HAYYHO-TEXHUYECKOE MNPEANPUATUE OUN"

[Mporpamma pacyeTa
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OnuncaHne npumepos

CaHkT-lNeTepbypr 2004r.
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Hayuno-mexnuueckoe npeonpusmue "J{UII" svipasxcaem Bam brazooaprocms
3a npuobpemenue npoecpammsl 3eHum-95 u Hadeemcs Ha OanvbHeluee YCneuHoe u
NJ1000MEOPHOE COMPYOHUUECMBO.



AuHHoTranus

IIpennaraemast mporpamMMa NpeJHAa3HAuY€Ha [UIl BBINOJHEHHS IPOEKTHBIX W HAYYHO-HCCIIENOBATEIbCKUX
pacdeToB  pa3HOOOPa3HBIX  IPOCTPAHCTBEHHBIX  KOHCTPYKIHMH, MEXaHH3MOB, IIPHBO/IOB Ha IEpCOHATLHBIX DBM
METOZIOM KOHECYHBIX 3JEMEHTOB Ha TepcoHAIbHBIX OBM B omepanuonHoi cucteme Windows-95 .

[Iporpamma obecrieynBaeT penieHue CeyOINX 3a1ay:
- pacuer nedopmanuii ¥ HalpsHKEHUH B MPOCTPAHCTBEHHBIX U JACTASX IPH
CTaTUYECKOM Harpy>XeHUH;
- pacdeT napameTpoB JBXEHUs, AehopMalii U HANPSHKEHHH B IPOCTPaHCTBEHHBIX
KOHCTPYKIMSX M JETaIAX NPH JMHAMAYECKUX MEPEXOAHBIX MPOIEccax;
- pacuer 4YactoT M (OpM COOCTBEHHBIX KOJIEOAHWH MPOCTPAHCTBEHHBIX  KOHCTPYKIHUN U JeTaiei;
- OTIpeZIeTICHHEe WHEPIMOHHBIX XapaKTEePUCTUK KOHCTPYKIMHA W 3BEHBEB CIOXKHOU
(dhopMBI;
- pacyeT HaNpsDKEHUH B 3BEHBSIX CII0KHON (OPMBI 110 TMHAMUYECKUM Harpy3Kam.

B nanHOM JOKyMeHTE IPUBENEHBI KPaTKHE OMHMCaHUsl MPUMEPOB, TIOCTABIISIEMbIX C porpamMmoii. [Ipumepst
HOCAT MCTO}II/I‘ICCKI/Iﬁ XapaKTep U NpCaHasHA4YCHbI Ui WITIOCTpallu NPUMCHCHUA DJICMCHTOB U KOMaH/. HpI/IMepBI
MIOCTABIIAIOTCS. Ha MAIIMHHBIX HOCHTENSAX U TOCIE YCTAHOBKH MPOrpaMMbl pacrnojaratorcs B aupekropun ZENIT 95,
CO3/1aBaeMOll MPOTpaMMOll yCTaHOBIIMKOM. IIpHBOAMMBIC MpH ONMHMCAaHWU MPUMEPOB BpPEMEHA pEHICHHUS 3aaad
MTONTyYEeHBI TPU MCIIONB30BaHIH KOMIBIOTEpa ¢ IpomeccopoM Pentium ¢ TakroBo# wactoroit 166 MIm u ob6pemom
orepatuBHON mamsATH 32 MO6. Bce m3o0pakeHMs, NpeNCTaBICHHbIE Ha PUCYHKaX, MpPU H3TOTOBJICHUH JIAHHOTO
JIOKyMEHTa MOJIy4eHbI M3 IPOrpaMMbl IyTeM oOMeHa depe3 Oydep nmo komanne "Ckomuposarh B Oydep" H3 MeHIO
"daiin" ¢ mocnenyromeit 00paboTKoi cTanaapTHHIME cpencTBamMu Windows-95.
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1. Cratuka

1.1. Kapkac cTpouTenbHOM KOHCTPYKIUU

[Ipumep pacmonoxex B ¢aitne Anrap.zna . OTkpoiite daitn n mogaiite komanay "BriBecTn m300paxkenue" n3
MeHI0 "TpocMOTp - Tpaduka"'. YCTaHOBHTE CHCTEMY KOOPAMHAT BO BTOPOE IIOJIOKEHHEHA Ha TAHETH YCTAHOBKU
HavYaJIbHOTO MOJIOXKEHHSI CUCTEMbI KOOpIUHAT (yCKOpHUTENb Alt+2) 1 MOBEpHHUTE ee Ha OJIMH LIar BJIEBO M BHU3. OOmmid
BUJ H300pa’KeHUsI MOJISITH, BBIBEACHHOW MPOrpaMMOil TIociie STHX KOMaH, MpeacTaBiieH Ha Puc.1.1.

EEEEHTWPEEKI Pacuer HapHaca CTPOMTENEHON ROHCTPVREIFM

Puc.1.1.M300pakeHre KOHEIYHO-3JIEMEHTHOH MOJICIH, BBIBECHHOE IIPOTPAMMOH.

ITonmaiite koMaHy Ha BBIIOJIHEHHUE pacueTa NMepeMeIleHui noa AedcTBUeM CTaTHYeCKON Harpys3ku. Bpems
pacdyera 6 cexyHA. 3areM OIATh IOAaiiTe KomaHay KoMannay "BeiBectn uzoOpaxkenme" u3 mento "[Ipocmotp -
I'paduka". B mento "I[Ipocmotp" momaiite komanay "BriOpath nepemeinenus”, a B JUalIOrOBOH MaHENN YKaXKHTE B
Ka4yecTBe THUIIA IEPEeMELICHHs - IepeMelIeHHss OT CTAaTUYeCKH NPHIIOKESHHONH Harpy3KH, CIOco0 OTOOpa)KeHUs -
HAJIOKEHUEM, a MacIITaOHBIA K03(pPHUIINEHT IYCTh OIPEAEITINT IPOorpaMMa.

B menro "mpocmotp - rpaduka"’ momaiite komaHmy "mokasaTh mepememieHus". IlomyueHHOE H300paskeHHE
MOJIETI C HAJIO’KEHHBIM CMELIEHHBIM COCTOSTHUEM TIpezicTaBieHo Ha Puc.1.2.
[ToBTOpHO MoOnaliTe KOMaHy "MOKa3aTh MEPEMENICHUS " ISl OTMEHBI X BBIBOJA HA 3KPaH, a 3aTeM KOMaHAY

"BBIBECTH HampspkeHust (Myap)" " u3 MeHio "mpocMoTp - rpaduka’. B okHe oToOpasuTcs KapTHHA pacrpeeieHUs
HaMpsKEHUH B 2JIEMEHTAaX.
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JbHMeHTaImLI

= FacueT Hapraca CTHOMTeNEHON KOHCTDVEITI
OCeH I'CKE b B 13

CrariuiecEMe OedopMAITIOHHEE ITeheMele I .

Z

Puc.1.2.1300pakeHre KOHEYHO-3JIEMEHTHON MOJIEIH, C HATIO)KEHHBIM CMEIIICHHBIM COCTOSHUECM.

[Tonaiite kOMaHIy Ha BBIUHCICHHE pacdeTa 4acToT W GopM cOOCTBEHHBIX KojieOaHmil. Bpems pacdera 19
CeKyH[. 3aTeM OITh MOoAalTe KOMaHAy KoMmaHny "BeBectu m3obOpaxenune. B menio "IIpocmotp" momaiite komaHIy
"BeiOpars mepememieHusa'', a B JHAIOTOBON TaHENIH YKAXKUTE B KadecTBE THIIA IepeMemieHus - 1-10 dopmy
COOCTBEHHBIX KOJICOaHMIA, CIIOCOO OTOOpakeHHUS - HAJOKCHHEM, a MACIITa0HBIH KOA(QQHUIHMEHT ITyCTh OMPENeITUT
nporpamma. Tak Kak Harpy3kd He BIMSIIOT Ha (OpMBI KoJieOaHMH, TO MX OTOOpaXXEHHUE LEeNecO00pa3HO OTMEHUTD.
OTMeHuTe, TakxkKe, BEIBOJ OCEH SKPAaHHOW CUCTEMBI KOOPAUHAT. ODTH KOMaH/bI PacloiokeHsl B MeHI0 "Buaumocts". B
mento "TIpocmorp - I'paduka" monaiite komanay "mokazarb nepemeitnenus”. IlonmydeHHOe M300payKeHHE MOJEIH C
HaJIOKEHHBIM CMEIICHHBIM COCTOsIHHEM TpejcTaBieHo Ha Puc.1.3. 3arem mopaiite komaHay "...Ha cleayromiem mare"
3 meHo "Ilpocmotp - I'padmka". B pesynprare B KadecTBe NepeMelleHHi OymeT BbIBeleHa CieAyromas Gopma
konebanuii. IlocnenoBaTensHO moaBasi 3Ty KOMaHAY IPOCMOTpUTe GopmMbl Konebanmii. Ix B manHOH 3amaue 12. Ota
BeJIMYMHA YKa3aHa B 3alMcH Tuna 91, B yeM MOXHO YOEAHThCS MPOCMOTPEB COAEPKUMOE 3TOH 3alncH M0 KOMaH/e
"...BeIOopouHbIii mpocmotrp" w3 MmeHro "[Ipocmorp - Teker". B kauectBe mpumepa Ha Puc.l.4. mpencraieHa
n300pakeHre MOJIEIH C HaJIOXKEHHOH BOcbMOW (hopmoii konebanuid. CremyeT UMeTh BBHIY, YTO B TEKCTOBOM BH/IE
TeKkymmas popmMa KosebaHuii MOXKeT ObITh IpocMoTpeHa 1o komanae "Ilepemenienus" u3 menro "[Ipocmorp - Teker".

Hwxe npuBeneHa tabiuia yactot KojeOaHuil, BbiBeleHHAs 10 KoMan e "Tabiauia coOCTBEHHBIXYACTOT" U3
MeHto "TIpocmotp - Texct".

Ne  cOOCTBEHHBIC YaCTOTHI
n/m 1/¢c repi
1.588¢+001  2.527e+000
3.558e+001  5.663e+000
3.761e+001  5.986e+000
3.895e+001  6.200e+000
3.986e+001  6.344¢+000
4.053e+001  6.450e+000
4.602e+001  7.325e+000
4.633e+001  7.374e+000
5.254e+001  8.362e+000
10 5.288e+001  8.416e+000
11 6.333e+001 1.008e+001
12 8.498e+001 1.352¢+001

O 0O\ N = W —



JbMeHTarnLa
oceri  I'CE .
Pacuer HapRaca CTHOMTEIEHOM KOHCTRVELDDI
Z 1 -3 dopMa Romefaimmdal ¢ gacToTol £=Z2.527e+000 T
b4 T

Puc.1.3.300paxxeHne KOHEYHO-2JIEMEHTHOH MOZIENH, C HaJI0)KEHHOH BOCKMO# (hopMoit koneOaHuH.

