TaKMM MOJW(GUIMPOBAHHBIM KOHTAKTOM OTIHYAIOTCS IMOBBIIICH-
HBIM PECYPCOM U MEHBIIEH YyBCTBUTEIBHOCTBIO K IIEPEKOCaM KOJel.
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Ilo YHCIIYy PpAAO0B TCJI KAaUCHUA MOAIIUITHUKYA ITOAPasaCIAI0T Ha OO~
HO-, IBYX- U YETBIPEXPSAIHEIE.

ITo OCHOBHOMY KOHCTPYKTHBHOMY MPHU3HAKY MOMAIIMITHUKU KJIac-
CcUUIMPYIOT HAa HECAMOYCTAaHABIMBAIOIINECS U CAMOYCTAHABIIMBAIOIIHECS
(cepuueckue).

Kpome 0CHOBHBIX MOIITUITHAKOB KKIOTO THIIA H3TOTABIUBAIOT UX
KOHCTPYKTHUBHBIE PA3HOBUIHOCTH: C KaHABKaMH I10J] YIIOPHOE KOJIBIIO, C
3allIUTHBEIMHU maﬁ6aMH, C IOIIOJIHUTCJIBbHBIMHA 60pTaMI/I, C KOHUYCCKHUM OT-
BEPCTUEM BHYTPEHHETO KO/IbLA U T 1.

YciaoBubie 0003Hauenus mo 'OCT 3189-89

OcHOBHOE yCJI0BHOE 0003HAaYeHHE, JOMOTHUTENbHBIC 3HAKH 1 3HAK
3aBoja-uszrorourens (Hampumep, [T13-1) HaHeceHbl Ha TOpLBI KOjel|
noamumHAKOB. OCHOBHOE YCIOBHOE O0O3Hau€HHE COCTaBICHO W3 IUQD
(MakcumanpHOE Yncio nudp 7), 0HO XapaKTepu3yeT BHYTPEHHUH JHaMeTp
MIOIUIUITHHAKA, Pa3MEPHYIO CEpHUIO0, THUI, KOHCTPYKTHUBHYIO Pa3HOBHIHOCTb.
[opsinox otcuera nudp crnpasa Haneso (puc. I).

JJ1 MOIIIMITHUKOB ¢ BHYTPEHHUM AuaMeTpoM ot 20 1o 495 MM, 3a
UCKITIOYEHHEM DPaJHalbHO-yIIOPHBIX IIAPUKOBBIX CO CHEMHBIM HapY>KHBIM
KOJIBLIOM, JIBE IepBble HU(PbI 0003HAUEHHS SIBISIOTCS YaCTHBIM OT Jelie-
HUS pa3Mepa BHYTPEHHETO AWaMeTpa B MHJUIIMETpax Ha 5. 3a TeM ke uc-
KIIFOYeHneM BHyTpeHHue auametpsl 10, 12, 15 u 17 mm 0603Ha9aoT cOOT-
BerctBeHHO 00, 01, 02 u 03. TpeThs u ceapMast MUGPHI YKA3BIBAIOT CEPHIO
MTOIIIIUITHAKOB BCEX TUAMETPOB, KPOME MAITbIX (10 9 MM BKITFOUHTENHHO).

[pumep 0603HAYCHHMS:
4074108 - IloAIIMIHUK POJUKOBBIM paAHalbHBIl C HUrOJbYATHIMU
pOTTMKaMH OCHOBHOTO THIAa OCOOONErKOoW OCOOOIMPOKOW Cepur Ha
nuameTp Bana 40MM, kimacc TouHoctH 0.
6-36209 - ITlogmMNHUK IIApUKOBBIM paaMaIbHO-YIOPHBIH C YIJIOM
xonrakta 12° merkoit Y3KOM cepuu Ha AuaMmeTp Baja 45MM, KJ1acC TOUHOCTH
6.
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Tperps nndpa, o603HAUAIOMIAS CEPUI0 TUAMETPOB, COBMECTHO C
celbMOl 1UQPoH, 0003HAYAIONICH CEPUI0 HIMPUHBI, ONPEACISIIOT pa3Mep-
HYIO ceputio moamunHukoB. Eciu cenpmas mmdpa 0, To TpeThs uudpa xa-
paKTepu3yeT CEpHI0 MO TUAMETPY U IIUPHUHE.

Yersepras uudpa 0003HAYACT THIT HOAIIUITHAKA!

IAPUKOBBIM paJiuaibHbIA OJHOPSAHBIN

[IAPUKOBBINA pauaIbHBINA chepruecKuil IBYXPAIHBIN

POJIMKOBBIN PaHAIIBHBIN ¢ KOPOTKUMU LIWJIMHIPUYECKUMU POIIMKAMU

POJMKOBBIN paguanbHbINA chepruecKuid

AW =[O

pOJ'II/IKOBI)If/i pa,I[HaHBHBIﬁ C JVIMHHBIMH NUJIWMHAPUYCCKUMUA WU UT'OJIb-
YaTbIMH POJIMKAMH

POJIMKOBBIN PaiMAJIbHBIN C BUTBIMU POJIMKAMHU

IIAPUKOBBIA pagualIbHO-YIIOPHbIN

POJIMKOBBIA KOHUYECKUU

[IAPUKOBBIA YIOPHBII M IIAPUKOBBIM YIOPHO-pauaIbHbII

O [0\ |n

POJIMKOBBIY YIOPHBIM U POJMKOBBIN YIIOPHO-PAIAAIbHBIN

[TaTas unu nsTas ¢ mectod nudpsl 0003HAYAIOT KOHCTPYKTUBHYIO
Pa3HOBHIHOCTH IMOIIMITHUKOB (HAJMYNE KAaHABKU IO/ YIOPHOE KOJBIO,
HOMUWHAJIbHBIN YIrojJl KOHTaKTa TCJI Ka4€HHA C HApPYXHBIM KOJIBIIOM IIOMI-
LIMITHUKA B PajlalibHO-YNOPHBIX MOAIIMIHUKAX U 1p.). B ocHOoBHOM yc-
JIOBHOM 00O3HAYEHHH HYIIH, CTOSIIHE JeBee IMOCIeIHeH 3HaYael upel,
OITyCKaroTCsl.

Kpome nmudp ocHoBHOTO 0003HaYEHUS ClieBa U CIIpaBa OT HETO MO-
T'YyT MapKHPOBAThCSI JIOTIOJIHUTEIbHBIC 3HAKH (OYKBEHHBIC WK LH(POBBIL).
Hampumep, kiacc TOYHOCTH TOMIIUITHUKA MapKupyercs Iudpoil ciesa
4epe3 THPe OT OCHOBHOT'O 0003HAYCHHSI.

OO6o3HaueHUsI KJIACCOB TOYHOCTH B TOPS/IKE BO3PACTAHHsI TOYHO-
ctu: 0, 6X. 6. 5, 4, 2. T. Kpome toro, I'OCT 520-89 npeaycmaTpuBaet
KJacchl ToYHOCTH 8 1 7 Hmke 0 JJI1 IPUMEHCHHA B HCOTBECTCTBCHHBIX Y3-
Jax ¥ KaTeropuu MOALIMITHUKOB M0 ypoBHIO BuOpammu A, B. C. Kmacc
TOYHOCTH momunHuka 0 He npocTapisiercs. CieBa OT 0003HAYCHUS KJlac-
ca TOYHOCTH MOTYT OBITH IPOCTABJIEHBI JOMOJHUTENbHBIE 3HAKH, YKa3bl-
BawImye Ha TO, YTO IMOAUIHMITHHUK HM3TOTOBJICH 110 CIICIIHAJIBHBIM Tpe6OBaHI/I-
SM K paJiajJbHOMY 3a30py ¥ MOMEHTY TpeHus. [Ipu HaIMuuM STHX 3HAKOB
00o3HayeHne Kiacca TOUHOCTH () CoXpaHseTCs.
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CripaBa OT OCHOBHOTO 0003HAYE€HHSI MOTYT CTOSITh OyKBEHHBIE 3HA-
KM, XapaKTepHU3yIOlIue MaTepuan aeTajiell MoJIUIHIKa (HarpuMep. OykBa
E obo3nauaer, 4To cemaparop BBIIONHEH M3 INIACTHYECKHX MaTepHAalOB,
OykBa P - nmeranmm mommmHWKa W3TOTOBIIEHBI W3 TEIDIOCTOWKHX CTalei,
Oyksa O - Bce nim yacTh Aetaneil H3rOTOBIEHBI U3 KOPPO3UOHHO-CTOMKON
CTajM), KOHCTPYKTUBHBIE M3MCHEHHs AeTajeld MOIIIUIIHAKA 0003HAYaloT
oyksoit K ¢ mudpamu, 6yksa T ¢ mudpamu (T, T1, T2...T6) yxa3eiBaeT Ha
CHEeNMaTIbHYI0 TepMOOOpabOTKy AeTaneil MOAIIMIHKMKA (TeMIeparypa OT-
mycka, cooTBercTBeHHO, 200, 225. 250...450 °C), 6ykBa M ¢ nudpamu -
POJMKOBBIE OALMITHUKY C MOJU(PHULIUPOBAHHBIM KOHTAKTOM.

KpaTkas XxapakTepuCTHKA OCHOBHbBIX THIIOB NMOAIIUIIHUKOB
[1...3]

[lapukoBele paamanbHble omHOpsAmHbIe TommumHUKA (THr 0000)
MpeIHa3HAYEHbI JJIS BOCHIPHUATHS PaJUalbHBIX U OTPAHUYCHHBIX OCEBBIX
Harpy3o0K JII000Tr0 HampaBleHHS U SBJISIOTCS OJHUMHU U3 HanboJee pacipo-
CTpaHEHHBIX W JICHIeBBIX IOAIINITHUKOB. J([MHAMWYeckas M cTaTH4ecKas
paauanbHasl TPY30HNOABEMHOCTh HMX HIDKE, Y€M y POJIMKOIOIIIAITHUKOB
paBHBIX pa3MepoB. OHM XapaKTEpHU3YIOTCS CPAaBHUTENIBHO MalbIMU pajau-
QIBHONH M 0COOEHHO OCEBOI KECTKOCTBIO, HE PEKOMEHIYIOTCS I IpUMe-
HEHUS B y3J1aX, TPeOYIONUINX TOYHON (PUKCAIIH BaJIOB.

JlommyckaeMble yTriibl B3aMMHOTO Iiepekoca KoJiell (BHYTPEHHEro OT-
HOCHUTEIBHO HAPYKHOTO) TMOANIUITHUKOB C HOPMAaJIbHBIMHU paJuaibHBIMU
3a30paMu TP paJvuaibHOM HarpyXeHWH - 10 8' (31ech U Janee JaHHBIE O
JOITyCTHMBIX MEpeKocax OTHOCATCSA K MOAIIUITHUKAM KJIaccoB To9HOCTH ()

u 6).

[IlapukoBsle pagnanbHbIe ABYXPsiAHbIE CHEPUUECKUE MTOIIUITHUKH
(turm 1000) mpemHa3zHAYeHBI A7 BOCTIPUATHS PaHalbHBIX HAarpy3oK, HO
MOTYT BOCTIPpUHMMATh U OIpaHHYEHHBIE OCEBbIE HArPy3KH JIFOOOTO Harpas-
nenud. PaguanbHas rpy30N0AbEMHOCTD Y HUX 3HAUUTEIBHO HUXKE, UYEM Y
panuanbHBIX OJHOPSIHBIX IIAPUKOIMOALIMITHUKOB. J[0MyCcKa0T 3HAYNTEIb-
Hble (10 4°) B3auMHBIE NepeKkochl Kousell. IIpuMeHstoTcs B y3/max c He-
KECTKUMH BaJlaMH M B KOHCTPYKLUSX, B KOTOPBIX HE MOXeT ObITh o0ec-
IeYeHa Ha/Ie)KHasi COOCHOCTh OTBEPCTUH KOPITyCOB.