ObMeHTAITIT
ocelr ICE .
PacyeT Rapraca CTPOMTENBHOM KOHCTRVEIIMML
z 4 -g tfopma Romefarngi ¢ "acToTol £=6.200e+000 I
x T

Puc.1.4.300paxxeHne KOHEYHO-3JIEMEHTHOM MOIEIH, C HaJIOXKEHHOH 4eTBepToil (hopmoii konebaHui.



1.2. Moct

[Ipumep pacnonoxeH B daitie Moct.zna . OTKpoiiTe (aiin u nojaite komanay "BreiBecT n300paxenue" u3

MCHIO "l'[pOCMOTp - I‘pa(l)I/IKa". B menio BUAUMOCTb YCTAHOBUTEC MPO3PAYHOCTb U BbIBOJ BUJWMBIX Y3JIOB TOYKaAMMU.

Ycranosure CUCTEMY KOOPJUHAT B IECPBOC IIOJIOKCHHUC Ha MAaHCIM YCTAaHOBKMW HAYAJIBHOI'O ITIOJIOXKCHHSA CHUCTEMBbI

koopauHaT (yckoputesb Alt+2) W NMOBEpPHHUTE €€ HA OAMH IIar BJICBO M BHHU3. 3aTeM OTMEHHUTE BBIBOJ TOYKAMHU H

MPO3pavHOCTh. Takas MOCIeOBAaTENFHOCTh ICHCTBUH IernecooOpa3Ha ais OONBIIMX MOJAETCH, TaK KakK ITO3BOJSET

OOmmii BUI

HE Tparsd €ro Ha IIOAAaBJIICHHUE HEBUAWUMBIX JIMHUW IIPU KaXXIAOM IIOBOPOTE.

COKOHOMHUTL BpEMH,

Puc.1.5.

. BLIBCHGHHOﬁ nporpaMmMou IoOcCJIC 3TUX KOMAHM, IMMPECACTABJIICH Ha

I/1306pa>KCHI/I$I MOOCIIN

I'CE

OBMeHTAITT
Ocer

Mocr, TecTokas sagada

Puc.1.5.KoneuHnosaeMeHTHAsE MOZEIL MOCTA.

Pemmre
[IpocmoTtpute

W 0 Macce CHIION TSHKSCTH.

Bpemsi pemenus 11 muH.

Mopgens conepxut 6264 y3na U HarpyxeHa paBHOMEPHO paclpeaesieHHO

3a7ady ONpENeNICHHUs IEPEMENICHUI MpPU CTaTUYeCKOM HarpyKCHHH.

HaIMPSKCHUA B PA3JIMYHBIX CCUCHUSAX.

Pemmre 3amauy ompemencHHs COOCTBEHHBIX YacTOT. Bpems pemeHumst 16 mmH. Kak w B mpenmpimymmx 3agadax,

MPOCMOTPUTE (HOPMBI KOJICOAHUIA.



1.3. 3amaqga Jlame

PaccmarpuBaemblii puMep MNpeHa3HAYEH MJS WIUTIOCTPAIlMM BO3MOXKHOCTEW PEIIeHHs] OCEeCHMMETPUYHBIX
3aJ1a4 C MCIOJIb30BaHUEM O0BEMHBIX KOHEUHBIX dJIeMeHTOB. [IpuMep pacnonoxensl B daiine-Jlame.zna;

B daiine conepxxarcs ase moaenu. OfHa — ONMUCKHIBACT Y4 ceUeHUs] TPYObI, BTOpas — CErMEHT TOJIIMHON B |
anemenT. O0e MOJIE/IM HArPY>KEHBI JaBICHHEM Ha BHYTPEHHEH MOBEPXHOCTH TPYOBI. JIJIsl MepBOi MOJEIH 3alpeIieHbI
TIepeMeIIeHIsI TI0 HOPMAaJH K KOOPIMHATHBIM TUIOCKOCTSIM, a I BTOPOW — B TAHTEHIUAIEHOM K oci OZ HampaBJICHUH
B IUTOCKOCTSIX, OTPaHMYMBAIONINX cerMeHT. Kak BuaHO u3 puc.l.6. o0e Momenu MalOT MPAKTHYECKH OJUHAKOBBINA

pe3ynbTar.

ODﬂEHTauma

ocel TCKE
CTaTHMeckREe OedopHMaIRoHHEE IepeMelleHIA.

23ii - MHTEHCHMEHOCTE HaIpTieHHA, Mla

(=)
— ~ = = — ~ 38} 3] SV}
THT THTHY e B B
= [ =) [=) =1 [fu] (] 58] = i
[ =] ) = o [ ) =] = [+
m m m m m m m m m = b
+0+ +@+ +tW+ +@+-H+
(] () [ [ (] () (] [ [ ]
(] () [ [ (] () [ [ [y o &)
] () (=) (=) ] () ] (=) [yl i

[=n) \o
[ o
[ (]
m m

| 1
[ (]
[ (]
.

Puc.1.6. Mogens ans pewenus 3agauu Jlame:
a — pacrpeielICHUE HAMPSDKCHUIA B MOJICTISIX; 6 — OOIIMIA BUI MOJICIICH.
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1.4. JIBmkymiasics Harpy3Ka

[Mpumep pacnonoxex B ¢aiine J[Brxymascs Harpyska.zna . OOumid BUI H300paXKeHUS] MOJIEITH, BBIBEIEHHOTO
nporpamMMmoil , mpencraBiaeH Ha puc.l.7. Ilpumep mnpenHasHaueH A8 MUIIOCTPALUU HCIOJIB30BaHUS IUIOILAJ0K
MepeMeIaloIuXcsl Harpy30K NpH pacderax Jedopmanuii moj AeHCTBHEM CTaTHUECKHX Harpy3ok. M3 pucyHka u
aHanm3a Habopa JaHHBIX BUAHO, YTO y3JIaM, ONPEIEISIONINM MTOJI0KEHHE TUIOMAAKH, 3a1aHbl TOCTOSHHBIE CKOPOCTH, a
B 3aIlUCH JAaHHBIX [UIA PEUICHUs 3a/ad JUHAMHUKH yKa3aHO, YTO IEPEMEIICHHUsS] CUUTAloTCa ManbiMi. Ecmm B (aiine
OTCYTCTBYIOT PE3yNIbTaThl PEHICHHS 33/1a4d, HEOOXOIMMO MOJAaTh KOMAHAY PacdéTa IMEepeMEeICHU NPHU CTaTHIECKOM
Harpy)KeHWH TIpH HM3MEHSIONIMXCS BO BPEMEHH Mapamerpax. [Ipu mpocMoTpe pe3ylbTaToB B KOMaHJIE BBIOOpa
NepeMeIIeHnH CllelyeT yKa3aTh MacIITaOHBIH KO03((HUIMEHT paBHBIH 1, W cnoco® BbIBOAA IEpEeMEICHHUH - ITyTEM
cMeleHus y310B. Jlagee MOKHO MPOCMOTPETh NEpeMEIeHNUs U HAIPsSKEeHUs B pa3IHMUHbIC MOMEHTHI BPEMEHU.

OhMEHT AT

oceft I'CK .
TIpMMep OIDICAHM_Iep eMeNEANERcT HATpySRM_

Z

Y\\ /X

Puc.1.7. Ilpumep ¢ nepemeraroieiicss Harpy3Kou.
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2. lunamuka

2.1. MexaHu3M 3KCTpPaKIUU FMIIb3bI

[Mpumep pacmonoxen B (aitne BboIOpackiBaTenb.zna . OTkpolite Qain n nopaiite komanay "BeiBectn
n3o00pakeHue" U3 MEHIO "MPOCMOTP - Tpaduka’. Y CTaHOBUTE CUCTEMY KOOPAMHAT BO BTOPOE MOJIOKCHUE HA Ha MAHEIN
YCTAaHOBKH HAa4yaJIbHOTO IOJIOKEHUSI CUCTEMbI KoopAnHAT (yckoputesb Alt+2) u moBepHUTE ee Ha OJIMH ILar BIPaBO U
BHU3. OOmmit BUA n300paKeHU MOJIEITH, BEIBEIEHHOH MPOTpaMMOH TTOCTIe STUX KOMaH/, IpeAcTaBieH Ha puc.2.1.

JvMeHTAITET

acen I'CE
MexaMMsM SKROTDARITMO. DL SH

T

L//X

ey

b h

%
&L 7

T Tk

Puc.2.1.1M300pakeHre KOHCUHO-IJIEMCHTHOW MOJEIHM, MEXaHW3Ma JKCTPAKIMU THIB3bL: | - THiIb3a; 2 -
BBIOpACKIBATEIb; 3 - KJIHH.

OTO MeXaHM3M JKCTPAaKIMM CTPEJITHOW THIB3BI apTHUIEpUHCKOro opyausa. PaccmorpeHa cuMMeTpuyHas
4acTh 00BEKTa (TOYKH, HAXOISAIIUECS B IUIOCKOCTH CHMMETPHH MOTYT IIEPEMEIIaThCS TONBKO B STOH IUIOCKOCTH).
l'unp3a  BEIOpachIBaTeNh W KIMH COCTAaBIICHBI M3 OOBEMHBIX SJIEMEHTOB. [IOBEpXHOCTH KIIMHA, KOHTAaKTHPYIOIIHE C
BEIOpAchIBAaTENIEM , @ TAK)KE TIOBEPXHOCTh BHIOPACKHIBATEIISI, KOHTAKTHPYIOIIAs C THIIB30i OIMMCAHAHBI KaK KOHTAKTHEIC.
Touku BBIOpacwkIBaTeNs, KOHTAKTUPYIOIIWE C KIMHOM W TOYKHA THIIB3bI, KOHTAKTHPYIOIIHE C BBIOpAcBHIBATEIEM,
IIOMCYCHBI KaK KOHTAKTHBIC. 3aerHHeHI/IH TMOHATHBI U3 PUCYHKA. Bcem Y3JI0BBIM TOYKaM KJIMHA 3aJlaHbl OAWMHAKOBBIC
HavaJbHBIC CKOPOCTH (TTOKA3aHbI Ha N300PAKCHUM CTPETIKaMHM 3eJICHOTO 1BeTta). st Momenu B 3anucu Tuma 91 3aman
WHTEpBAJ HMHTETPHPOBAHUS M CIIOCOO HMHTETPHUPOBAHUSA - C Y4ETOM OOJBIINX TEPEMEIICHHH W HTEPaI[IOHHBIM
yTouHeHHeM Ha mare. [locienHee 1enecooOpa3HO AenaTh Ui MOJENeH, MMEIOIMX B CTPYKTYpE Pa3jinYHOrO poja
HEeYyIep KUBAIOIIHE CBA3M.

[onaiite xoMaHay "BBUMHCIUTE' W YKaXWTE B AWAJIOTOBOW IMAaHENW BBIYHCICHUE TMEPEMEIICHUH Tph

JMHAMHYECKOM NIEpEXO0IHOM Tporiecce. Bpewmst pernenus 3agaun 4.1 MuH.
BrBenuTe n3o0pakeHre koMaHI0H "BreiBecTH m300paxkeHue" w3 MeHIO "mpocMoTp - Tpaduka”. B menro "TIpocmotp"
nojaiite komanny "BeIOparh mepemerieHus", a B JAUATOrOBOW IMAHEIH YKaXKHTE B KAueCTBE THIIA MEPEMEUICHUS -
NepeMeIIeHHsT OT CTaTHYECKH NPHIIOKEHHOH Harpys3kH, croco0 OTOOpa)KeHHsl - CMELIEHHEM KOOpIUHAT TOYeK, a
MacmTaOHBIH KO3((UIIMEHT paBHBIM eauHuIle. B MeHI0 "mpocMoTp - rpaduka" mopaiiTe KoMaHIy 'TOKa3aTh
nepemeneHus". 3areM ABaXIbI MojaiTe komaHay "...Ha ciemnyromeM mare" wu3 meHto "IIpocmoTtp - I'paduxa’. B
pe3yabpTaTe OyAyT BBIOpaHBI TEPEMENICHHWS HAa TpPEThbeM Imare HWHTerpupoBaHus. [lomaifiTe koMaHIy  '"BBIBECTH
HanpspkeHus (Myap)" w3 meHto "IIpocmotp - I'paduka". B okHe oTOOpaswTcs KapTHHA HAIPSHKEHUH B DIIEMEHTaX
(puc.2.2.)
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OYMeHT AITL
ocert  I'CE
T MexaHMsHM SKRCTDARIIGL DHIE SH
IHMHAMEe CRMEe IepeMeleridd B MOMeHT t=1.500e-003 ¢
811 - MHTEHCHMEHOCTE HAIDAMEHMIT
L —" ¥

Vporrm 5ii

2. 76x+003

1.88x+002

Puc.2.2.M300paxxenre MyapoBOi KapTHHBI HAPSDKEHUH B 2JIEMEHTaX.

[pu crexyrorieii mogaye KOMaH/bl "...Ha CICAYIONIEM miare” mporpaMMa MepeeT B PeXUM OTOOPaXKCHHUS
MOJICJIM U [T BEIYUCIICHHSI HATIPSHKCHUH HE00X0AMMO MOBTOPHO IMOIaTh KOMaH Ty BBIBECTH HaNpsKeHUs (Myap)".

Hns toro, 4roOBl MONXYYNUTh KApTHHY HANPSOKCHUH B Kakoil IMOO YacTH MOIENHd HEeOOXOAMMO CHeaTh
BHIMMOM TOJNBKO 5Ty 4acTb. llocMOTpuTe HampspKeHHs B TOYKE KOHTAaKTa BbIOpaceiBaTens ¢ Twib3oi. s sToro
HaHeceM Ha M300pakeHHUe 110 9acoBOH cTpenke KOoHTyp 1(puc.2.3.), OTACISIOmMUI HYXHYIO 9acTh, U IOJaiTe KOMaHIY
"BunHbl Bce TOAbKO B KOHTYpe" u3 MeHio "Buaumocts". B 3TOM ke MEHIO OTMEHUTE BBIBOJ HEBUIUMBIX TOUKAMHU.
3areM MOBEpHHUTE U300paKCHHE BOKPYT TOPU30HOATBHON OocH BHU3 ( 2 miara) u IOJAaWTe KOMaHIY "BBIBECTH
HanpspkeHust (Myap)". B pesynbrate momyumte mzoOpaxeHue, npexncraBieHHoe Ha puc.2.4. [logoOGHBIM 00paszom
MOJKHO BBIJICJIUTH JIIO0YIO 4aCTh OOBEKTA.

ITonaBast mocienoBaTebHO KOMaH B! "...HA CIEAYIOIeM mare" OTClIeuTe U3MEHEHHE MOJIOKEHUS YacTe
monenu. Ha Puc.2.5. nmpencraBneHo monoskeHue SIeMEHTOB B OAWH U3 MOMEHTOB.

[TomeTpTe OOHY W3 TOYEK Ha KIMHE W mMopaiTe KomMaHy "BrBectn rpadukn mapameTpoB IBHKEHHA" U3
MmeHo "[Ipocmotp - I'paduka, a B maHenm yKakuTe IepeMenieHusi, ckopocTr 1 yckopenus no ocu OY. Ha rpaduxax
MOJKHO OTCJIEJUTH MOMEHTHI COyIapeHH TOUeK BHIOpACHIBATEIS U KIIMHA.

IlomyepkuBaeMm, uTO MNpUMEpP HOCUT METOAMYECKHUN XapakTep, W IpeJHa3HaueH A WIUIIOCTpaluu
HCIOJIb30BaHUS 2JIEMEHTOB.
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Puc.2.3.Breigenenue yactu 00bEKTa:
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OvMEHT Al
ocer I'CK

'y 311 - MHTEHCHMEHOCTE HATIDAMEHIMIL

Puc.2.4. HanpsoxeHus B

1-koHTYp. BBIJICJIEHHON YacTH.
OoHeHTaIma MexaHMs1 SRCTDARIET DRI SH
ocel  I'CE
T [HMEarMMte CEMe IepeMelleHrI B MoMeHT tL=1.9L50e-002 c
==
HEE]
0] 1
I X i
I
I
I
II
[
5 T ull

Puc.2.5.01H0 U3 TeKyIUX MOJOKEHUH SIE€MEHTOB MOJIENH.

MexamisM SRCOTHARITH DML SH
YT-mepeMeleriie Mo ock 0Y B ysme 229, M

|

[

twin= 0.00e+000 tmax= 2.95e-002

Tonin=-2.2Z4e+001 ¥Yomax= 0.00e+000

Puc.2.6.I'paduk mepemernieHmii 0THON M3 TOYEK KIIMHA.

L-Epema
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2.2. MexaHu3m KadaHHS JUTIOJIA pagruoJIOKaTOpa

ITpumep pacnosoxker B ¢aiine sokarop.zna . OTkpoiite ¢aiin u nogaiite komanay "BreiBectn nzodpakenne"
U3 MeHI0 "pocMOTp - rpaduka’. YCTaHOBUTE CHCTEMY KOOPIMHAT BO BTOPOE IOJIOXKEHHE HA HA MaHENN yCTaHOBKU
HaAYaJIbHOTO MOJIOXKEHHSI CUCTEMbI KOOpIUHAT (ycKopuTesb Alt+2) 1 moBEepHHUTE €e Ha OJIMH LIar BJIeBO U BHU3. OOmmid
BHJ M300pakeHUsI MOJIEITH, BRIBEICHHON MIPOTPaMMOM TIOCIIe 3TUX KOMaH/, ¥ IPH OTMEHE MPO3PAaYHOCTH MPEICTABIICH
Ha puc.2.7.

ObMeHTAITLI

Ocen I'CE
MexarMsM KadamMd IMOIoNE  paldofloRaTrTopa

PHc.2.7.I/I306pa>1<eHHe MOJICIIN ME€XaHN3Ma KadyaHus JUIIOJISI paaruoJIoKaTopa, IIOCTPOCHHOE nporpaMMoﬁ.

Mopens WITIOCTPUPYET UCIOTIH30BAHUE HJIEMEHTOB IPHUBOJOB B COYETAHUH CO CTEPKHAMH U IUTACTHHAMH U
MO3BOJISIET PAaCCMOTPETh MpoLiecC 3amycka MexaHu3zma. Ecinu B Qaiine oTCYyTCTBYIOT pe3ysbTaThl PELICHUs 3ajauu,
noJaiTe KOMaHIy "BBIYMCIUTE' W YKQ)KHUTE B IHAJIOTOBOI MaHENN BBIYHCICHHUE IIEPEMENICHUH IPH JUHAMHIECKOM
MepexoJHOM Ipouecce. Bpems pemenns 3amaun MeHee | muH. Takxke, Kak M B MPEIBIAYIIEM CIydae IMPOCMOTPHUTE
TIOJI0XKEHHST MOJICNN M HAIIPSDKCHUS B €€ OTAEIBHBIX AJIEMEHTaX B Pa3IM4YHbIC MOMEHTHI BPEMEHH.
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2.3. ManbTUICKUI KpecCT.

[Tpumep pacnonoxken B ¢aitme ManpTHHCKMHA KpecT.zna . OTkpoiite ¢aiin n monaiite komanxny "BeiBectn
n3obpaxeHne" U3 MEHIO "MPOCMOTp - rpaduka”. OO BUa H300paKeHUsI MOJIENH, BEIBEJCHHON POTpaMMON IocIie
STHUX KOMaHJ, U NPH OTMEHE IIPO3PAavyHOCTH IpeJCTaBieH Ha puc.2.8. B Mozienn npucyTCTBYIOT 0ObEMHBIE DJIEMEHTEI
(KpecT), CTep>KHHU (KPUBOIINII), a TAKXKe KOHTAKTHBIE TOYKU M MIOBEPXHOCTH. B KauecTBe BO3MYIIEHHS 3a/1aHa CKOPOCTh
BpalleHHsl BaJla KPUBOIIUIIA

Ecmu B daiine OTCYTCTBYIOT pe3yibTaThl PEIICHUS 3a7adl, IMOaiiTe KOMaHIy '"BBIYMACIUTE" W YKaXKHUTE B
JINAJIOrOBOI MaHEIW BBIYMCIICHHE IEPEMENICHHUH TPH ANHAMUYECKOM MIEPEXOIHOM Iporiecce. Bpems pemreHus 3agaqun
Mmeree 1 muH. Takke, Kak M B IPEIBIAYIIEM CIydae IPOCMOTPHUTE IOJIOKEHHSI MOJICITN M HANPSDKEHUS B €€ OT/ACIBHBIX
9JIEMEHTAX B Pa3INYHBIE MOMEHTHI BPEMEHH.

JbMeHTalTL
OCeH I'CE

Mexamsy "Mams THIEcHITT BEpecT™

Puc.2.8.1300paxxenne Monesid MexaHuW3Ma "MalbTHHCKUIT KpecT": 1-KpecT, 2-KpHBOLIMII, 3-KOHTaKTHbIE
MOBEPXHOCTH,4-KOHTAKTHas TOYKa .