PonvkoBbie paguanbHbie MOAMUITHIKN ¢ KOPOTKUMH HWIHHIPUYE-
ckuMu ponukamu (tun 2000) mpegHazHaueHBI A BOCIPUATHUS TOJIBKO pa-
JUABHBIX HAarpy3ok. M3roTaBmmBaroT TakXke MNOIIINIHUKA C JOMOJIHU-
TeNbHBIM 60pTOM Ha BHyTpeHHeM (42000) nnn HapyxHOM (12000) KombIe.
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OTH TONMWITHUKKA MOTYT BOCIPHHUMATH KpOME paJualbHOW W Orpa-
HUYEHHYIO OCEBYIO Harpy3ky. Jlomyckaercs: pa3aenbHbId MOHTaX BHYTPEH-
HEro (¢ KOMIUIEKTOM POJIMKOB) U HAPY>KHOTO KOJIEI] ITOAITUITHAKA.

[MopmmumAanKY ¢ MOAUPUIMPOBAHHBIM KOHTAaKTOM JOIMYCKArOT B3a-
HMMHBIC TIEPEKOCHI Koutell 10 6' (0e3 Mmonudukanuu - 10 2').

Ponukononmmmanku uronpuateie (turn 74000) otnudarorcs 00Ib-
IOW paralibHOW TPY30IMOIBEMHOCTBIO TPU MaJbIX paJvalbHBIX Tabapu-
tax. OceBble HArPy3KH BOCIPUHUMATH HE MOTYT. [1o momyckaemMbIM 9acTo-
TaM BpAILEHUS OHU YCTYHAIOT POJUKOMOAIIUITHUKAM C KOPOTKUMU LIUIUH-
JPUYECKUMU POJIMKAMH, HO XOPOIIO pabOTar0T B YCIOBUSX Ka4aHUS OIHO-
ro W3 KOJICI, BEChMa TyBCTBUTEIBHEI K B3aUMHBIM IepeKocaM KoJerl (0of1-
HOpsiAHBIE 6€3 MogU(UKALUU MPOGUIIS JAOIMYCKAIOT MepeKockl 10 1' ¢ Mo-
mudukanuent 1o 4').

[[MapukoBble paauaNbHO-YIOPHBIE MOMIIMITHAKHA TPEAHAa3HAYEHBI
JUTSI BOCTIPHSITHSL paAWalIbHBIX M OCEBBIX HAarpy3ok. Perymmpyemsie moj-
mmarkn tanos 6000, 36000, 46000 u 66000 crmocoOHBI BOCIPUHUMATH
OCEBYIO Harpy3Ky TOJIBKO B OJTHOM HaIpaBlieHHH, 0e3 OCEBBIX HArpy3o0K B
omopax paboTarh He MOryT. [Ipu ompemeneHWH STUX HATPY30K CIETYET
YUYUTHIBATH OCEBBIC CHIIBI, BO3HUKAIOIIKE MO JESHCTBUEM paJualbHbIX Ha-
IPY30K U3-32 HAKJIIOHA KOHTAaKTHBIX JIMHUI. Heperynupyembie moIIIAITHHU-
K (C pa3pe3HbIM HAPYKHBIM WM BHYTPEHHHM KOJBIIOM, a TaKKe JBYX-
PAAHBIC TOMIIMITHUKH) MOTYT BOCIPUHHUMATh OCEBYIO HArpy3ky Jr00ro
HamnpaBJeHUs U paboTaTh 0€3 OCEBBIX HArpy30K. HOMWHAIIbHBINA yTol KOH-
takTta y noamunHuka tuna 6000 u 36000 pasen 12°, a y NOAMIMIHUKOB
46000 u 66000 - 26 u 36° cooTBeTCTBeHHO. HOMHHANTBHBII yroj KOHTaKTa
MOJUINITHUKOB C Pa3pe3HbIMH KOJbLlaMU paBeH 26°. UeM MeHbIle yroi
KOHTaKTa, TeM OOJIbIIE pafuaibHas M MEHBIIE OCeBas KECTKOCTh U TPY30-
MMOABEMHOCTh MOAMMUITHUKOB. C POCTOM yTila KOHTAaKTa CHIDKAETCS IIpe-
JenbHast OBICTPOXOIHOCTh M3-3a OTPUIIATEIHLHOTO BIMSHHS THPOCKOIHAYE-
ckoro 3¢ddexra. PagnanbHO-yIOpHBIE MIAPUKOMOAIIUITHHKN OTINYAOTCS
OT paguabHBIX OOJBIIMM YHCIOM MIAPUKOB, ITO3TOMY HX JKECTKOCTh H
TPY30II0AbEMHOCTS BHINIE. PerynupyeMble MOIIIMITHUKA COOUPAIOT B y3-
JaxX MallMH TaK, 4TOObI NPHU YCTAaHOBUBIIEMCS TEMIICPATYPHOM pPEKUME
paauanbHBIE U OCEBBIE 3a30PBI B HAX MPHUOIIKAINCH K HYJIIO, 2 B HEKOTO-
pBIX cIydasx UX COOMpPAIOT C TPEIBAPUTEIBHBIM HATATOM. JlomycTHMble
B3aMMHBIC MEpPeKoChl Kouell - 4'...6' (OoJblKe 3HAUCHUS COOTBETCTBYIOT
MaJIbIM YTJIaM KOHTAaKTa).
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PonvkoBbie pannanbHO-yIOpHBIE OJHOPSAHBIE MOAITUITHUKH C KO-
HUYECKHMMH pOJMKAaMHU NpeIHa3Hau€Hbl ISl BOCHPUATHS paaualbHON U
OJTHOCTOPOHHEW O0CEBOM HAarpy3ok. be3 oceBbIX Harpy3ok B OIOpax, Kak H
peryaupyeMsle paauaibHO-yIOPHbIE IMIAPUKOMOAIIMIIHUKY, paboTaTh He
MOTyT. JIJi1 BOCTIpUATHS IBYCTOPOHHUX OCEBBIX HArpy30K UX MPUMEHSIIOT B
nape. [loammmnuuka Beimyckarores ¢ yraamu a = 10...18° (tun 7000) u
20...30° (tum 27000). IMapy mogmumHIKoB THa 27000 pekoMeHAyIOT yc-
TAaHABIMBaTh B OAHOHN (pukcupyromei Ban omope. B y3me ¢ pamuanbHO
YIOPHBIMH POJIMKOBBIMHM TOAIIMITHUKAME JIOJDKHA OBITH HpEeayCMOTpEeHA
peryIupoBKa OCEBOro 3a30pa MOJMIMIHUKOB. [lo cpaBHEHHIO C IIApHKO-
BBIMU PaJaIbHO-YIIOPHBIMU TOAIIUITHUKAMEA 3TH MOJIINITHUKA OTIHYa-
10TCS 0OJIBIIEH TPY30HOABEMHOCTEIO0, MEHBIIMMH TOYHOCTBIO BpPAIIEHUS U
MpeaenbHOl 4acToTOl BpamieHus. Jlomyckaercsi pa3aebHBI MOHTaX Ha-
PYKHOTO ¥ BHYTPEHHETO KOJIeIl ¢ KOMIUICKTOM POJIMKOB. [lommunHuku ¢
MOAN(UIIMPOBAHHBIM KOHTAKTOM MOTYT UMETh B3aUMHBIE ITEPEKOCHI KOJIEI]
1o 4' (6e3 mogudukanuu g0 2') ¢ MoauduKanue KOHTaKkTa Ha paboueit
MIOBEPXHOCTH Hapy>KHOT'O KOJIbLA 110 8.

[apukoBsie ynopHble onuHapHbIe nogmunHUKY (T 8000) npen-
Ha3HA4YeHbI JJI BOCHPUATUS OJHOCTOPOHHEHW OCeBOW Harpy3KH, OHH MpH-
MEHSIIOTCS TPH 3HAYUTENbHO MEHBIIMX 10 CPaBHEHHUIO C APYIMMH Ila-
PUKOTIOAIINITHUKAMH YacTOTaX BpAIIEHHUs, OYeHb YyBCTBHUTEIBHBI K TMEpe-
KocaM (JI0MyCKaroT B3aUMHBIN Iepekoc KoJer 70 2').

Ilopsiiok NpoBeeHUs PAGOThI

1. Tlo mMerogW4ecKkuM YKa3aHHSAM WU IUIAaKaTaM O3HAKOMHUTHCS C
KJaccupuKanyeil MOAMMNITHUKOB KaueHUsI, UX YCIOBHBIMH 000-
3HAYCHUSIMH.

2. HM3y4yuTh KOHCTPYKUHIO MOJIIUITHUKOB MO MEHajgaM ¢ oOpasua-
MH.

3. 3amosHUTH MPOTOKOJ OT4YeTa (puc. 2): MOKa3aTh CTpEeNKaMu Ha
9CKHU3aX MOJIINIHUKOB HaNpaBlieHHs BOCHPUHUMAEMBIX Harpy-
30K; JaTh PacIIM(pOBKY YCIOBHBIX O0O3HAYEHHH ITOIIUITHHU-
KOB, HAHECEHHBIX Ha TOPIIAX KOJICIl; HAIMCATh KPAaTKYH Xapak-
TEPUCTUKY KaKAOTO MOJIIINITHHKA.

4. Tloanucatp (3aIIUTUTH) IPOTOKOJ OTYETA y MPENOJaBATEIS.
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[Ipumep 3amoTHEHHS TPOTOKOJIA OTYETa

5. PonukoBeIi paguanbHO-yHIOpHBIH KoHnYeckuit (Tum 7000)

7307

07 — BHYT-
peHHui
JuameTp
TOJTIIHTI-
HUKa 35MMm

(7x5=35)

3 — cepus
CpenHss
y3Kas

Puc.2

IIpennasnauen ais BOcC-
MPUATUS pagUalIbHON U OJI-
HOCTOPOHHEH OCeBOil Ha-
rpy3ok. /Jlns Bocnpusitus
JIBYCTOPOHHHX OCEBBIX Ha-
TPYy30K MPUMEHSIETCS B Ta-
pe. Tpebyer perymnpoBKH
0CEBOT'0 3a30pa.

Obnamaer Oonpieit
IPy30MOABEMHOCTBIO, YEeM
HIAPUKOBBIA  pagualbHO-
YIOPHBIM, HO MEHBIIUMU
TOYHOCTBIO BpallleHUs W
MpeaeIbHON 4acTOTOMN
BpaICHUS.

Jonyckaetr pa3nenbHbIH
MOHTQX  HapyXHOTO H
BHYTPEHHETO KOJell ¢ KOM-
TUIEKTOM poiukoB. [omyc-
KaeT MepeKoc KOJell C MO-
MUGUITUPOBAHHBIM KOHTAK-
ToMm 110 4' (6e3 Moauduka-
1y 1o 2").

KoHTpoJIbHbIE BOIPOCHI
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1. Harpy3ky Kakux HampaBJI€HHUA MOXET BOCIPUHUMAThH JaHHBIN
MOJIIUITHUK?

2. OO0ecrieunBaeT ¥ MOAIIMITHUK (PUKCAlMIO Baja B OCEBOM Ha-
MpaBJIeHUN?

3. HyxHna nu perynupoBka 0CeBOro 3azopa?

4. Yemy paBHBI IOIyCKaeMble MpeAeNbl B3aUMHBIX IEPEKOCOB KO-
Jien MOAIIUITHUKOB?

5. JlaliTe CpaBHHUTEIBHYI OLIEHKY I'PYy30IOJBEMHOCTH U KECTKO-
CTH TOAIIUITHUKOB (CPaBHUTE C IIAPUKOBBIM paTUaIBHBIM OJI-
HOPSITHBIM).

Nel4. M3yyeHue THIIOBBIX y3J10B € MOAIIMITHUKAMH
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KavdyeHus
ge.]'[l) QﬁﬁOTb - U3YUYCHUC TUIIOBLIX Y3JIOB U OCHOBHBIX PCKOMCHI A~
LII/Iﬁ I10 IMMPOCKTUPOBAHUIO OIIOP BAJIOB HA INOJIIUITHUKAX KAYCHUSI.

KpaTtkoe onucanue THIOBBLIX CX€M OIIOP BAJIOB

[opmmumHanKYN KadeHus JOJDKHBI OBITh YCTaHOBIICHHI Ha Baly M B
KOpITyCce TaK, 4TOOBI 00ECTIeYHBAIOCH HEOOXOAMMOE painaIbHOE U OCEBOE
¢ukcupoBanue Bajna. Ilo cocoOHOCTH (UKCHPOBATH OCEBOE IMOJIOKEHHE
Bajia ONIOPHI PA3IEISIOT Ha MJIaBalolue U (PUKCUPYIOLIHeE.

[MnaBaromias onopa (puc. la) gomyckaer oceBoe mepeMelieHie Ba-
na B jr000M HanpaBieHun. Oukcupyromias omopa (puc. 10) ¢ukcupyer
BaJl, T.€. IPEAOTBPAIIAET €T0 OCEBOE MEPEeMEIICHHE B OHOM HaIpaBICHUU.
Omopa (puc. 1B) pukcupyeT Ball B 000MX HAINpaBICHUIX.

OceBble Harpy3KHu F, MOTYT BOCIIPHHUMATh TOJBKO (UKCHPYIOLINE OTOPHI
(puc. 16,B).

[pumeuanne. F, u F, - BAPHAHTHI OCEBOIl HATPY3KH, KOTOPYIO

croco0Ha BOCTIpUHUMATE (DUKCUPYIOIIAs OTIopa.

Tin
\\% ji

2 d b

1 — mockoe Npy>XKUHHOE KOJbBLIO; 2 — KOJbLIO-KOMIIEHCATOD;
3 — Habop MPOKIIAIOK

Puc.1
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1 ,2 — mIockoe NPy>KUHHOE KOJIBIIO; 3 — HA0OP MPOKIIAI0K
Puc.2

[Ipu BEIOOpE THHA MOMMIMITHUKOB AJIS TUIABAOIINX U (PUKCHPYIO-
IIMX OTOp CIEAYyeT YUUTHIBATh MX KOHCTPYKTHBHBIE ocoOeHHOCTH. Tak, B
IJIABAIOIINX OIOpax MPUMEHSIOT pauaybHBIE MIApUKOBBIE (CM. pHC. 1a)
WM POJIMKOBBIE (PHC. 2) MOIIIMITHUKH.

Ban B OonbIIMHCTBE Ciy4aeB yCTaHABIMBAIOT HA ABYX OMOpax, Ipu
9TOM B 3aBUCHUMOCTH OT KOHCTPYKITUH ITOAIIHITHUKOBBIX Y3JI0B BO3MOXKHEI
pa3iMYHBIE COYETaHMS TUIABAIOIINX W (UKCHPYIOUINX OIOp, T.€. pasziud-
HBIE CXEMBI YCTAaHOBKH BaJIOB.

Cxema 1. O0e onopbl mJ1aBaronye (cM. puc. 2).

JaHHy10 cxeMy NPUMEHSIOT B TeX Clydasx, Koria oceBas Qukca-
LM BaJla OCYIIECTBISAETCS KaKUMH-THO0 IPYTHMHU 3JIEMEHTaMU KOHCTPYK-
uuu. Hampumep, B HIEBpOHHBIX 3yO4aThIX Neperadyax OMOpbl OJHOIO W3
BaJIOB JIOJDKHBI 00ECTIEYHBaTh €0 CAMOYCTaHOBKY OTHOCHTENBHO JPYroro
Baa, 3a()MKCUPOBAHHOI'O OT OCEBBIX EPEMELICHUI. DTO BBI3BAHO TEM, UYTO
IIPH W3TOTOBJICHWH IIEBPOHHBIX 3yOUaTBIX KOJeC HEM30EKHBI MOTPENTHO-
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CTH YTJIOBOTO TOJIOKEHUA 3y0a OTHOTO TMOJYIIEBPOHA OTHOCUTENHHO 3y0a
Ipyroro mnonymeBpoHa. [lo 3Toit npuunHe NEepBOHAYATHHO B 3alCIUICHHE
BXOJIAT 3yObsl TOJILKO OJTHOTO TOJTyIIEBPOHA. Bo3HMKAOIIast MPH 3TOM Oce-
Basl CHJIa CMELIAET KOJIECO BMECTE C BaJOM BJIOJIb OCH IJIABAOLIUX OIOP 10
TOTO TIOJIOXKEHHMSI, KOT/Ia B 3allCTUICHUE BOMAYT 3yObsi OOOMX MOJYIIECBPO-
HOB. OceBas (huKcalus Bajia OCyIIECTBIISIETCS HE OMOPaMU, a IEBPOHHBIMHU
3yOBsiIMH KoJieca. 3/1eCh JIMIIHAS CBSI3b B BHJIE (PUKCHPYIOIIEH OMOPHI IpPH-
BeJia OBl K CTATHIECKON HEOMIPEICTUMOCTH CUCTEMEL.

Cxema 2. OnHa u3 onop GpUKCHPYIONIas, BTOPas - NJaBAIONIAs.

Quxcupyiomas ornopa QUKCHPYeT Bal B 000MX HaNpaBICHHUAX, U
MOKET CcOo/iep KaTh Kak oauH (puc. 3), Tak U ABa nmoamunHuka (cM. «XKyp-
HaJl TabOpaTOPHBIX 3aHATUIY, puc. 40). B kauecTBe miaBaromieit menecooo-
Pa3HO BBHIIOJHATH ONOPY, HATPYKEHHYIO MEHbIIEH paguaabHON Harpy3Koil.

7 -

ke

ZPRss

7 g i N

Z I
Puc.3

B Takom Buae cucTeMa ABISETCS CTATUYECKH ONPEAETMMON M MO-
XKeT OBbITh IpeACTaBiIeHa B BUIEC OaJKu C OJHON IIapHUPHO-HENOABIKHON
1 OJTHOM IIAPHUPHO-IIOABM>KHON ONOpaMu.

OceBble nepeMelieHNsl Bana B (UKCUPYIOLIEH Omope 3aBHCAT OT
COOCTBEHHOI'O OCEBOI'0 3a30pa B MOJIIMIHUKAX, CIIOCOOOB KPEMJIEHUs KO-
Jiell MOJUIMITHUKOB Ha Bajly W B KOpITyCe, a TaKk)ke OT COOCTBEHHOI 0ceBO
KECTKOCTH MOAIINITHUKOB.
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OCHOBHBIC TOCTOMHCTBA dTOHM CXEMBI:

- He TpeOyeTcsl TOYHO BBIEPKUBATh PACCTOSHHE MEXKIY OMOPaMHu,

YTO OCOOEHHO Ba)KHO MPU PACIOJIOKEHHUH OIOP B OTIENBHBIX KOP-

mycax;

- OMOpPBI MOTYT OBITH PACIOJNIOKEHBI HA JIIOOOM PAacCTOSHUH APYT

OT JpyTa, TaK KaK TeMIIepaTypHbIe WU yrpyrue aeopmaiuy Ba-

JOB OyIyT KOMITEHCHPOBATHCS OCEBBIMH IEPEMEIICHUSAMHU ILia-

BalOILEH OTOPHI;

- BBICOKAasl OCEBasl KECTKOCTh (PMKCUPYIOLIEH OMOpPHI, OCOOCHHO B

Cllyyae MPUMEHEHHS JBYX POJHMKOBBIX KOHUYECKUX WM ABOMHBIX

YHOOPHBIX NOAINIHUITHUKOB.

Henmoctatkom 3T0#l cXeMBI SBISETCS CIOXKHAS KOHCTPYKIIHS KPeTi-
JICHUS TOJUTUITHUKOB Ha Bajly U B KOpIIyce.

Cxema 3. O06e onopbl (hMKCHPVIONINE.

Kaxnas u3 onop ¢ukcupyeT BaJll B OJHOM HarpaBiieHuu. Pazmu-
4aroT cxeMsl "Bpacnop" (puc. 4a) u "BpacTsiKKy" (cM. puc. 40).

Cxema yCTaHOBKH Bajia "Bpacmop" KOHCTPYKTHBHO SIBIISIETCS HaW-
Oonee npocroii. OHA MIMPOKO MPUMEHSETCS IPU MAIIBIX PACCTOSTHUSX MEXK-
oy omnopamd. [Ipu GONBIIMX pacCTOSHUSAX MEXAy omopamu (Ansl pamgu-
ANMBHBIX IMAPUKONOMIIAITHUKOB  [/d = 8...10) mId WCKIIOYCHHUS 3a-
HIeMJIEHHS BaJla U3-3a €ro TeMIepaTypHBIX Aedopmarnii Heo6X0aUMO Tpe-
OyCMaTpuBaTh 3a30p Z MEXKIY KpBIIIKOW W HapyKHBIM KOJBIOM MOJ-
LIMITHHUKA.

[Ipu ycraHOBKe Bana "BpacTsKKy'" pacCTOSHUE MEXTy TOIIINITHH-
KaMH MOXXHO YBEIMYUTH (U paJuaibHBIX IMApUKOMOMIIWIHUKOB //d =
10...12), Tak xak TemmeparypHble AedopMaluy Bajla BELyT K YBEIUUCHHUIO
3a30POB B MOIINITHUKAX.

149



Z=p2.0.5

- . —q.

1- kpyrnas nuidneBas raifika; 2- MHOToJIamyaTas maiida

Puc.4
Kpemnjienue moJunmHNKOB HA BAJY U B KOpIyce

Haunbonee mpocTsle crmocoObl KperuieHHUs! MOALIMITHUKOB MpHMe-
HSIOT IIPY YCTAHOBKE BaJjla Ha JBYX (DHKCHPYIOLIMX Omopax (cM. cxemy 3).
B 3TOM city4aB BHyTpeHHHE KOJIbLIA TOAIIMITHUKOB YCTAHABIMUBAIOT HAa Baj
C YIOpPOM B €ro 3alUIeYyuKku (CM. puc. 4a) WIM B IUCTAaHIMOHHBIE BTYJIKH
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(cM. xypHan mabopaTopHBIX 3aHATHH, puc. 30). HapyxHbple KoibpIa mos-
LIMITHUKOB YCTaHABJIMBAIOT B KOPITYC C yIOPOM B KPBILIKY (CM. pHC. 4a)
uni OOPTHK, BBIOJIHEHHBIH B Kopmyce (cM. puc. 40) uiam crakaHe (CM.
«KypHan nabopaTopHBIX 3aHITHI» pHUC. 30).