[Ipumep mpeaHa3HAYECH IS WIUTIOCTPAIIMH B3aWMOJICHCTBHS M CBS3M B OZHOM MOJENH PA3IHMYHBIX THIIOB
2JIEMEHTOB.
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2.4. MasaTHuK

[Tpumep pacrionoxeH B daine MasTHuk.zna . OTKpoiite ¢ain n noxaiite komanny "BriBectn n3obpaxenue”
U3 MEHIO "IPOCMOTp - rpaduka’. OOmmii BU M300paskeHIsI MOJICIH, BBIBEJCHHOM MPOrpaMMOI MOCIIC 3TUX KOMAH/I, U
IIPY OTMEHE NPO3PAavyHOCTH TpeJICTaBieH Ha puc.2.9. Monens rpezcraBisier co00i CTep>KeHb U3 00BEMHBIX DJIEMEHTOB,
HIAPHUPHO 3aKPEIUICHHBII BEpXHUM KOHIIOM, Ha KOTOPBIM JEHCTBYET CHiIa TSHKECTH, U I HIDKHHUX TOYEK KOTOPOTO
W3BECTHBI HaYaJIbHBIE CKOPOCTH. [lepemereHus CUNTalOTCs OOJIBIINMU.

JlaHHBIN TIpIMEp WIUTIOCTPHPYET CUTYaIlHIo, KOTZa HEOOXOAMMO BBIYHMCICHHE COTJIACOBAHHBIX HAYAIBHBIX
ckopocreil. Eciu B (pafine OTCYTCTBYIOT pe3yibTaThl pemIeHHs 3a4a4H, ITOAaliTe KOMAaHAY "BBIUMCIUTE"' M YKAKUTE B
JIUAJIOTOBOM MaHENN BBIYMCIEHUE COTIACOBAHHBIX HAYaIbHBIX CKOPOCTEIL.

3arem B meHto "IIpocMoTp" mopaiite komaHay "BriOpaTh nepemMenieHus", a B JUAJIOTOBOM ITaHEN YKAXKUTE B
Ka4yecTBe THIA MEepPEMEICHHs] - COIVIaCOBaHHBIE HAYaIbHBIE CKOPOCTH, CIOCOO OTOOpaKEHHS! - HAJIOKCHUEM, a
MacmTabHBIH KO3((UIMEHT IMyCTh ONpEAeNnuT nporpamma. B MeHro "mpocMmoTp - rpaduka’ mopaiite KOMaHIbI
"BeiBectn m3o00paxenue" u "[lokazaTe mnepememmieHus". IlomyueHHOe H300pakeHHE MOJENH C HAIOKEHHBIM
CMEIIEHHBIM COCTOSIHHEM IMpeACTaBieHO Ha puc.2.96. CMelleHHOe COCTOSHHE B JaHHOM CJydae OTpaKkaeT
pacmpezeneHre HadaabHBIX CKOPOCTEH 110 y37IaM.

ObMeHTAITLI
OCen I'CE
T MadTHME — TECTOERN IINMMED
T CopmacoEadHEe HAWANBHEE CROPOCTH

—— ]

a) &) r_l

|
[l
L

Puc.2.9.Mastuux: a - HCXOJHOC ITOJIOKCHHUC, 0 - 0T06pa)KeHI/I€ COrJIaCOBaHHBIX Ha4aJIbHBIX CKOpOCTeﬁ.

Ilonaiite xomMaHxy "BBIUMCIAUTB"' W YK@KUTE B JUAIOTOBOM MaHENW BBIYHUCICHHE MEPEMEUICHUN Mpu
JUHAMUYECKOM IIepexoqHoM mpormecce. Bpewms pemrenus 3amaum 20 cex. Takke, Kak M B NPeNbIAyIIEM CIydae
MIPOCMOTPUTE TOJIOKEHUST MOJIENM M HaNpsDKEHUs B €€ OTACIbHBIX JJIEMEHTAaX B Pa3IMuYHbe MOMEHTHI BPEMEHH,
rpaduKu TapamMeTpoB ABMKCHUS TOUYCK U T.1I.
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2.5. Cxarue Konblia MOBEPXHOCTAMU

[Ipumep pacnonoxer B daime Cxarne kompna Kolco.zna . OOmmii BUA MOJENH MpeacTaBieH Ha puc.2.10.
IIpumep nmpenHa3zHaueH A WUTIOCTPALUHU HCIIOIB30BaHUS MEPEMEINAIOIINXCS MIOCKUX MOBEPXHOCTEH BUPTYaIbHBIX
KMHEMaTH4YeCKUX OTpaHUuYCHUH TIpu pacuerax AedopMaiuii 1moJ JeWCTBUEM CTaTHYECKUMX Harpy3ok. M3 pucyHka u
aHaiIM3a Habopa JaHBIX BUAHO, YTO y3JIaM, ONPEACISIONINM MOJI0KEHHE TUIONIAJ0K, 3a/laHbl IOCTOSIHHbIE CKOPOCTH, a B
3alMCH JAAHHBIX JJIS PElIeHMs 3a/7ad AMHAMHKH yKa3aHO, YTO MEepEeMELICHUs CUUTAIOTCSA Ooipmumu. [l perreHus
HEOOXOANMO TOAATh KOMAaHAY pacdéra MepeMENIeHIH U CTaTHIECKOM HAarpyKEHHH MPY U3MEHSIOIINXCS BO BPEMEHN
napamerpax. Ilpm mpocmoTpe pe3yabTaTOB B KOMAaHJE BBIOOpa IEpEeMEINEHWH CIEAyeT YyKa3aTb MAacIUTaOHBINA
koa(unreHT paBHBIH 1, 1 cnocod BBHIBOAA MEpeMEIIEeHHH - MyTéM CMEIIeHUs y370B. Jlamee MOXKHO NPOCMOTPETH
NepeMeIIeHHsT W HaNpsHKSHUS B PA3IMIHBIE MOMEHTHI BPEMEHH.
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Puc.2.10.Cxxatne konblia MepeMEIaloNMIC BUPTyIbHBIME ~ KHHEMAaTHUECKHMH OTPaHWYICHHUSIMU B BHIE
IUIOCKHX TTOBEPXHOCTEH: @ - pacueTHas cxema; O- MOJI0KEHHE AJIEMEHTOB B Pa3INYHbIE MOMEHTHI
BPEMEHU.
1-k0b110 U3 OOBEMHBIX AJIEMEHTOB (MaTepHal - KayuyyK ); 2-BUPTYyallbHble KHHEMATHUYECKUE OTPaHUYCHHS;
3-3a/1aHHBIE TIOCTOSHHBIE CKOPOCTH.
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2.6. Y nap mapa o HEMOABM)KHYIO IUIOCKYIO TOBEPXHOCTh

IMpumep pacmonmoxen B aiine Illap.zna. OOmmit Bux Monenu mnpencrasneH Ha puc.2.11. IIpumep
IpegHasHaueH [UId WIIIOCTPallMd  HCIOJIB30BaHMS BUPTYaJbHOIO KHHEMATHUECKOTO OrPaHHYEHUS B BHJC
HEIOJBIKHON IUIOCKOM MOBEPXHOCTH IPU pacdyerax MapaMeTpoB TUHAMUYECKUX MEePEeXOJHbIX MporeccoB. M3 pucyHka
W aHanu3a Habopa JaHbIX BUJIHO, YTO y3J1aM, ONpeIeIIomnM GopMy 1apa, 3ajaHbl OTMHAKOBBIE HAUYaJIbHbIE CKOPOCTH
no ocu OY V, =-10 m/c, a B 3arucy JaHHBIX JUIS PELICHUs 33/1a4 JMHAMHUKH YKa3aHO, YTO NEepEeMEIleHHs] CUUTAIOTCSI
6ompmmmu.  Ecnmu B (aiine oTCyTCTBYIOT pe3ynbTaThl PEIICHHS 33/a4d, HEOOXOOWMO MOJaTh KOMaHAY pacuéra
MepeMeIIeHNH TNpH ITUHAMHYECKOM IIEPEXOAHOM mpomecce. [Ipn mpocMoTpe pe3ynbTaToB B KOMaHZE BbIOOpa
NepeMeIIeHnH CllelyeT yKa3aTh MacIITaOHBI KOo3((HUIMEHT paBHBIM 1, W cnoco® BBIBO/A HEpPEMEIICHUH - ITyTEM
cMmenieHus y3noB. Jlajgee MOXKHO NPOCMOTPETH MEPEeMEIIEHHs M HANpsDKEHUS B Pa3IMYHbIE MOMEHTHI BPEMEHH.

a)

&) ¢ Vo=10 m/c

I AHD AT

TAnHD fen A Ahh ( :3
[ . ]

2 N JJ‘ by 7 E:(Ar ﬁ ki—"—hj N%MJ

el =

t=0.0c t= 0.0005c t= 0.001c t= 0.002c t= 0.004c

Puc.2.11. Yaap kaydyKoBOTO mapa O HETIOABHKHYIO TIOBEPXHOCTb: d-pacuéTHas
cXema, 0 - TIOJIOKEHHE DIIEMEHTOB B pa3In4YHbIC MOMCHTBI BpDEMCHU.
1-map; 2-orpaHIYNBAIOIIAS TIOBEPXHOCTD.
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2.7. 'mpockon

[Ipumep pacmomoxken B aine  ['mpockom 2ct cB 0.zna. Ilpumep npemaHasHaueH i WLTFOCTPALUU
JIOCTMKMMOW TOYHOCTHM PELICHMs 3aJaud AWHAMHUKHM TIPU CIO0KHOM IPOCTPAHCTBEHHOM IBIDKEHMM JJIEMEHTOB. B
yKa3aHHOM aiiie copep)karcsl JaHHbIE JJIsl PELIeHUs 3aJayd JUMHAMHKH IBYXCTEHNEHHOI'O THUPOCKOIA, MOJENb
KOTOPOTO COCTaBlIcHa M3 OOBEMHBIX KOHEUHBIX 3JIEMEHTOB (TekcadipoB). PacuérHas cxema IpeAcTaBlieHa Ha
puc.2.12a. T'mpockor, cBOOOAHO BpallAIOIIUICS C BOKPYT Jiexaileid B ruiockoctd XOZ coOCTBEHHO# ocu, uepes
IIAPHUPBI COETUHEH C BMIIKOHM, KOTOPOM B BHAE KHHEMATHYECKOTO BO3MYIICHHUS 3aJaHa IIOCTOSHHAs CKOPOCTb
BpamieHust BOKpyr ocu OY. CBoOoJgHOE BpallleHHE CaMOro I'MpPOCKONA 33JaHO B BHJE HAYaIbHBIX CKOPOCTEH €ro
Y3J0BBIX TOYEK, COOTBETCTBYIOIUX €TO BPAIEHHIO KaK TBEPAOTro Tena. KoHKpeTHbIe pa3Mepsl MOAEIN IpPEACTaBICHBI
Ha puc. 2.126. Ha puc. 2.126. mpencTaBieHbl MOCTPOCHHBIC MPOrPaMMOil TI0 pe3ylibTaTaM pacyéra TPaeKTOPHH JIBYX
Y3JIOBBIX TOYEK, JEXKAallUX Ha OCH M OKPYXHOCTH THpOCKONa (HayaJbHOE TIOJIOKEHHE II0KAa3aHO YEPHBIMU
npssmoyronbHukamu). Ha puc. 2.122 u 0 npencrasiensl Tpaduky peakivii B 3aKpeIuIEHHBIX y371aX B HAIlPaBICHHH OCH
OX. Hns obecriedeHUs] BO3MOKHOCTH KOPPEKTHOTO CPaBHEHUS MapaMeTpPOB, MOJYyYaeMBIX AHATUTHYECKH METOJIaMU
TEOPETUYECKOM MEXaHWKH, 3HAYEHHUs YIJIOBBIX CKOpocTed ¥ @ u €2 BBIOpaHBl TAKMMH, YTOOBI YIPyrHe
nedopManny IeMEHTOB ObIIM PEHEOPEKMMO Masibl. [Ipu TakoM IBM)KEHHN THPOCKOIA BO3HHUKAET TMPOCKOIIMIECKUH
MOMEHT M , BellMUMHA KOTOPOTO ompesensercs mo teopeme Pesans M =J pXQXOO , Te J, — MOMEHT WHepIHU