B ¢ukcupyromux onopax ¢ IByCTOpOHHeW (uKkcaiuei Bana (CM.
CXeMy 2) BHYTPEHHHE M Hapy KHbI€ KOJbLA MOAIINITHIUKOB 3aKPEIUIIOT Ha
Baly U B KOPITyce€ C ABYX CTOPOH. BHyTpeHHHe Kosblia MOJIINITHUKOB YC-
TaHABJIMBAIOT HA BaJl C YIIOPOM B €0 3aIICYMK U KPEISIT ¢ JAPYroi CTopo-
HbI C TIOMOIIbIO TUIOCKOTO MPY>KUHHOTO KOJbIAa (CM. pUC. 3) WK pe3noo-
BBIX KpENeXHBIX aertaneil. Hanbonee yacto Ui 3TOro MCMONb3yIOT KpPYT-
JIble NIIUIEBbIe Taiku. [IJI HCKITFOUSHHS caMOIIPOU3BOJILHOTO OTBUHYMBA-
HUs (cM. puc. 2) raiika CTONOpUTCS MHOTOJIaIYaTo! 1mai6oii [1, muct 363].

Hapy>xHble KoNbIIa MOALIUITHUKOB YCTaHABIMBAIOT B KOPITYC (CM.
puc. 3) wim cTakaH (CM. «KypHaJl JTabOpaTOPHBIX 3aHATHN», pHUC. 40) C
YIIOPOM B UX 3aIUICYHK U 3aKPETUISIOT C APYTOH CTOPOHBI KPBIIIKOM.

B mnaBaromux omopax (cM. cxeMbl 1 U 2) BHyTpeHHHE KOJbLA
MOJIINITHUKOB 3aKPEIUIIIOT Ha Bajly C ABYX CTOPOH B LENSAX IPEAOTBpa-
LICHUS aBapHii, CBA3aHHBIX CO CIIyYaHBIM CXOJIOM IMOJIIUITHAKA C Baa.
Hapy>xHble Konblia paguaibHbIX [MAPUKOBBIX MOALIMITHUKOB B KOPITyce HE
3aKpeIIsIoT (CM. puc.la), a Ipu UCIOIB30BAHUH TOALIMITHUKOB C KOPOT-
KHMU [WIHHAPUYECKUMH POJIMKAMH - 3aKPEIUISIOT C IBYX CTOPOH (CM. pHC.
2). OTo nenaroT AJ UCKIIOUEHUS CaMOIPOU3BOJIBHOM pa30opKu MOAMINI-
HUKOB B PE3YJIbTaTe OCEBBIX MEPEMELICHUH KOJIbLIA.

Hpyrue crnocoObl KpemsaeHus! BHYTPEHHUX KOJEL MOALIMITHUKOB
MpeAcTaBiIeHk B padore [ 1, nmuct 363. puc. 4, 6, 8; muct 364, puc. 2, 5, 8);
CIOCOOBI KPEIUIEHHsI HApy>KHBIX KOJIel MOAIMNITHUKOB — [ 1, muct 365, puc.
2.7.8.9.101].

PeF!HHQOBaHI/Ie MNOAINMUITHUKOB

Jns HOpManbHOM paboThl MOJIIUIIHUKOB HEOOXOOMMO, YTOOBI B
HUX B IPOIIECCE IKCIUTyaTanus ObLTH 00eCTeYeHbl ONTUMAIIBHBIE Paiallb-
HbIi 3230p G,. 1 oceBas urpa o (0CeBo 3a30p).

PagnanbHple TOAMIMITHUKY M3TOTABIMBAIOT CO CPaBHHUTENBHO He-
OOJBIIMMH 3230paMH, TIOSTOMY TOCNie COOPKH y3JIla OHH MOTYT paboTarh
0e3 JIONOJTHUTENFHOTO PEryJINPOBAHUSI.

B paamanbHO-ymOpHBIX MOJIIUITHAKAX PErYJIHPYEMOro THIa Tpe-
OyeMble 3HaYECHHUS! PAAHANbHBIX 3a30poB G, 00eCHEUMBAIOT MYTEM pery-
JAMPOBaHMsI 0ceBOW Mrpel B mpenenax o = 0,05...0,15 MM npu cObopke y3mna
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(puc. 5). B aToMm ciryuae mpH 3KCIUTyaTaluy 3a CHYET Harpy3o0K M TeMmIiepa-
TYpHBIX AehopManunii 3a30p6l B MOJMIWITHUKAX OYIyT OJH3KH K HYJIIO.

J

NN

Puc.5

B 3aBucHMOCTH OT KOHCTPYKIIUH TOAIIUITHUKOBBIX y3JI0B PETryJIH-
pOBaHHE OCEBOI WIPHI OCYIIECTBISIOT IIYyTEM CMEIICHHS OJHOTO W3 KOJIeIl
MIOIINITHAKA B OCEBOM HAIPABJICHUH C TIOMOIIBIO CICAYIOIINX JeTaei:

- Habopa npokaaaok (cM. «KypHai 1abopaTOpHBIX 3aHATHIT», pHUC.
4a), yCTaHABIMBAEMBIX MEXIY KOPITyCOM W KPBIIIKOW, PEryJIMPOBOYHEIE
MIPOKJIAIKM M3TOTABIMBAIOT M3 JKECTH WM JIATYHU W UCIOJB3YIOT B BHUJC
Habopa CyMMapHOW TOJIIMHOM 1...2 MM; MpH 3TOM B KOMIUICKT BXOJSAT
npoknanku Tonmuuon 0,15; 0.2; 0,3 u 0.5 MM, 4TO HO3BOJIAET PErYIUPO-
BaTh OCEBYIO UTPY € TOUHOCTHIO 0,05 MM;

- pe3b0OBBIX IeTasleld; sl CMEIIeHNsT Hapy>KHOTO KOJbIIAa HCIIONb-
3YIOT PEryJIMPOBOYHBIA BHHT, Pa3MEIICHHBIA B KPBIIIKE, U HAKUMHYIO
maioy (cM. «KypHan 1abopaTOpHBIX 3aHATHID, puc. 20); IS CMEIICHHS
BHYTPEHHETO KOJIbIIA YaIlle BCETO MUCIOJIB3YIOT KPYIJIBIE IIIUIIEBEIE TalKHU
1; (cm. puc. 40); JaHHBIN CIOCOO PEeryIMPOBaHUs MPUMEHSIETCS B y3JaX, OT
OTIOP KOTOPBIX TPeOyeTCs MOBBIIICHHAS KECTKOCTb.

IlopsiioK BbINOJHEHHUS DaﬁOTbI

1. ITocne u3ydeHus: METONYECKUX YKa3aHUN U PEKOMEHI0BAaHHOM JuTEepa-
TYPbI JaTh OIMMCAaHUA TUIIOBBIX CXEM OIIOP BaJIOB.
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2. Jlyist MOAIIUITHAKOBEIX Y3JIOB, MPEACTABICHHBIX Ha puc. 1...4 u B «Kyp-
Hayle TabOpaTOPHBIX 3aHATHI», JaTh OMUCAHUE WX KOHCTPYKLHH, YKa3aB
IIPH 3TOM CJIEIyIOIIEe:

THUIIbI MOJIIUITHUKOB;

Kakasi U3 OIop SBJISCTCS TUIABAIONICH, a Kakas (PUKCUPYIOIICH;

TSt (GPUKCUPYIOIIMX ONOP HA PUCYHKE OTMETHTh BO3MOXHbBIE HAIIPABICHUS
JIEHCTBHST OCEBOM CHIIBI,

Kakas TUIIOBas cXeMa H300pakeHa Ha KakKJIOM PUCYHKE;

KakuM 00pa3oM (PUKCHPYIOT Ha BaIy U B KOPILyCE KOJIbIA MOIINITHHKOB;
TpeOyeTcs JI peryIupoBaHUE MOAIIUITHHKOB;

KaKHe JETalH CITyKaT JUId PEeryJINpOBaHHUS M KaKMM 00pa3oM OCYIIeCTBIIS-
€TCsl peryJIipoBaHue.

3. o yxa3zaHuIO MpenoaaBaTesss U3yYUTh KOHCTPYKLHIO OMOp OJHOTO U3
BAJIOB LIMWJIMHAPUYECKOIO WIM YEPBSIYHOIO PEAYKTOpA; yKa3aTh, KaKoOl U3
CXeM, MpeJCTaBIeHHbIX Ha puc. 1...4 "XKypnama mabopaTtopHbIx 3aHATHR"
COOTBETCTBYIOT OMOPHI; B CIyyae OTIMYUN B KOHCTPYKLMH OIOp Bajia pe-
OyKTOpa U OIOp, MPEACTABICHHBIX HAa COOTBETCTBYIOLIEM PHUCYHKE, OIU-
caTh 3TH OTJINYHSL.

KOHTDOJIbeIe BOIIPOCHI

—_

Kakue onopsl Ha3bIBAIOT MIABAKOIIUME, PUKCUPYIOIIUMU?

2. Kakue 0CHOBHBIE CXEMBI BaJlOB ¢ onopamMu Bel 3HaeTe?

3. B kakmx ciydasx MPUMEHSIOT BajJbl ¢ ABYMS IIABAIOIIAMH OIOpa-
mu?

4. KaxoBBI JOCTOMHCTBA M HEJIOCTATKHA BAJIOB C OJHOM IJaBaroOIIEl U
onHOM (huKcHpyromIeit onopoin?

5. KakoBbI JOCTOMHCTBA M HEJIOCTAaTKU BAJIOB C ABYMS OIOpaMH, Ka-

KIas U3 KOTOPBIX (PUKCHPYET OCEBOEC MOJIOKEHUE BAJIOB B OJIHOM

HarnpaBJeHUU?

6. IloueMy mnnaBarolledl cIEAYET BBINONHITH MEHEE HArpy>KEHHYIO
omnopy?

7. TloAmMNHUKY KaKUX THIIOB HEOOXOJUMO PEryJIHpOBaTh Mpu cOOp-
Ke y3na?

*

Kakwue crioco6s! perympoBKH MOAMMITHIKOB Bl 3HaeTe?

9. TIlouemy oceBast Harpy3ka, AEHCTBYIOIIas HA paJlalbHO-yIIOPHbIE
peryaupyemMble MOAIIMIHUKH, JOJKHBI OBITH HE MEHbIIE ONpere-
JICHHOTO 3HAYEHUS?
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NelS. JxkcnepuMeHTAIbHOE ONpe/ieJieHie MOMEHTA
CONPOTHUBJIEHUS B MOJMINITHUKAX KaYeHU s

[leab paboThI — ONPEAETUTH MOMEHT COTIPOTUBIIEHUS B IIAPUKOBOM ITOJI-
LIUITHUKE Ka4eHHs U UCCIIEI0BAaTh 3aBUCUMOCTh MOMEHTA OT Harpy3kH. I1o
JaHHBIM 3KCIIEPIMEHTAa PACCUUTATh MPUBEACHHBIN KOA((UIIUEHT TPEHUS B
MOALINIIHAKE U CPABHUTH CO CIIPABOYHBIMH 3HAYCHUSMU.

[MoamunHUK MApUKOBBIA paavalIbHBIM OMHOPSAIHBIN, puc.l, co-
JIEp)KAT HapyKHBIE U BHYTPEHHUE KOJIbIIA, IIAPUKH U Ceraparop, 1 pas-
HOMEPHOI'0 pachpeeieHus] UX M0 OKPY>KHOCTU Mexay Koiblamu. Ha mo-
BEPXHOCTH KOJIEI UMEIOTCSl JOPOXKKH KadeHHs, 0 KOTOPHIM IepeKaThIBa-
FOTCSI TeJla KaueHUS TIPH BPAIICHUHN OJTHOTO M3 KOJIEII.

P
B *

HAPY:KHOE

Puc. 1.

B Texnmdeckoil nmreparype MOMEHT COMpPOTHBIICHHUS BPAIICHUIO
oTpeeNsieTcs 1o YIpoIleHHOH Gopmyre:

d
];1011 = FrfE

rae F. - pamuanshas narpyska; f — npuBeneHHbIH KodhduumeHt
TpeHusl; d — BHYTPEHHUH JUaMeTp KOJblia MOALIMITHUKA (JHaMeTp Baja).

[Tonyuute Gosee TOYHYIO 3aBHCHUMOCTb HE INPEICTABISIETCS] BO3-
MOKHBIM H3-32 CIy4allHBIX OTKJIOHEHWH B paboTe MOJIIMITHUKA, HApH-
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Mep, U3-32 HeOOIBIIIOTO ITepeKoca KoJjel, aBTOKOoJIe0aHui MmaprukoB, O0KO-
BBIX M paIMAIbHBIX OMEHUH TOPOKEK KaueHHs U T.I. B moJo0HBIX ciryyasx
MIEPEXO/IAT K MOCTPOCHUIO YPaBHEHUSI PETPECCUU Ha OCHOBE DKCIIEPHMEHTA
U CTATHUCTUYECKOTO aHAJH3a PEe3yIbTaToB.

JlagopaTopHasi yCTAHOBKA
JInist ¥cCclieIOBaHUsl CTAaHAAPTHOTO PaJUATLHOTO MOANIMITHUKA JIeT-
koii cepun Ne 208 I'OCT 8338 — 75, puc.2, COIEPKUT IEKTPOIBUTATENb
Y KJIMHOPEMEHHYIO IIepeaady CO CTYIEHYAaThIMU IIKHBAMHU.

F
ITItok ana Cxkoba

H3MEHEHHS JUHAMOMETPHUECKAA
ypO,BHH I'onoBka
CMa3KH i ¢ TOAIMIHITHUKAMH
Ban MxuBLI
L NPUBOJHOU Iy
-l

Q00 |- T T B

l_] [7777 772277 1
}I [ JlBurarenn |
4
- \ [
Hunuuap f 4 ) I
cO cMa3Koit / .!; f
| I
MasdTHUK e
Puc. 2

UYeThblpe MOALUIUITHUKA YCTAHOBJICHBI B OOIIICH rOJIOBKE, U3 HUX JBa
CpeqHUX B 000WMeE Mo AMHAMOMETPUYECKON CKOOOW. MOMEHT CONPOTHUB-
JICHUS U3MEPSIOT 10 OTKJIOHEHUIO CTPENIKH MasTHUKA OTHOCHUTENBHO IITKa-
JIBI WJTU C TIOMOIIIBIO TEH30METPUUISCKHUX JATYNKOB (HA PUC 2 HE TTOKA3aHEI).
Harpy3ouHoe npucnocoOjeHre COCTOUT M3 BHHTA, MHAMKATOpPA U JIMHA-
MOMETPUYECKOH CKOOBI. YTIIOBasi CKOPOCTh BpallleHUs MPUBOTHOTO BaJa C
MIOANIAITHAKAMH MOXET OBITh M3MEHEHa IperoaBaTeieM 10 Hadaja dKC-
MePUMEHTA C TIOMOIIIBIO 3-X CTYNEHYATON KIMHOPEMEHHON Nepeaauu: 1y =
102 ¢! (955 06/muH), ny= 200 ¢ (1910 o6/mun), n3 = 300 ¢ (2865
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00/MuH). Bennunnay Harpy3ky F' Ha MOAMIUIHUKHN ONPEAETISIOT M0 Tapupo-
BOYHOMY I'paduKy CKOOBI, puc. 3 uiu o gopmyne (1)

12F L~ =

10 // :

6f — |

2f A :

1 N,aen

O [ ]

0 50 100 150 200 250 300
HOKaBaHHH I’[H,I[HKaTOpa
Puc.3

F=15993+4472N, H 1)

rae N — 9uciio AefeHui HHAnKaTopa, puc. 2.

Bennuuny cuiibl /7 ycTaHaBIMBAIOT BUHTOM 10 YHCIY JEJICHUI
HHAUKaTopa N.
Hanpuwmep:
mpu Ny = 50 menenuii, cuna F, =159.93+44.72( 50) = 2396, H npn
N, =75 nenennii, cuna F, =159.93 +44.72 (75) =3514, H
npu N3 = 100 pmenenmii, cuma F, =159.93+44.72 (100) =4632, H
npu N, = 125 nenennit, cuna F, = 159.93 +44.72(125) = 5750, H
npu N5 = 150 genennit, cuna Fy = 159.93 +44.72(150) = 6868, H

Pacnpenenenne Harpysku F' Mexay NOJUIMIIHUKAMU IIOKa3aHO Ha
puc 4

156



Puc. 4

[Ipu mpoBeneHHUU PKCIIEPUMEHTA MOMEHT COIPOTUBICHUS U3MEPs-
ercs AN 4-X NOIUINITHUKOB, pUC. 2, puc. 4:

T=4T,, = Ffd 3)
MomeHT COMMPOTHUBJICHUA OJHOI'O MMOAIIUITIHUKA paBCH
d 1
T.=Ff==-Ffd 4
nonm I'f 2 4 f ( )

f— npuseneHnslit ko3ddunuent tpenus; d = 0.040 M —TuaMeTp BHyTpeH-
HEro KOJIbLA MOIINITHUKA.

IIpu U3BECTHBIX 3HAYEHUAX MOMEHTa COMPOTUBJICHUS T, CHIIbl F U

muametpa d, 3 Gopmydsl (3) MOKeT OBITh HaliieH MpuBeneHHBINH KO3 hu-
LIMEHT TPEHHUS:

T
/=Fa ©

VYpoBeHb cMa3Ku /4 B HCIBITATEIBHOM TOJIOBKE, PHC. 2, yCTaHaB-

JTUBAETCS IMTOKOM JI0 Havyalla SKCIIEPHMEHTA TI0 YKa3aHHUIO Mpeno/iaBaTels,
HarmpuMep:

hy =5 MM — [0 TIOTPY>KEHHSI B Macj0 HIKHEH 9acTH HAPYKHOTO KOJIb-
[1a MOAIIUITHUKA,

h, =10 MM — 110 TIGHTPY HIKHETO IIapHuKa WIH POJUKA,
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h; = 15 MM - 10 TIOTPYXEHHS B Macjo HIDKHEH 4acTH BHYTPEHHETO
KOJIbIIA

I11aH SKCIIepUMEHTA.

3aBUCHMOCTh MIEPEMEHHOI OTKIMKa I (MOMEHTA COMPOTUBIICHUS
BpaleHrio 4-X MOJIIMIHUKOB) OT Harpy3ku F, (MM OT CKOPOCTH Bpalle-
HUS TIOAIIUITHUKOB /I, WIM YPOBHS CMa3KH /) MOXeET OBITh MOJy4YeHa OT-
JeNbHO JUIs KaKAOoro (hakTopa, Tak Ha3bIBacMble OJHO(PAKTOPHBIC JKCIle-
PUMEHTBI, WIIN U1 COBOKYITHOCTH (hakTOPOB — ABYX(aKTOPHBIE WIIH TPEX-
(aKTOpHBIE IKCIIEPUMEHTHI, HAIPUMEDP:

T=¢(F), T=9¢(Fn), T=y(Fnh)

B opHO(akTOpHOM SKCIEPUMEHTE HW3MEHSIOT YPOBHH OJIHOTO
(hakTopa, HarIpUMep HArpy3Ku F:

T, = ¢(F, =50 me.) T, = ¢(F, =100 nen.)
T, = ¢(F, =150 nen.)

B nByxdakTOpHBIX M TpeX(paKTOPHBIX 3KCIIEPUMEHTAX BEITHYHHY
MIEPEMEHHON OTKJIMKa ONPENEISIOT NIPH BCEX KOMOMHAIMIX YPOBHEH (ak-
TOPOB. W3-3a Tex miam MHBIX HOFpeHIHOCTeﬁ, KaXXa10€ U3MEPEHUEC NIPEACTAB-
aseT coOol cimyuaiiHyro BelM4YuHY. UYTOOBI MOBBICUTH TOYHOCTH, JKCIIE-
PUMEHT MOBTOPSAIOT HECKOJIBKO pa3 MpH OAHUX U TEX K€ YPOBHSIX (aKTo-
POB, T. €. BBITIOJHSIOT MTapaJUIeIbHbIC UCTIBITAaHUS (peIUHKN) B manHOU pa-
00Te HCHOJab3yeTcs OAHOPAKTOPHBINA AKCIIEPHUMEHT, C 5-.10 YPOBHSMH Ha-
rpy3kd F u 3-a permukamu R = {1, 2, 3} Ilo 3TUM IaHHBIM, COCTaBJIEH
IJIaH 3KcnepuMenTta, Tabn. 1. OOmee yucino ucnelTaHuid paBHO 15. Ha-
rpy3ka F' 3amana B neneHusx N MHAWKaTopa, puc. 2, popmynsl (1), (2)

Tabmura 1.
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[Tnan ogHO(AKTOPHOTO IKCIIEPUMEHTA JIJIsl MOMEHTA CONIPOTHBIICHHUS Bpa-

MIEHUIO 4-X MONIIAIHUKOB 1’

Iopsinox

HUCIIBITAHUU
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

YpoBenb

¢axropa F,
50
75
100
125
150
50
75
100
125
150
50
75
100
125
150

aeJl.

HUzmepen-

HBII

Mo-
meHnT T, Hm

—

IHopsaaoK BLIMOJHEHUS PAOOTHI

HcnpiTanus MPpOBOAATCA B COOTBETCTBUMU C IUIAHOM, Tabm.1.

OTKJIIOYNTH CTEH]] OT DJIEKTPOCETH.

BunTOM nMHaMoMeTpH4YecKOoil CKOOBI BBIOpPAaTh 3a30p M YCTAHOBUTH
WHAWKATOp HAarpy3Ku F' B HYJIEBOE MOJIOKEHUE.

YCTaHOBUTH CTPENKy MasTHUKA AJIs1 U3MEpEHHUs] MOMeHTa 1 B HyJleBOe
I0JIO’KEHUE OTHOCUTEIBHO U3MEPUTENBHON IIKaIbl. BrIBECTH MasTHUK
13 COCTOSIHUSA TOKOS U MPOBEPUTH YCTAHOBKY CTPENKH Ha HYJEBOW OT-
METKE.

[HoaxmounTh 1ab0PaTOPHYIO YCTAHOBKY K 3JIEKTPOCETH, HAXKaTh KHOII-
ky ITYCK u nate npopaboTaTs B TeYEHHE 5 MUH. BXOJIOCTYIO.