THPOCKONA TPH BPaLICHUH BOKPYr coOCTBeHHOW ocu. [Ipu BbIOpaHHOW pacdy€THOI cxeMe TMPOCKOIMYECKU MOMEHT
JIOJDKEH YpaBHOBEIIMBATHCS PEAKIMAMU B 3aKpeIUICHUsX, JeHcTByommMu B Iiockoctd XOZ. Ilpu stom
MaKCHMallbHasl BEIMYMHA PEAKIUH P, B HANpaBICHUH KOOPAWHATHOW ocH OyJeT B MOMEHT, KOTZa OCh BpAIlCHMS
TUPOCKOTIA TapajuiebHa BRIOPAHHOW OCH CHCTeMbI KoopauHat. W3 rpadukoB, MpeacTaBIeHHBIX Ha puc. 2.122 u 0.
BHJHO, YTO MAaKCHMAaJIbHBIE 10 aMIUIMTYyJE 3HA4eHUs peakuuil B HampaBieHud ocu OX HMEIT MeCTO, KOrja och
BpallleHUs] TUPOCKONA CTaHOBMTCS NapallIelbHON YKa3aHHOHW ocH. IIorpemmHocTs moIy4aeMbIX 3HAUYEHUH peakiui
onpenenutcs BoipakenueM & =(P, -Pua) P.,tne P, = M / L-3HaueHue peakiuu, MoJIy4acMOe U3 aHATUTHICCKOTO

peuieHus, rae L -pacCTosHUE MEXKAY TOUYKaMmu 3akperieHus. 1lpu 3HaueHusax J p:783 SreXm (onmpenensercs

o Mozenu rupockona), L =500 mm, @ =2 pad/c

n €2 =40 pad/c MakcHManbHas BETHYMHA PEAKIMH B 3aKPEINIEHHOM y3ie P, OyaeT nMeTh 3Hadenne 125360
H. U3 rpadukos, npencraBieHHbIX Ha puc. 2.122 ¥ 0 BHIHO, YTO MOJYYSHHBIE U3 YHCIEHHOTO PEIICHUS BETHYUHEI
peaxiuii umerot 3HaueHuss 107204 H u 107206 H. TlorpemHocts paBHa 14%. YMeHblIas mar MHTETPUPOBAHUS 110
BPEMEHHU MOXHO TOOUTHCS MOTPEIIHOCTH MeHee 5%.

OTIMuYMeM YHCICHHOTO pEIICHHs, IIOJIydeHHOro IPOrpaMMOM, SIBJSIETCSI BO3MOXKHOCTb —OIpEJeNIeHUs
TepeMeIIeHIH ycninid, reopManuii 1 HalpsHKSHAH B OO0 TOUKE MOJIENH U MIPEICTaBICHUS X B TpeOyeMoii hopme.

IIpn BBIMONHEHMM BBIYUCICHUI CHadana HEOOXOAWMO BBIIOJHHUTh pPAacd€T COTTIACOBAHHBIX HAYaIbHBIX
CKOpOCTEH, TaKk KaK B MCXOJHBIX MaHHBIX 3aJlaHa CKOPOCTH TOJBKO OJHOM TOYKM Ha THPOCKOIE. 3aTeM 3alTycKaeTcs
ITOPUTM PEIICHHS 33/1a41 pacyéra TUHAMHYECKNX IEPEXOAHBIX MPOLECCOB.

Kpome paccmorpenHoro npumepa B Qaiiie ['mpockorn.zna conepkutcst HaOOp JAHHBIX JUIsl PEIICHHs 3aj1a4n
JIMHAaMHKH JABHYKEHHSI THPOCKOIIa ONEPTOro OJHMM KOHIIOM M HaKJIOHHOM ochlo. Ha rupockon JeicTByeT cuila TSHKECTH.
[TocnemoBaTenbHOCTh pEIISHHS 33Ja4M Ta JKe: CHadaua OMpPEIeNISIOTCS COTJIACOBAaHHBIE CKOPOCTH, 3aTeM ITapaMeTphl
JTUHAMHUYECKOTO IIEPEXO0THOTO IpoLiecca.
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Puc. 2.12. Mozgens IByXCTEIIEHHOTO THPOCKOIIA!
a- obmas cxema (n300pakeHHe C y4ETOM OCBEHIEHHOCTH); O- OCHOBHBIC pa3Mephl M HOMEpa 3aKpeIUIEHHBIX

Y3II0B; - TPAaCKTOPUM TOUYEK JIEKAIIMX Ha OCH M OKPYKHOCTH; 2- M O- rpadukm peakmuii mo ocu OX B
3aKpEIIEHHBIX y3JIax.
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2.8. ITayx

IIpumep pacnonoxxen B ¢aitne  Ilayk.zna. IlpeaHasHaueH aIsi WUIIOCTpanMy OCOOCHHOCTEH paboThI
JJIEMEHTOB € U3MEHIEMOM NIMHOM, BUPTYaJIbHOTO KUHEMaTUYECKOTO OTPAaHUYEHUS B BUJIE TNIOCKOCTH NIPU OTCYTCTBUU
MIPOCKAJIb3bIBAHUS, U MHOXKUTENIEH TIpH nepeMerieHusx. M3o0paxkenne Mozenu npencrasieHo Ha puc.2.13. Jlamsl n
TYJIOBHIIE TIPEICTABICHBI COBOKYITHOCTBIO OOBEMHBIX KOHEYHBIX O3JeMEHTOB. IlogpéM U mepeMelieHue Jian
BBIMOJIHAIOT 3JIEMEHTHI ¢ U3MEHIEMON JUIMHOMN, M3MEHEHHE KOTOPOH OCYIIECTBISIETCS 33AaHHBIMU IEPEMELICHUIMH C
MHOXKHTEISIMH, 3aBUCSIIUMHA OT BpeMeHH. DYHKIINN MHOXXHUTENEH TOA00paHbl TAKHM 00pa3oM, YTOOBI MMHTHPOBAIOCH
nBkeHne. KoHCTpyKnusl onupaercs Ha OTPaHMYMBAIOUIYIO IIOCKYIO HMOBEPXHOCTh (BHUPTYalbHOE KHMHEMATHUYECKOE
OTpaHHYEHHE), U1l KOTOPOH B 3aIPENIeHO NPOCKAIB3bIBAHIE TOUEK, BCTYIAIONMINX C HEH B KOHTAKT.

Ecnn B (aiine OTCYTCTBYIOT pe3yibTaThl PEUICHUs 3aiadd, 3allyCTHTE ajJrOpUTM pacyéra IapameTpoB
JMHAMHYECKUX TIEPEXO/IHBIX TPOIECCOB, a 3aTeM aHuMaiuio. [lepen 3amyckoM aHUMauu HEOOXOIMMO JaTh KOMaHIy
«BBIOpaTh TEpeMelIeHHs», U B € MEHI0 00s3aTelbHO 3a7aTh IEPEMELICHHs] 3aBUCSIIME OT BPEMEHH, CII0cOo0
0TOOpakeHHs - CMEI[EHHEM Y3JIOBBIX TOUEK, a MaclITaOHBIM, yKa3bIBaEMbIil I10JIb30BaTENCM, KOI(PPHUIIUCHT paBHbIM
emuHuite. Ilayk OyneTr mepeMeriaTses Mo OrpaHUYNBAOIIEH TOBEPXHOCTH.

OBMEHT AT

ocei  I'CE ‘tgj%

Puc.2.14.Mopens MEXaHUYECKOTO MayKa.
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2.9. Perynsarop BekTOpa TAru

[Ipumep pacmonoxen B aitne Perynarop Bektopa Taru.zna. IlpegHasHadeH nansd WIIIOCTpaLdd
BO3MOXKHOCTEH MOJICTUPOBAaHMSI KOHCTPYKIUH CO CJIOKHOW TPOCTPAHCTBEHHON KMHEMaTHKOH. Moens mpejcraBiieHa
Ha puc.2.15. TlonoOHbBIe yCTPOHCTBA MCHOIB3YIOTCS JUIS PEryJHpPOBKU CEYEHHs] M M3MEHEHUs HalpaBJCHUS IOTOKA
ra30B B COBPEMEHHBIX PEAKTUBHBIX IBUIATENSX.