B cootBercTBum ¢ Tabn.l, BHHTOM TUHAMOMETPUYECKOH CKOOBI ycTa-
HOBHTH CTpeNKy mHaukaTopa Ha N = 50 men. (Harpyska F; = 50 mem. =
2,396 xH) Jate mpopabotats crenay 0,5-1 MuH., CHSITh MOKa3aHUS
CTpENIKU Ha W3MEPUTENbHOH IIKane MoMeHTa T W 3amucarh B Tabdid. 1.
(UcnpiTanme 1)

[ToBTOPHTSH 1. 5 TOCIEIOBATEILHO BBIMOJIHAS UCIIBITAHUS cO 2 10 15.
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BuHTOM nHAMOMETPHYECKON CKOOBI YCTAHOBUTH CTPENKY HWHIMKATO-
paua N=0 nmen.
Haxats kHonky CTOII 1 OTKIIIOUUTH CTEHA OT IEKTPOCETH.

KOHTDOJ’ILHBIC BOIIPOCHI

Kakue dakropsl, kpome Harpy3ku F, MOTYT BIHMATH Ha 3aBUCHUMOCTH
T=¢((F)?

Kak MOXHO IMOBBICUTH TOYHOCTH IKCIIEPUMEHTAIBHBIX H3MEPEHUN MO-
menTa T?

Kakwue mokazaTtenu onpenemnstoT TOYHOCTh YPaBHEHUS Perpeccuu?
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Nel6. Nzyuenne neMngupyrmmnx CBOUCTB YIPYTHX
Myt

[lesib paboOTHI - O3HAKOMIICHHE C IPUMEPAMH KOHCTPYKIMH U CBOMCTBAMH
My(]T; 3KCTIEpUMEHTANBHOE onpeaesieHne K03 puueHTa 1eMnpupoBaHus
yIpYrod My(QThl ¢ pe3WHOBOM 3BE30UYKON.

OcHOBHBIE CBOHCTBA YIPYTHX MY(DT

IIpuBogHBIe My()THI TIpegHA3HAYEHBI Ui TIepeAayvdl BPAIIAfOIIETo
MOMEHTa MEXJy BaJlaMH, SBISIOIIUMUCS MPOAOIKEHHEM OAWH JPYroro,
WA MEKAY BaJlOM M yCTAaHOBJIEHHON Ha HEM AETANIBIO (M ACTAISIMH),

Yupyrasg MmydTa COCTOUT U3 ABYX MOIyMy (T, COEMHEHHBIX OJHUM
WM HECKOJbKMMH METAIIIMYECKUMU WM HEMETAJUIMYECKUMH YIPYTUMHU
3JIEMEHTaMH, 32 CUeT AePOPMUPOBAHMSA KOTOPBHIX MPOUCXOIUT B3aHMMHOE
cMenieHne noayMydr. Bo3MoXHOCTE B3aMMHOTO CMEIIEHUs 00YCIaBINBa-
eT KPYTWIbHYIO TIOJATIUBOCTD PH HArpy>KeHWU MY(THI BpaIIaroliM MO-
MEHTOM U KOMITEHCAIINIO B3aUMHBIX CMEIIIEHUN COENHIEMbIX BaJOB.

Komnencupyromas cnocobHOCTh My(PTHI - 3TO CIIOCOOHOCTH COE/IH-
HSATh HECOOCHBIE BaJIbl. YMCIIOBBIE 3HAYEHHS CMEIICHNI BAJIOB OTPaHUIECHBI
JIOJITOBEYHOCTHIO YNPYTUX 3JIEMEHTOB U JONOJHUTEIbHBIMH Harpys3kamu
Ha Basbl CO cTOPOHBI MyPThl. C POCTOM CMELICHUII BAlOB yBEIHMYUBAIOTCS
neopManyy yopyrux 3J1€MeHTOB, BO3PACTAIOT HANPSDKEHUS! B HUX U, Clie-
JOBaTeNbHO, JOJITOBEYHOCTh YNPYTHUX JJIEMEHTOB cHWkaeTcs. Jledopmu-
pysICh, YIIpYTHe 3JIEMEHTHI OKa3bIBAIOT CHJIOBOE BO3/JEHCTBUE Ha BaJIbl, KO-
TOPOE BO3PAcTaeT C POCTOM CMEIIECHHH.

KpyTunpHy!0 ’K€CTKOCTh OLIEHHMBAIOT OTHOIIEHHWEM BpAIAIOIIETO
MOMEHTa T - K YTy ¢ OTHOCUTEJIBHOTO IIOBOPOTA MOIyMy T IIpU ASHCTBUU
MoMmeHTa 7. MydThI OBIBAIOT C MOCTOSIHHOM U C IEPEMEHHOM KECTKOCTSAMHU.
My®dTBI C TOCTOSIHHOW KECTKOCTHIO UMEIOT JTMHEHHYIO XapaKTEepPUCTHKY |
(puc. 1), a ¢ mepeMeHHO - HEMMHEHHYIO MITKYIO 2 WIIN HETMHEWHYIO JKe-
cTkyto 3. KpytunpHas xectkocTs nuHeHHBIX My¢T C = T /¢, a HenuHe-
HBIX - ipou3BogHas C = d7/d¢. Bennunny, oOpaTHYIO0 KpyTHIBHOH KeCT-
KOCTH, Ha3bIBAIOT KPYTHJIBHOH NOJATIUBOCTBIO.

161



KpyTtuneHast  ecTKOCTh
ynpyroi MyQTsl onpeaenser coo-
CTBEHHYI0O 4YacTOTy KoJjeOaHui
CHUCTEMBI, ITO3TOMY IPABHIBHBIN
BEIOOP JKECTKOCTH MY(TBI MOXKET
MIPEIOTBPAaTUTh BO3HUKHOBEHHUE B
MallMHE PE30HAHCHBIX KPYTHIIb-
HBIX KOJIeOaHWH M, TEM CaMBbIM,
3HAYUTENbHO CHU3WUTH JUHAMHYE-
CKHE Harpy3KH Ha JeTalHd MallWH.

Puc.1

Hemndupyromas crnocoOHOCTh - CHOCOOHOCTb YIPYTro My(QTbI
HeoOpaTuMO TOTIIomAaTh (paccenBaTh) MEXaHMYECKYIO IHEPTHI0, MpeBpa-
mas ee B Temio. JlemmdupoBanne crocoOCTBYET CHUKEHHUIO THHAMUYE-
CKMX HAarpy30K M 3aTyXaHUIO KOJeOaHWH CHUCTEMBI C ympyroii mydroii,
BO3HUKAIOIIUX IPH CHCTBUN BO3MYILIAIOLINX CHIL.

Ha puc. 2 npencrasnena
NETNISL THCTEpE3nca i JIMHEH- T
HOW My(TBl TOpu KoOJIEOAHMAX
BpaIamIero MOMEHTa OTHOCH-

TCJIBHO IMOCTOAHHOI'O 3HA4YCHUA T

To. Ha pucynke 0603Ha4€HO: ¢ - a ADV/ .

Yrojil OTHOCHTENBHOrO MOBOpPOTa Ty ey 4% Ay
noymMy (T 1pH AeHCTBHM MOCTO- T' A '
SHHOM cocTtaBusomed 7, Bpa- aly o

matormero Momenta, & ¢ - yron A0 AP
OTHOCHUTEIHLHOTO TOBOPOTa  I10-

nmymy(dT Tpu AEWCTBUU COCTaB-
nsmomeit A T Bpamaromero mo-
MEHTA.

Y
P,
Puc.2
Hemndupyronryto ciocoOHOCTh OIEHHWBAIOT KOA(P(PUIIMESHTOM OT-
HOCHUTEJBHOTO JIeMII(UPOBAHMS, TPEACTABIIIIONINM COO0M OTHOIICHUE He-

00paTHMO TOTJIOUICHHOW 33 LUKJI Harpy>KeHHUsI MEXaHU4YeCKOUW dHeprun Ap
K pabote ynpyroil nedpopmanuu Ay 3a 4eTBEpTh NEPUOA.
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DHEpProeMKoCTh - COCOOHOCTh MY(PTHI aKKyMYJIHPOBATh YHEPTHIO
npu IeOPMUPOBAHUU YNPYTHX DJIEMEHTOB. UeM BBIIIE SHEPrOeMKOCTb,
TeM Jy4ile MydTa criakuBaeT KoueOaHus: Harpy3KH.

Koncrpykuuu Myt

Mydta ¢ Topoobpa3HOH 00071049KOl (prC. 3) COCTOMT M3 OIMHA-
KOBBIX MonyMy(dT 1 1 6, COCMHEHHBIX PE3UHOBBIM WM PE3UHOKOPIHBIM
YOPYTHUM 3JIEMEHTOM 3, BBITIOJHEHHBIM B BUJIC TOPOOOpa3HOW 000JOUKH U
MMEIONINM paJinaibHON pa3pe3 st obierdenus cOopku. bopra o6omouku
MIPIKAMAIOT K (h1aHnaM morymy(pt HaKUMHBIMU KOJbIIaM# 2 U 4 ¢ TOMO-
b0 BUHTOB 5. [Ipu OonbIIMX 4acTOTax BpaileHuUs My(Thl yOpyTuil diie-
MEHT BBITIOJHSIOT 0€3 pa3pes3a, 4TO YCIIOKHSAET KOHCTPYKIHIO My ThL. B He
3akaToi (CBOOOAHOMN) YacTH OOOJOYKH IO ACHCTBHEM BPAIIAIONIETO MO-
MEHTa BO3HUKAIOT HANPSDHKEHHS CIBUIa, a B OOpTax 00O0JOYKHU - HaIpshKe-
HUS COKATHUS OT CHUT 3aTSHKKH BHHTOB.

Puc. .3
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MydTa nomyckaeT 3HaUUTEIbHBIE OCEBbIE, paAHaIbHbIE U YTIIOBHIE
CMEILEHHS BaJIOB.

MydTa ¢ KOHHYECKUM PE3WHOBBIM THCKOM (pHC. 4) COCTOUT U3
OIMHAKOBBIX MOMyMy(dT 1 1 6 M yIpyroro sieMeHTa, COCTOSIIETO, B CBOIO
ouepeb, U3 PE3MHOBOTO AKcKa 4, IpUBYJIKaHU3UPOBAHHOTO KOHHYECKUMHU
TOpLAMH K METAJUIMYECKUM KoJbLiaM 3 U 5. YIpPYrui 3JeMeHT KpenAar K
nomymydram BuaTamu 2. Konndgeckas ¢opma pe3nHOBOTO ITHCKa 00YCIIOB-
JINBA€T PAaBHOMEPHOE paclpe/ieSIeHUe HaNpsHKEHUM pe3nHe NMpu JeHCTBUU
Bpalammero MoMenra. MyQTta nomyckaeT He3HaYHTENbHBIC YIJIOBBIE U
panuaibHble CMEIIEHHSI BaJIOB.

1 2 3 4 35 6

-

Puc. 4

MydTa ¢ pe3nHOBO 3Be3/109KOH (pHC. 5) cocToUT U3 MOTyMyQT 1
U 3, TOpIEBbIC KYJIAaYKH KOTOPBIX BXOMAT MEXIY JydaMH Pe3NHOBOH 3BE3-
nouku 2. [Ipu mepenave Bpallaromiero MOMEHTa B KaKAyIO CTOPOHY pabo-
TaeT MOJIOBUHA JIy4el 3BE3/I0OYKHU, UCIIBITHIBAS HANPSDKEHUS cxatus. Myd-
Ta JIOIYyCKaeT He3HAUNTEIIbHBIC PaIHAIbHBIC U YIIIOBbIC CMEIIICHHUS BaJIOB.
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A-A

Puc. 5
Mydra ynpyras Brynouno-nanbiesas (MYBII) (puc. 6).

A-A

Tow

Puc. 6

Ha noxymydte 1 cBOMMH KOHMYECKUMHU XBOCTHKAMH 3aKPEIIIICHBI
nanelsl 2. Ha manenax 2 ycraHOBIEHBI pE3MHOBBIE BTYJIKH 3. B momymyd-
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Te 4 BBIMOJHEHBI OTBEPCTHS, B KOTOpPHIE BXOAAT MajibIBl C BTYJKaMH.
Brynku uMeeT kaHaBKH IJi1 YMEHbLICHUS kecTkocTu MyThl. [loa neiict-
BHMEM BPAIAIOLIEr0 MOMEHTA BO BTYJIKAX BO3HUKAIOT HAIIPSKEHUS COKATHS.

Mydra nomyckaeT He3HAUUTENIBHBIE PaAdalbHbIE U YITIOBBIE CME-
mieHus BanoB. OceBoe CMELIEHUE BaJlOB BO3MOXHO B IIPEJENIaX OCEBOTO

3a30pa MEXAY MOTyMypTamH.
Mydra co CTepKHIMH
(puc. 7) cocrout u3 omuHako- 1
BBIX monymydt 1 u 6, coenu-
HEHHBIX CTaJIbHBIMH LMJIUH]I-
pUYECKMMH  CTepXHIMH 4,
PACIIONIOKEHHBIMU TI0 OKPYX-
HOCTH B OTBEPCTHUSX IEpeMEH-
Horo ceueHus. CTepKHH MoO-
I'yT OBITh YCTaHOBJICHBI B OT-
BEPCTHUSX, PACTIONOKEHHBIX T10
OKPYKHOCTSIM IBYX pPa3sHbIX

nraMeTpoB (B ABa pasa). [11aiosr 2
U 5 TperoXpaHsioT CTEpKHH OT
BBINIAJIaHUSI U COBMECTHO C KOXY-
XOM 3 yIEepXKUBAIOT CMa304HbBIN
matepuain. [lpu Harpyxeann myd-
TBl  BpAaIAIOIIAM  MOMEHTOM
CTEp)KHH paboTaroT Ha u3rud. B
3aBHCHMOCTH OT (POPMBI TPOIOINb-
HOTO CEYEHUs OTBEPCTUH A
CTepKHE My(ThI MOTYT HMETh
MTOCTOSTHHYIO (BapHaHT a) Ha PHLC.
7) niaM TepeMeHHyIo (BapHaHT
6) Ha puC. 7) KECTKOCTH).

]
L
—
.
L
2

7 3

i

I
BapuwaHT a)

et

Vzzzzzz

BapuaHT 6)

Puc.7

Mydra gomyckaeT He3HAUUTEIbHBIC OCEBbIC, palualIbHbIE U YIIIO-

BbBIC CMCIIICHUS BAJIOB.

166



JKCHePUMEHTANbHOE HCCJICAOBAHNE KPYTHIBHOM KECTKOCTH YIIPYIOi
MY(]TBL
Crenn (puc. 8) craTUYECKUX HCIBITAaHUN yNpYrux MyQT Ha Kpy-
YEHHE MMEET COOCHBIE BaJbI 2 U 3, PACIIOIOKEHHBIE B HEMIOJBMKHBIX KOp-
mycax ¥ COCMHEHHbIC UCTIBIThIBaeMol MydToi 1. Ban 2 coenuneH ¢ xop-
ITyCOM HalpaBSIOIIEH IIITOHKOW, yIEepKUBAIOIIEH Bajl, HO JOIyCKaroLel
IepeMelIeHHE Bala BIOJb OCH.

mg

Puc. 8

MydTy HarpyaroT BpallaloIIMM MOMEHTOM, CO3JIaBacMbIM IpY-
3aMu 4, TOABEIICHHBIMA HAa TPOCHKE, HaBHUTOM Ha OapabaH:
T=mgR=m9,80,25=2,45m

rae 1 - Bpamaromuid MmoMeHT, H'M; m - Macca rpy30B, kr; g= 9,81
M/C - ycKopeHue cBoboaHoro naaeHus; R=0,25 m -panuyc 6apabana.

VYTon ¢ OTHOCHTENBHOTO MOBOPOTa MONYMY(PT H3MEPSIOT YCT-
poiictBoM 5 (cM. puc. 8), COCTOAIIMM M3 JBYX CTOEK, 3aKpeIUICHHBIX Ha
pasHbIX MONYyMy(Tax U HHANKATOPA YaCOBOTO THIIA, KOTOPBIM OIMPEACIISIOT
nepeMenicHue 4 (B MM) cToliku Ha paguyce R1=80 mm (puc. 9). Yron mo-
Bopota @ (mpu @< 6°) MOXHO OIPENEISATh IO MPUOIKEHHOW 3aBUCUMO-
ctu ¢=0,715h.
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Puc. 9

OOBEKTOM HCTBITAHUN B TaHHOH paboTe SABIAETCS MydTa C pe3u-
HOBOI 3Be310uKoi (puc. 5). Pe3une CBONCTBEHHBI SBICHUS TOJM3YISCTH U
peilakcannuu HaHpH)KeHHﬁ, IMO3TOMY BCJIIMYMHA TNECPEMCUICHUA IIPU 3adaH-
HOM Harpy3Ke 3aBUCHUT OT MPOJIOJKUTEIHHOCTH BO3ICHCTBHSL.

PaBHOBecne Mexay Harpy3koW W TepeMelleHHeM (paBHOBECHOE
COCTOSIHI/IG) JJId pE€3UHBI NPAKTUYECKHU HECIOCTUIKUMO. B cBsa3u ¢ 3THM OT-
PaHUYUBAIOTCSA OTPE3KOM BPEMEHH, [0 MCTEYCHUH KOTOPOTO yBEIUYCHUE
TIepeMeNIeHAs MaJl0 OTpakaeTcsl Ha pe3ybTarax dKCrepuMeHTa. B mpoBo-
IUMOH J1abopaTopHOi paboTe mepeMelnieHue /1 PEeKOMEHIYETCsS 3aMepsTh
yepes 30 CeKyH]T IOCIIe N3MEHEHMs BETUYHHBI MOMeHTa T.

IlopsiioK NPOBeaEeHHS DaﬁOTbI

1. W3y4ynth KOHCTPYKIMH MY(T MO METOIUYECKUM YyKa3aHMSM,
IJIaKaTaM U o0pasiiaM, IPOBO/Is MX HETOIHYIO Pa300pKy U cOOpKY.
[Tpu odpopmienun otuera B O61aHKe Ja00paTOpHON PabOTHI Ha pUC.
1...5 cnenyer:
a) MPOCTaBUTHh MO3WIMH Ha JeTaiu My(T, a Ha CBOOOJHOM II0JIe
CrpaBa OT PUCYHKa pacn(poBaTh UX 3HAUCHHE;
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0) Ha cBOOOIHOM ITOJIE CIIpaBa OT PHUCYHKA JAaTh KPaTKyIO Xapak-
TEPUCTUKY MYy(THI;

B) Ha CBOOOJHOM TIOJIE CIIpaBa OT PUCYHKA yKa3aTh, KAKOTO BHJa
HampsoKeHUS BOZHUKAIOT B YIPYTOM JJIEMEHTE MPH Harpy>XeHHH MY(THI
BpaIaroIIM MOMEHTOM, U H300pa3uTh SIIOPHI HATIPSKEHHH.

2. V3y4nTh KOHCTPYKIHUIO CTEHJA JUIS CTaTHUYECKUX HCIBITAHUN
My}T Ha KpydeHHEe IO PYKOBOJCTBY W TUTaKaTy.

[Ipu odopmiernn oTyera B O1aHKe 1a00paTOpHOM pabOTHI MpOCTa-
BUTh Ha pHC. 6 MO3ULUHU HA JETalIH U y3JIbl CTEH/a, 8 Ha CBOOOJHOM IIOJIe
HWXE PUCYHKA pacuIngpoBaTh STH MO3UIUH.

3. U3yuuth MeTOauKy TpoBeneHus 3kcnepuMenta. [pu odopmire-
HUM OoT4eTa B OnaHKe J1aOOpaTOPHOM PabOTHl KPAaTKO M3I0XKUTh METOIHUKY
MIPOBEIEHHS SKCIIEPUMEHTa Ha CBOOOTHOM I10JIe HHXKE pHC. 6.

4. Ha creHne momy4yuTh SKCIIEPUMEHTAIbHBIE 3aBUCUMOCTH YIila @
OTHOCHTEIHHOTO IMOBOPOTa MONyMy(T OT Bpamaroiiero MoMeHTa 7 MpH
HArpy»KeHUHM U Pa3rpyKeHUH. Pe3ynbraThl SKCIEepHMEHTa 3aHECTH B Tal-
JIMILY, UIMEIOIIYFOCS B OJIaHKe J1a00paTOpHOU PabOTHI.

5. Tlo pe3ympTaTaMm 3KCIEpPUMEHTa MOCTPOUTH TpapuK B OJaHKE
nabopaTopHOI pabOTHI Ha pucC. 7.

6. B 3akmoueHnu cienyer OTBETUTh Ha BOIIPOCHL:

a) KaKOW XapaKTePUCTHKOHN - TMHEHHOW, HENMMHEHHON MATKOH min
HEJTMHEWHO! KeCTKOH — o0aaeT nccnenyemas mydra?

0) obmagaer nu wWccieqoBaHHas My(Ta JeMIUPYIOMeH crmoco0-
HOCTBIO?

B) Ha OCHOBaHWUU KakKOW MH(OpMAIMU CIeNaH BHIBOJ O HAIUYHU
WU OTCYTCTBUU Y UCCIIETOBAHHON My(PTHI AeMII(UPYIOMIEH CITIOCOOHOCTH?

KoHTpoJLHBIE BOIIPOCHI

KakoBo Ha3HaueHue Myt npuBoga?

Kakne My dTsI Ha3BIBAIOT yIPYyTUMU?

KaxoBbI OCHOBHBIEC CBOHCTBA yIPYTHX MyHT?

Kakue HanpskeHHUs] BOZHUKAIOT B YIIPYTHX 3JIEMEHTAX U3Y4YEHHBIX
MyQT MPH HArpy>KeHUU MY (T BpaIarOIIUM MOMEHTOM?

5. Tlouemy mpum UCHBITAaHUAX YNPYTHUX My(PT C PE3WHOBBIMHU YNPYTH-
MU 3JIEMEHTaMU HE CJIeJyeT 3aMepsATh Yrojl 3aKpy4HMBaHHUS Cpazy
ocJie U3MEHEHH BpalllaloIero MoMeHTa?

169

halb ol e



Nel7. IkcnepMMeHTAIbHOE UCCJIeI0OBAHME
NpeIoXpPaHUTEIbHBIX My(T

[lesib PabOThI — 3KCIIEPUMEHTAIBHOE U3MEPEHHUE 3aBUCUMOCTH MOMEHTA
MepeaaBaeMoro MIapuKOBOW, KyJIaYKOBOH MK (PPUKIMOHHON My(TOMH OT
MPEeABAPUTEIHHOIO MOIKATUA IPYKUHBIL.