B 3amaue mopenmpyercs paboTa yCTpOHCTBA NpPH Pa3NUYHBIX IOJOXKEHUSAX €ro 3JIeMEeHTOB. M3MmeHeHue
TIOJIOXKEHHUS PETYIUPYIONIMX DJIEMEHTOB (TIOBOPOTHOTO KOJbIA M KOJNbIA CeUeHHWs) obecnedynBaeTcs 3aJaHHBIMH
HepeMeNIeHHsAMH, Nepel KOTOPhIMH BBEACHBI MHOXKHTEIH B (DYHKLIMH OT BPEMEHH. MHOXXHUTENN HOXOOpaHbl TaKUM
00pa3oM 4TOOBI MOBEPHYTh MOBOPOTHOE KOJIBIIO B JBYX IUIOCKOCTAX M CMECTHTh KONbLO cedyeHus. Eciam B daiine
OTCYTCTBYIOT PE3YyJIbTaThl PEIICHHUS 3aJaul, HEOOXOIMMO 3allyCTHTh ITOPUTM pacuyéTa CTATHYECKUX MepeMeIIeHUI
IpU U3MEHSIOIINXCS BO BPEMEHH Harpy3kax M mapameTpax. B pabore ycTpoiicTBa MOXHO pa300paTbCs, 3allyCTHB
anuMaimio. [lepea 3amycKOM aHMMAlMH HEOOXOAMMO [aTh KOMAHAy «BBIOpPAaTh MEPEMEIUCHHS», U B €€ MEHI0
00513aTeNbHO 33/1aTh NEPEMEIIEHNS 3aBUCSIINE OT BPEMEHH, CII0cO0 OTOOpa)KeHUsI - CMEIIEHHEM Y3JIOBBIX TOYEK, a
MacuTabHbIi K03(h(ULIKMEHT, yKa3bIBaeMblil NOb30BaTeneM, KodpQUIMEeHT paBHbIi equHule. PekoMeHIyeTcs, Takke,
NPy aHUMAalWK 3allpPeTHTh OTOOpaKEHHE HArpy30K ¥ KHHEMAaTHYeCKHX TIPaHWYHBIX YCIOBHH. DTO YIPOCTUT
n300pakeHme.

(bHMeHTaIrLI
OCEH I'CE

Puc.2.15.Mopnenp perynstopa BekTopa Tird (M300pakeHHE € YYETOM OCBEUICHWS M IpU 3alpeuieHHn
0TOOpaKeHHSI HATPY30K).
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2.10. KoHTakTHBIE IIApBI U POIUKU

PaccmarpuBaemas rpymma npuMepoB IpeJHa3HAueHa ISl MILTIOCTPAMA 0COOCHHOCTEH paboThl KOHTAKTHBIX
MIOBEPXHOCTEH, IIapOB U POJIUKOB.

[Tpumeps! pacnosnoxeHs! B (aiinax:

-Komup HapyXHBII ponuk.zna;

-Komup_oxBarbIBaromuii poimk.zna;

-Konup_ nHapyxHbIN_11ap.zna;

-Konup_oxBaTeiBaromuii_11ap.zna;

3amava, 3anucaHHas B IIEPBOM U3 IIEPEUHCIICHHBIX (ailyioB, IpeicTaBieHa Ha puc.2.16.

MaccuBHas aeranb (KOIMp), CMOASIMPOBAHHAs COBOKYITHOCTBIO OOBEMHBIX KOHEUHBIX 3JIEMEHTOB, BpallaeTcs C
3aJJaHHOM CKOPOCTBIO. Phruar, momxuMaeMslil MPYKUHON, CONpPUKAcaeTCcad C HapYKHOM MOBEPXHOCTBIO KOMUpPA uepes
POJNHMK (WM IIAp) U KOHTAKTHYIO MTOBEPXHOCTD. 3a/laudl OTIANYatoTCst POPMOil KOMpa ¥ THITIOM KOHTAKTHBIX DJIEMEHTOB.

Eciu B (aiine OTCYTCTBYIOT pe3ysbTaThl pELICHHs 33/1aud, 3allyCTHTE ajJrOPUTM pacuéTa napameTpoB
JTUHAMUYECKHX TEPEXOJHBIX MIPOIIECCOB.

Jns Bu3yanmsanuy pe3ynbTaToOB 3alyCTUTE aHMManuio. llepen 3amycKkoM aHHUManuyd HEOOXOJWMO AaTh
KOMaH/ly «BBIOpATh NMEPEMELICHUs», U B €€ MEHIO 0053aTENbHO 3a/1aTh NIEPEMELICHHSI 3aBUCAIINE OT BPEMEHH, CIIO0CO0
0TOOpakeHHUs - CMEIEHHEM Y3JIOBBIX TOUEK, a MaclITaOHBIHN, yKa3bIBa€MBIi IT0JIb30BaTENEM, KOI(QPHUIIMEHT paBHbINA
eMHHIIE.

HANE

3

Puc.2.16.B3anmoneficTBre KOHTaKTHOW IOBEPXHOCTH U POJIMKA: @ U 6 — OOIIWI BUI MOIEIH U
pa3NUYHbIC MTOJIOKEHUS DIIEMEHTOB COOTBETCTBEHHO.
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2.11. Maura aHTEHHBI

PaccmarpuBaemass Tpymnma NpUMEpPOB MpeJHA3HaueHa Uil WUIIOCTPAlMM  BO3MOXHOCTEH pacuéra
KOHCTPYKLMH, UMEIOIINX B CBOEM COCTaBe I'MOKHE HUTH.

[Ipumepsl pacrosoxeHs! B (aiinax:

-Mauta_Bec BeTep.zna;

- Maura_nuHamuka.zna;

- Mauta_noasém.

Konerpyknmst mpexacTtaBisier co0oif MayuTy W3 QIIOMHHHEBBIX TpyO, YCTAaHOBJECHHYIO Ha pacTSKKax,
CMOJZICIIMPOBAHHBIX THOKMMH HUTAMH. HarpyxeHna coOCTBEHHBIM BECOM U BETPOBOI Harpys3Kkou.

B rmepBoM u3 mepeyMcieHHBIX (HalIoOB CONEPXKUTCS pelleHue cratuueckodl 3amaun. Ecmm B daitne
OTCYTCTBYIOT Pe3yJIbTaThl PELIEHHs, 3aITyCTUTE aJI'OPUTM pacuyéra nepeMelleHHH IPH CTaTHYECKOM HarpyXKeHUH.

Bo BTOpOM (haiine-3amaua AMHAMHUKH IIPH ITyIBCHPYIONIEii BeTpoBOi Harpy3ke, I[lynbcanus cMozennpoBaHa ¢
MOMOIIBI0 MHOXHTENISI IPU Harpy3ke. Eciu B daiie 0TCYTCTBYIOT Pe3yJbTaThl PELICHHs 3a/1auil, 3alyCTHTE allTOPUTM
pacdéra mapaMeTpoB TMHAMHUYECKUX IIEPEXONHBIX MPOIeccoB. s BU3yanu3annuy pe3yabTaToB 3allyCTHTE aHUMALHIO.
Ilepen 3amyckoM aHMMAaUK HEOOXOIUMO JaTh KOMAaHAY «BBIOpaTh MEPEMEICHUN», U B €€ MEHIO 0053aTEIbHO 3a/1aTh
NepeMeIIeHHsT 3aBHUCSIIME OT BPEMEHH, CHOCOO OTOOpaKeHMS - CMENICHHEeM Y3JIOBBIX TOUYCK, a MacIuTaOHBIH,
YKa3bIBa€MBIH I10JIb30BaTeNeM, KoddduuueHT paBHbIil npumepHo 500 (peanbHbIe 3HAYSHUS NEpEMEIICHNH B JaHHOM
cily4ae HEBEJIHMKH).

B tpersem daiine-3amaua Mopenupyoomas HadaJlbHBIA 3Tall OllepallMy yCTaHOBKM Madtel. Eciu B (aiine
OTCYTCTBYIOT PE€3YyJIbTAaThl PCHICHUA 3adayd, 3allyCTUTE aJIlr'OPUTM pvaéTa nmapaMeTpoB AMHAMHYCCKUX MECPEXOIHBIX
nporieccoB. Jliisi Bu3yanusanuy pe3ysibTaToB 3allyCTHTE aHMManuio. Ilepea 3amyckoM aHUMalH HEOOXOAWMO IIaTh
KOMaH/ly «BBIOpATh IMEpPEMELICHUs», U B €€ MEHIO 0053aTENbHO 3a/1aTh NEPEMEIICHHSI 3aBUCAIINE OT BPEMEHH, CIIOCO0
0TOOpakeHHsI - CMEIICHHEM Y3JIOBBIX TOUEK, a MACIITAOHBIN, yKa3bIBaeMBIH MOJIB30BaTENIeM, KOI(GHUIEHT paBHBIN
€/INHHULIE.

COpHeEHETALHA
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Puc.2.17.Mopenb ¢ THOKUMU HUTSIMHU:

a — oOIMii BUIT MOJISITH TS TIEPBBIX IBYX 3a7a4 (BKJIOUYEH allTOPUTM MACIITA0MPOBAHUS HATPY30K B MEHIO
«0TOOpasuTh»); 6 — OTOOpaKCHHE IMOJIOKCHHUI 3JEMEHTOB a pa3jIMYHbIe MOMCHTHI BPEMCHH B 3a1aue
YCTaHOBKH MAYThI.
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2.12. DnacTuka

PaccmarpuBaeMast rpymma mpUMEpOB TpeAHA3HAUYeHA IS WLTFOCTPAMHA BO3MOXKHOCTEH JJIEMEHTOB MpHU
pacuére KOHCTPYKIUH, 3HAUMTENEHO U3MEHSIONNX (opMy B X0ZI€ pacCMaTpHBaeMoro mporecca.

[Ipumeps! pacriosnoxeHs! B (aiinax:

-Onactuka 0O0BEMHBIE.ZNA;

- OnacTyKa_IUIaCTHHBL.ZNA;

- DrmacTuKa_CTep>KHH.Zna.

Bo Bcex 1péx (haimax comepikaTcs MaHHBIC A PEIICHHS ONHOW W TOW JK€ 3afadyd: MPOJOIBHOE CHKaTHE
CTEP>KHsI, IMEIOIIET0 HAYaIbHYIO KPUBH3HY. PasHMIa 3aKiF0O4aeTcst B TOM, YTO B OJHOM CIIydae /sl MOIEIHPOBAHMUS
CTEep KHS UCTIOIB30BaHbl 00hEMHBIC JIEMEHTHI, B IPYTOM - TUIACTHUHBL, & B TPEThEM — OpycC.

Pacu€rHas cxema W TOJIOXKEHHs DJIEMEHTOB MOJENM B Pa3IMYHbIE MOMEHTHI BPEMEHHU IPE/CTaBIICHBI Ha
puc.2.18.

Eciu B (aiine OTCYTCTBYIOT pe3ysbTaThl pELICHHs 33/1aud, 3allyCTHTE ajJrOPUTM pacuéTa napameTpoB
TUHAMUYECKUX TMEPeXOAHBIX MporeccoB. s BU3yanu3anuu pe3yibTaToB 3amycTuTe aHuManuio. Ilepex 3amyckom
aHUMaluu HEOOXOAWMO JaTh KOMaHAY «BBHIOpATh MEpPEeMEIICHUs», U B €€ MEHIO 00513aTeNbHO 33/1aTh IEpPEeMEIICHI
3aBHCAIIME OT BPEMEHH, CIIOCOD OTOOpaXeHHWS - CMEIICHHEeM Y3JIOBBIX TOYEK, a MAaCIITAaOHBIA, YKa3bIBAaeMBbIHA
oJIb30BaTeNneM, KO3 GUINEHT paBHbIA eIUHHUIIE.

OPHeHTAITHA a/]
ocen TCE

Z

Puc.2.18. MonenupoBaHue MPOIOJIBHOTO CKATUSL CTEPHKHS:
an 6—o0muil BUAK MOAENH M TIOJIOKEHUE JIEMEHTOB B Pa3IMYHbIE MOMEHTHI BPEMEHH COOTBETCTBEHHO.
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2.13. Kynnuca

PaccmarpuBaemblii IpuMep MpeqHa3HaueH Ui WIUTIOCTPAlMM IPUMEHEHHUS 3JIEMEHTa, OIMCHIBAIOIIEro
KyJIUCHBIA MexaHm3M. [lpumep pacrnionoxen B ¢aiine Kynuca.zna.

Pacu€rHas cxema W IOJIOXKEHHs DJIEMEHTOB MOJENM B Pa3IM4HblE MOMEHTHI BPEMEHHU IPEJCTaBIICHbI Ha
puc.2.19.CtepxHI0, PECTaBICHHOMY COBOKYITHOCTHIO OOBEMHBIX KOHEYHBIX dJIEMEHTOB, Yepe3 KyTUCHBIH MEXaHU3M
nepenaéres NBIKEHNE OT BPAIIAIOIIErocs KpUBOLIMIIA.

Ecmn B (¢aiine OTCYTCTBYIOT pe3ynbTaThl PELICHUS 3aIadd, 3allyCTHTE alrOpHTM pacdyéra IMapamMeTpoB
JUHAMHYECKUX TEPEeXOTHBIX IpomeccoB. s Bu3yanm3aluy pe3yabTaTOB 3allyCTHTE aHMManuio. [lepex 3amyckom
aHMMAaIMK HEOOXOZMMO J1aTh KOMaHIY «BBIOpATh NEpEMEIICHHs», U B €€ MEHIO 00s3aTeNIbHO 3a]aTh IMepeMEIICHHS
3aBUCSIINE OT BPEMEHH, CIoco0 OTOOpaKEHHsI - CMEHIEHHEM Y3JIOBBIX TOYEK, a MacIuTaOHbIM, yKa3blBaeMbIH
MoJIb30BaTeNneM, KO3 GUINEHT PaBHbIA eTUHHUIIE.

a)

OpHeHTAIIHA
ocen T'CE

T

nﬁt%'j'ﬁ

Puc.2.19.KynucHslit MexaHHU3M:
an 6—o0muil BUA MOAENH M TIOJIOKEHUE JIEMEHTOB B Pa3JIMUHbIE MOMEHTHI BPEMEHH COOTBETCTBEHHO.
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2.14. Karsmieecst Koiaeco

PaccmarpuBaeMbie  TpuMepHl  TIpPEIHA3HAYCHBI I WDIFOCTPAMK  B3aMMOACUCTBHUS  BHPTYaJbHOTO
KMHEMaTUYECKOTO OIPaHUYECHUS B BUJIE TUIOCKOCTH MPHU OTCYTCTBUU TMPOCKANB3bIBAHUA U 00BEMHBIX SJIEMEHTOB.

IIpumeps! pacrionoxeHsl B paitnax Koneco Ha mmockoctu.zna u  Koieco HakIOHEHHOE.Zna. U OMUCHIBAIOT
MOJIETT JBUKEHHsI KOJieca 10 HAKJIIOHHOW IIOCKOCTH M HAKJIOHEHHOTO Kojieca MO TOPU30HTAIBHOM TMIOCKOCTH TOJ
JIEHCTBUEM CHIIBI TSDKECTH COOTBETCTBEHHO. Bo BTOpOM ciydae y Kojieca UMEETCsl HadallbHasi CKOPOCTb.

s mepBoro mpuMepa pacyEéTHas cXeMa U TOJO0KEHHUS JIEMEHTOB MOJICNH B pa3iIMIHBIE MOMEHTHI BPEMEHU
npencrasiensl Ha puc.2.20. Komeco n3 00BEMHBIX 3JIEMEHTOB IBMKETCS MO0 HAKIIOHHOW IUTOCKOCTH TOA ACHCTBHEM
coOcTBeHHOr0 Beca. Ecnmm B (haiile OTCYTCTBYIOT pe3yNbTaThl pEIICHUS 3aJadyd, 3allyCTUTE AalrOpUTM pacdyéra
MapaMeTpoB IHHAMHYECKUX MEPEXOAHBIX IMpoIeccoB. s BH3yalM3alldd pPe3yJIbTaTOB 3allyCTHTE aHUMAIIHIO
HanpspkeHuit. [lepen 3amyckoM aHMMAIMM HEOOXOJWMO JaTh KOMAaHIy «BBIOpaTh MEPEMEUICHUS», U B e MCHIO
00s13aTeNIbHO 3a/1aTh MEPEMCIICHHS 3aBUCSIINE OT BPEMEHH, CIIOCOO OTOOPaKEHUS - CMCIICHHEM Y3JIOBBIX TOYCK, a
MacITaOHBIN, YKa3bIBAEMBIH MOJIb30BaTENEM, KOG GHUIIMESHT PaBHBIN CIHHHUIIE.

OpHMeHTAaMA
oCen TCE

joo
v
<

Puc.2.20./IBuxenue Kojeca 1o HaKJIOHHON MIIOCKOCTH:
au 6— o0yl BUJl MOJIETH U TIOJIO)KEHUE DJIEMEHTOB B Pa3jIMuHbIe MOMEHTHI BPEMEHHU COOTBETCTBEHHO.

s BTOpOTO IprMepa pacuéTHasi CXeMa U IOJI0XKEHHUS 3JIEMEHTOB MOJISNIA B Pa3IMYHBIE MOMEHTHI BPEMEHH
npeacraBieHsl Ha puc.2.21. Komeco u3 OOBEMHBIX S3JEMEHTOB IBHIKETCS 1O TOPHU3OHTAIBHON IUIOCKOCTH TIOJ
neiicTBueM coOCTBeHHOro Beca. [Ipw 3TOM mmojaraercs, 9TO KOJEcO B HAYaIbHBIA MOMEHT BPEMEHH KaTWIOCh 0Oe3
MIpOCKaNb3bIBaHuA. {7151 3TOro B Hanboee yaanéHHbIX OT TUIOCKOCTH TOYKaX Kojeca YKa3aHbl HadualbHEIC CKOPOCTH, a B
OMKaNIINX K IUIOCKOCTH - HYJICBBIC 3HAUCHHS HAYAIBHBIX CKOPOCTel. J{ist Toro, 4To0OBI BO BCEX TOUKAX Kojieca 3a/1aTh
HaYaJbHBIC CKOPOCTH COOTBETCTBYIOIINE €r0 KaYCHHUIO Tepe/ PEIICHHEM 3aJaddl JUHAMHUKH HEOOXOJUMO BEITIOHUTH
pacdér corjaacoBaHHBIX Ha4aJbHBIX CKOPOCTEH.

Ecnu B ¢aiine oTcyTCTBYIOT pe3yibTaThl PEIICHUS 3allaud, 3allyCTUTE CHayaja pacu€T COrIacOBaHHBIX
HaYaJbHBIX CKOPOCTEH (A1 OmpeneeHus] HadaIbHBIX CKOPOCTEH BO BCEX TOYKaX KOJeca), a 3aTeM alrOpUTM pacdéra
mapaMeTpoB AWHAMHYECKHUX MEPEeXOAHBIX MporeccoB. [ BU3yaln3aluu pe3ylbTaToB 3allycTUTEe aHuManumio. [lepen
3aIlyCKOM aHUMAallld HEOOXOMUMO IaTh KOMAaHAY «BHIOpATh IMEpeMelieHUs», U B €€ MeHI0 00s3aTelbHO 3a1aTh
TepeMEIIeHIsI 3aBUCAIIAE OT BPEMEHH, CIOcOo0 OTOOpaKeHHS - CMCEIICHHEM Y3JIOBBIX TOUYEK, a MAacCIITaOHBIH,
yKa3bIBaEMBIN TI0JIB30BaTENIEM, KO (PHUIIMEHT PaBHBII SIUHUIIE.
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| t=0.39

) p—
8 Vt=ﬂ.52

t=0.65

Puc.2.21./IBmxeHne HaKJIOHEHHOTO KoJieca 10 TOPH30HTAIBHOHN IIOCKOCTHU:

a— 061HPII>1 BUJ MOJCIIH, 6 —TIOJIOKEHHE DJIEMEHTOB B Pa3JIMIHBIC MOMCEHTBI BPEMCHU; 6 — TPACKTOPUA
BerHei/‘I B HAYaJIbHBIA MOMEHT TOYKU KoJieca, NoCTpOCHHAaA nporpaMMoﬁ.

t=0.78
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2.15. MonTax OCTOHHON [IIATHI

PaccmarpuBaeMelil TipuMep TpeAHA3HAYEH U WIUTIOCTPAIlMA BO3MOXKHOCTH pEIICHUS 3ajad pacyéra
nedopManuii U HaNPsDKEHUH B 3JIEMEHTaX KOHCTPYKIMH BO3HUKAIOIIUX MPH PA3IMYHBIX TEXHOJIOTHUCCKUX MPOIEccax,
B YaCTHOCTH Ipu MOHTaxke. [Ipumep pacronioxker B (haitiie  MOHTaXX IUTUTHL.Zna.

Pacuérnas cxema, pacnpeneneHUe HANPSHKEHUM M MOJIOAKEHUS 3JIEMEHTOB MOJIETH B Pa3IMYHbIE MOMEHTHI
BpeMEHHU MpenacTaBicHbl Ha puc.2.22. Ilnuta M3 OeTOHA, MPEACTABICHHAS COBOKYIHOCTHIO OOBEMHBIX KOHEUHBIX
AJIEMEHTOB, NU3HAYAIBEHO CTOHUT Ha OIOPAaX, MOACIHPYEMBIX BUPTYaIbHBIMH KHHEMATHUECKUMH OTPAaHHICHUSIMUA. 3aTEM
MMOTHIUMAETCS Ha CTPOIAaxX, MOJCIUPYEMBIX THOKAMH HHUTSMH, W YCTaHaBIMBACTCS Ha OCTOHHBIC OIOPHI TaKKe
MIPEICTaBICHHBIC O0BEMHBIMI KOHEYHBIME 3JIeMeHTaMH. Ha BepXHUX rpaHSX OMop 3a7aHbl KOHTAKTHBIC TOBEPXHOCTH,
a Ha COOTBETCTBYIOIIMX TOYKAX IUIATHI — KOHTAKTHBICE TOYKH. [logpéM W mepeMelieHue BEpXHUX Y3JIOB CTPOI
3a/1aéTCs1 COOTBETCTBYIOLIUMHU MEPEMEIICHUSIMUA C MHOXKUTEIISIMH.