Puc.1.1 OOmwmit BUa cTeHa ¢ KOMITBIOTEPOM
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Puc.1.3.Crenn. Bun cooky.
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ABTOMAaTH3MPOBAHHBIN 1a00PaTOPHBIA KOMIUIEKC «/JleTann mammH - Myd-
TBI IPEIOXPAHUTEIILHBIC» BKIIIOYAET B CEOsL:

MePCOHANBHBIA KOMIIBIOTEp 1, MOIKIIOYaeMbIH K cucTeme cOopa
JaHHBIX U yIpaBieHus creHaom no HIB kabemnto;

OCHOBaHHME 2 C HECYIIMM KapKacoM M BHHTOBBIMH OINOpaMHU AJIA
YCTaHOBKH CTE€HJIa Ha TOPU30HTAIBHOI MOBEPXHOCTH;

3alIUTHBIN 4eX0 3 U3 MPO3pavHOTo IIIACTHKA,;

YaCTOTHBIN Mpeodpa3zoBaTens 4 It PEeryIUPOBKY YaCTOTHI Bpallle-
HUS IPUBOIHOTO MOTOP-PEAYKTOPA;

KHOIIKY 5 3aIycKa MPUBOAHOIO MOTOP-PEAYKTOPa;

KHOIKY 6 OCTaHOBKM ITPUBOJHOTI'O MOTOP-PEAYKTOPA;

TyMOJIep 7 BKITIOUCHUS TMTaHUS CUCTEMBI YIIPaBICHHUS;
MTOPOIIKOBBIM TOPMO3 & C IJIEKTPOMATHUTHBIM YIIpaBIE€HUEM;
U3MEpPUTENh 9 KPyTALIEr0 MOMEHTA Ha OCHOBE TEH300aJIKH;
MPUBOJHON MOTOp-peaykrop 10;

¢nanen 11 g nepenaun BpaleHus BeAyLeld 4acTH NOTyMY(THI;
BeAyas morymydra 12;

BegoMast monymydra 13;

npyxxuHa 14, obecrnieunBaromiast MopKaTHe NoIyMydr;

raiika 15 numneBast 17s OKUMA TIPYKUHBL,

KOHTpraiika 16 muunenas;

MOJIBIN Basi 17, NPUBOAUMEIN BO BpALICHHE BEJOMOM MOTyMy(TOIA;
railky M KOHTpraiky 18 mis KperuieHus: n3y4aeMoil My ThI Ha Baly
19;

Ban 19, mepexarommii BpameHue OT BEJOMOW MOMyMy(THl Ha IO-
POIIKOBBIA TOPMO3;

miata ALIT 20 L-card E-140 ¢ USB pazbeMoM i TIOJIKITIOUEHUS
k [I9BM (pa3beM Ha OOKOBOM TOBEPXHOCTH);

JaT4rKe 000pOTOB BEAYIIEH H BEAOMOH MOTyMy(]T;

ceTeBOU Kabenb ¢ BWIIKOM JUIS TOJKJIFOYCHHUS CTeHIAa K oxHO(da3-
HoH cetu nepeMeHHoro Toka 220 B 50 I'n.

YcTaHOBUTH HA CTeH TPeOyeMyio Myd Ty, Uil ITOr0:
- OTKpYTHTb raiiku 18;
- CHSTH YCTaHOBJEHHYIO My(]Ty ¢ Bana 19;
- ycTaHOBUTH TpeOyemyro MyhTy Ha Bas 19 COBMECTHB IIITOHOY-
HBIH 1123 B 0JIOM Baiy 17 co mmoHkamu Ha Baiy 19 (pucynok 1.6)
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M OTBEPCTHUs B Beayled noiaymydre 12¢ manbiiamu Ha ¢uanie 11
(pucynox 1.7);

- HaBEpHYTh raliku 18 «OT pykm», Mocie 4ero 3aTsSHyTh raiiky u
KOHTpPrauKy.

Puc.1.6. YcraHoBka My(pThI Ha Baj

Puc.1.7.YcranoBka My TsI Ha QraHel]
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Jna KynmauykoBOW M MIApUKOBOW My(THl HAHECTH Ha TPYIIUECS ITO-
BEPXHOCTH HEOOJBIIOE KOJIWYECTBO KOHCHUCTEHTHOW CMa3KH THIIA
«JIurom».

YcTaHOBUTH MUHUMAJIBHOE MOKaTHE NPYKUHBI 14, OTBEpHYB rai-
ku 15 u 16, mocne 4yero mpousBecTH 3aTsKKY raek 15 u 16 Bo
BCTPEYHOM HaIpaBICHUH.

3aKpBITh 3AIUTHBIN KOKYX U3 IPO3PaYHOro MIACTHKA.

BxomrounTs anekTponuTanue creHaa tymonepom «lluranme cucrte-
MBI yIpaBiceHus». [Ipu 3TOM B rpaduvyeckoM OKHE MPOrpaMMbI
3HauoK «CoeANHEHNE» OMKEH CMEHUTH IIBET C KPaCHOrO Ha 3elie-
HBIH.

[TpoBepuTh, YTO YACTOTHBIN MPeoOpa3OBaTeNb BKIIOYCH B PEIKUME
«Auto on» (IOMMHKEH CBETUTHCS CBETOAMOJ IO KHOIIKOH), pU He-
00X0MMOCTH MEPEBECTHU €T0 B 3TOT PEXHUM Ha’KaB KHOIIKY.
Bxi1rouuTh NpPUBOAHOW MOTOP-PEIYKTOP HAXaTHMEM KHOIIKH 5.
YCTaHOBUTh 4YacTOTy BpALIEHHsS MPHUBOJHOTO MOTOP-pEAyKTOpa
50 T'n Bpamas pyyky MOTEHLIMOMETpa Ha YaCTOTHOM PEryJSITOpE,
ygacTtoTa oToOpaxaercs Ha KK mucmiee Hag MOTEHIIMOMETPOM.
[MpousBectn HarpyeHue My(QTbl KPYTSAIIMM MOMEHTOM HaXKaB
KHOIIKY «3aIlyCK HCTBITaHHs» B OKHE mporpaMmsl. [lpu stom Oy-
JIeT MPOU3BEICHO IUIABHOE YBEIWYEHUE MOMEHTa A0 MAaKCHMAaJlb-
HOT'O 3HAYEHUS U MOCIEAYIOIIEE YMEHBIICHUE.

BBIKTI0YNTE IPUBOAHON MOTOP-PEAYKTOP Ha’KaTHEM KHOIIKH 6.
CoxpaHHTb MOJTy4YEHHBIE TIPOTPAMMOM TaHHBIE.

. BRIKITIOUNTE TUTAaHUE CHCTEMBEI yapaBJICHUA CTCHIA, BBIUTH U3

MIpOrpaMMBl.

ITocaenoBaTeJbHOCTh BLINMOJHEHNS PA0OTEIL.

N3yunTh KOHCTPYKLMIO MPEIOXPAHUTENBHOU KYJAUKOBOM, IIapH-
KOBOW M (puKIMOHHONW MydT mo puc.2.1, puc.2.2, puc.2.3 u pe-
IBHBIM MYy pTaM.

BrurrounTh KOMIBIOTED, JOXKAATHCS 3aTrpy3KH ONMEPAaMOHHON CHC-
TEMBI.

3amycTuTh mporpaMmy ymnpasiieHus creHaoM «JIM MID»
BrurounTs anexkrponuTtanue creHna tymbiepom «l[lutanue cucte-
MBI yrpaBieHus». Ilomoxknmates 5-10 MHHYT Uil TIporpeBa dJeK-
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10.
11.

12.
13.

14.

15.

16.

17.

TPOHHBIX KOMIIOHEHT CHCTeMBI m3MepeHus. HaxxaTs B mporpamme
KHONKY «bagaHcupoBaTe MOMEHTY.

VY cTaHOBUTH MUHUMAJIbHOE TOJKATHE TIPY>KHUHEI 14, OTBEpHYB raii-
ku 15 u 16, nocne yero npou3BECTH 3aTSKKY raek 15 u 16.
3aKpbITh 3alIUTHBIN KOXKYX U3 IPO3pPavyHOro MIacTUKA.

[IpoBepuThb, YTO YaCTOTHBIN MpeoOpa3oBaTeNh BKIIOUEH B PEXKUME
«Auto on» (OOKEH CBETUTHCA CBETOOMOA IOJA KHOIKOH), IpHU
HEOOXOMMOCTH IIEPEBECTH €TO B 3TOT PEKUM HAXKaB KHOTIKY.
Bx1r04uTh NPUBOJHOW MOTOP-PELYKTOpP HaXXaTHEM KHOIIKHU 5. Yc-
TQHOBUTh YAacTOTy BpPAILICHHUs [ABHUraTeias INPHUBOJHOIO MOTOp-
penykropa 50 I'mr Bpamas pydyky IMOTEHITIOMETpa Ha YaCTOTHOM
perynsTope, yactota oTobOpaxaercs Ha KK nucriiee Haj moTeH-
LIUOMETPOM.

IIpousBect HarpyxeHue My(QTbl KPYTSAIIUM MOMEHTOM HaXKaB
KHONIKY «3alyCK HCIBITaHUS» B OKHE mporpaMMebl. [Ipu atom Oy-
JET MPOMU3BEACHO IUIABHOE YBEIMUEHHE MOMEHTa [0 MAaKCH-
MQJIBHOIO 3HAYeHWs M MOCiIedylollee yMeHblleHue. BoiopaTs
uia oToOpaskeHus! Ha TpaduKe 3aBUCHMOCTH MOMEHTA, IepeiaBae-
MOT0 My()TOH OT BpEMEHH.

BBIKTI0YNTE IPUBOAHON MOTOP-PEAYKTOP HaKaTHEM KHOIIKH 6.
CoxpaHUTh TOJy4YeHHbIE NMPOTPaMMOMN NaHHBIE. 3amvcaTh 3Hade-
HUE KPYTSAIIEr0o MOMEHTA, P KOTOPOM MPOU30LILIO pa3beANHEHUE
My}ThL, B TabaUIy 2.1.

OTKpBITh 3aIIATHBIA KOKYX U3 IPO3PAvYHOrO IIIACTHKA.

OcnabuTh B3auMHYIO 3aTsDKKY Taek 15 u 16. 3aBepHyTh raiiku Ha 2
MOJIHBIX 000POTa, YTO COOTBETCTBYET YBEIHMUCHHIO TIOKUMA TIPY-
’KuHBI Ha 52 H, mocie yero npou3BecTH 3aTsDKKY raek 15 u 16.
IToBTOpHTH AeiicTBUA MO MyHKTaM 6-13 MATH - MIECTH pas.
IToBTOpUTH AeiicTBUs MO MyHKTaMm 5-14 1 4acTOTHI BpallleHUs
JBUTATENs MPUBOAHOTO MOTOp-peaykropa 30 .

BBIKIIOUNTE NMUTaHWE CHCTEMBI YIPABICHHS CTEHIA, BBINTH W3
MIPOrPaMMBlI.

[lo manubM B Tabmuue 2.1 mocTpouTh rpaduKd 3aBUCUMOCTH
MaKCHUMAaJIbHOTO II€PEAaBaeMoro My hToi KpyTALIEro MOMEHTA OT
BEJIMYMHBI MTOJDKATHA MIPYKHUHBI TS IBYX 9acToT BpameHus. Cue-
JaTh BBIBOJIBI.
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Puc.2.1 KynaukoBas mydra

A0 i ]—M

Puc.2.2. [llapukoBas mpeaoxpaHuTenbHas Mypra

§%mmm@®

LSS

Puc.2.3.®puknmonnas mydra

Tabnuua 2.1. [IpoTokon ucnbsiTannit
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YacroTa BpameHus BeAyIend noayMmy sl = 00/MUH

VYcunne nomxkuMa npysxussl, H

[TepenaBaemsiit MoMeHT, Hxm

YacrtoTa BpaleHus BeayIied noayMmypTsl = 00/MUH
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