Ecmu B (aiine OTCYTCTBYIOT pe3yibTaThl PCIICHHS 3aJaud, 3aIlyCTUTE AalTOPUTM pacuéra MmapaMeTpoB
JMHAMUYECKUX TIEPEXOAHBIX MpolieccoB. [ BU3yanu3aluy pe3ysbTaToB 3allyCTUTE aHUMalUuio HanpsbkeHui. [lepen
3alyCKOM aHHUMAallid HEOOXOMUMO JaTh KOMAaHAy «BbIOpPAaTh MEPEeMEIICHHUS», U B €€ MEHI0 0053aTelIbHO 3a1aTh
TepEeMEIIeHIs] 3aBUCAIINE OT BPEMEHH, CIoco0 OTOOpakKeHHS - CMEIICHHEM Y3JIOBBIX TOUYEK, a MAacIITaOHBIH,
YKa3bIBa€MBIH MOJIB30BaTENEM, KO (GHUIIMESHT paBHBIN ¢TUHHILIC.

a) r &)

OPHEeHTAIIMA
oCei I'CE
z

Y

&)
2) m
Puc.2.22.MoHTax 6€TOHHOMN IUIATHI:

a — paC‘léTHaﬂ cXeMma, 6, 6 U 2 - MOJOXCHHUA 3JICMCHTOB U PACIIPEACIICHUC HaHpH)KCHI/II\/‘I B PA3JIMYHBIC
MOMCHTBI BpEMCHHU.
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3. DIIeMEHTHI THIPO- U THEBMOIIPUBO/IA

B nanHOM pa3zene omucaHbl HEKOTOphIE MpOCTEHIIne MpUMEphI, IS KOTOPBIX HUMEIOTCS aHAJTUTUYECKHE
peLIeHus, TIOJIydeHHbIE IPU JIOMYIIEHUIX U YCIOBHAX, OJM3KHX K pealM30BaHHBIM B JJaHHOU mporpamme. [lonoOHbIe
IIPUMEPHI TI03BOJISAIOT OLEHUTh KOPPEKTHOCTh JOIYIIEHUMN, IPUHATHIX U TOCTPOCHUN MOAEIEN JIEMEHTOB, TOYHOCTh
UX NPOrpaMMHOM peanu3aluu.

3.1. CxopocThb 3ByKa

OrneHKa KOPPEKTHOCTH BOCHPOHM3BEACHUS YIPYTHX M HMHEPHHOHHBIX XapakTepHUCTHK pabouero Ttena
3JIEMEHTaMH TPYOOIIPOBOJIOB MOXKET OBITh BBHIIIOJIHEHA 110 PE3yJbTaTaM PELICHUs 3a/laud O PacHpOCTPAaHEHHH YIIPYTOi
nedopmanuu B TpyOe. M3BecTHBI ckopocTH 3ByKa B Bojie (1400 M.c) i Bo3ayxe (TIpy HOpMabHBIX ycloBusix 330 m/c).
OueBUIHO, TAaKXKE€, YTO KMHEMAaTHYECKOE WIIM CHJIOBOE BO3MYILIECHHE B TPyOOIPOBOJE MOJDKHO PAaCIpPOCTPAHSTHCS C
TaKoOMU e CKOPOCTBIO.

Ha puc.3.1a. npencrasieHa KOHEUHO-3JIEMEHTHAsI MOJIETb IJIsl pELICHUs TakoH 3agadn. B Moznenu mmeroTcs
JBa TpyOonpoBoja pazHoro auamerpa u pazouteie Ha 100 m 500 KoHEUHBIX 37eMeHTOB. /JIMHBI TPYOONPOBOJOB
BBIOpaHbI PaBHBIMU PACCTOSIHUIO, KOTOPOE MPOXOJUT 3BYK B padouem tene 3a 1 ¢ (1400 m anst Bogsl u 330 M juist
Bo3ayxa). TonmmHaa CTCHOK TPyO BBIOpaHa TaKoOM, YTOOBI MX MMOJATIMBOCTL ObUIA MpeHEOpPeKMMO Maia. B kadecTBe
BO3MYIIICHUsI BBIOPAHO 3aJaHHOE IEPEMEIICHHE Ha JIGBOM KOHIlE TPYObl (KMHEMaTHYeckoe Bo3MmyieHue). Ha
puc.20.16 mpencraBieHsl rpadUKy IepeMENIeHH paboyero Tena OT BpeMEHH B TOUKe, OJIM3KOH K JIEBOMY Cpe3y TPpyObI
(BepxHUi TpaduK), TOUKE, PACMIOIOKEHHON ITOcepeIuHe TPYObI (CpeaHuid rpadyK) U B TOUKE, HAXOISIIIEHCS Ha IIPaBOM
cpese TpyOsI (HkHUHA rpaduk). M3 mpeacTaBieHHBIX pe3ylbTaToOB BUIHO, YTO MAaKCHMAIEHOE TepeMelieHne padbodero
TeJa B NPaBOM KOHIIE TPYOBI COOTBETCTBYET MOMEHTY BpeMeHHM t = lc, 9TO yKa3pIBaeT Ha TO, YTO CKOPOCTb
pacnpocTpaHeHus] BO3MYLICHHUSI B MOJICNIN TPYyOOIIPOBO/Ia COOTBETCTBYET CKOPOCTH 3BYKa. AHAIOTHYHBIC PE3yIbTaThl
TIOJTYYeHBbI U JUISl BO3yXa.

Ha6op1)1 JaHHBbIX, CO}Iep)KaH_IHﬁ HUCXOJHBIC HAHHBIC W PE3YJIbTAaThl PEHICHUA PACCMOTPECHHBIX BBIIIC 3aj1ady,
HaxoJITcs B (aiinax 3Byk B Boze.zna W 3BYK B BO3JyXe.zna .

3.2.TedeHue KUIKOCTH B TpPyOE ¢ KOHUYECKUM YIaCTKOM

Pacu€rHas cxema Juist 3a/1a4y TeUEHHs )KUAKOCTH B TpyOe ¢ KOHMUECKHM Y4acTKOM IpejicTaBlieHa Ha puc.3.2a.
Tpy0ba umeer nBa yyacTka C MOCTOSHHBIM jauameTpoM kKanana (D=100 u D,=50 mM) u koHHueckuil y4actok. [lo
Tpybe TEUéT BepPETEHHOE MAclo ¢ MIOTHOCTHIO O = 850 kr/M’. Ha yeBoM KOHIE TpyOBI AcicTByeT maBienue P=1.0
MIla. KoneuHo-311eMEeHTHasT MOJEb, OTOOpaKEHHAS TIPOTpaMMOM, TpeacTaBiieHa puc.2.26. B HavyaabHBIA MOMEHT
CKOPOCTH ¥ IEPEMEIIECHHS B Y3JIaX MOZEIH PaBHBI HYJIIO.
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Puc. 3.2. TeueHue *HIKOCTH MO TPyOEe C KOHHYECKUM YYACTKOM: @ — pacuéTHas cxema; 6 — KOHEYHO-3JEeMEHTHast
MOJZIeNIb; @ — DIIOpa JABICHHUI B AJIEMEHTAxX; ¢ — rpauKy MmepeMemeHHss U CKOPOCTeH KUIKOCTH B TOUKE,
PAacoNoKEeHHOI Ha MPaBOM cpe3e TpyOBL.

O‘-ICBI/II[HO, YTO B HAHHOM CiIyda€ CXHUMAECMOCTb XHUIKOCTH HpeHeren(HMo Maji0 BJIMAET HA CKOPOCTH
JABMXXCHUSA JKUAKOCTH, JUIL OLEHKH TOYHOCTH YHCICHHOI0 PEHICHUS MOXHO BOCIIOJIB30BATBCA pPE3YyJIbTaTaMU
AHAJIUTUYCCKOI'O0 PCIICHUS, IMOJYYCHHOI'0 HIpU AOMYIICHUHU O HECKUMACMOCTU KUIAKOCTH. Honaraﬂ, YTO AaBJICHHUE
CcoBCpHIACT pa60Ty 10 N3MCHCHUIO KMHETHICCKOM OHCPIUU JXUJAKOCTHU B KaHAJIC NOJYIUM YPAaBHCHUC

1 (2 2
P= 5 plV;—V] ) ,
rme V= S_ - CKOPOCTB KUJKOCTH Ha yJdacTke 1;
1
_V
V,= S_ - - CKOPOCTB JKUJAKOCTH Ha YJacTKe 2;
2

V' — pacxon JKHIIKOCTH B TpYOe,
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s1=71D* /4 - nnowans KaHana Ha ydacTke 1;
s, = 71TD,* /4 - nnomans KaHaua Ha yuacTkKe 2;

ITonmaras pacxoj MOCTOSHHBIM AJISl BCEX YUACTKOB TPYOBI nepenuieM GopMyIly U JaBlIeHHS B BUIC

2
lepV

2 S_i(l_éz)’ rne &= sls.

2P
pl1-¢?

ITo/ICTaBME YKCIIOBBIE 3HAUEHHUS B IPMBEACHHBIE (POPMYJIBI OTy4nM 3HadeHue V'=0,0983622 m*/c.

Ha npencraBneHHbIX Ha puc.3.22 BHIHO, YTO MOCJIE BBIXO/a Ha YCTAHOBHBUIMHCS PEKUM CKOPOCTD KUIAKOCTH
B TpyOe craHoBurcs paBHoM 0.0983172 m*/c. CpaBHeHWE 3HAYEHHMIl, TOJTYYEHHBIX YUCICHHBIM U AHATUTHYECKHM
myTéM, TOKa3bIBaeT JOCTATOYHO BBICOKYIO TOYHOCTH pelIeHHs 3agadd. Hamuuwe ydacTka € pPOCTOM CKOPOCTH
OOBSACHAETCS TEM, YTO B HAYAIBHBIH MOMEHT CKOPOCTH OBUIM IIPUHSATH PABHBIMU HYJIIO.

Ha pwuc.3.26 mpeacraBneHa bsmiopa [aBICHHH B 3JIEMEHTaX B MOMEHT BpPEMEHH, COOTBETCTBYIOLIMH
YCTaHOBUBLIEMYCS ABH)KCHHUIO KUAKOCTH.

Habop naHHBIX, colepiKalinii MCXOQHBIC AAaHHBIE M PE3YJbTAaThl PEIICHUs 3aJaud, HaxOAWTCS B Qaiine
HcreueHnne n3_TpyObl C KOHYCOM.zZna .

Torna V=s )
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3.3. Mozenb ObICTPOAECHCTBYIOLIETO THAPOIIPUBOAA

B JAaHHOM pasfeiic MNPHUBCACHO OIHMCAHUC IIpoHecca (1)OpMI/IpOBaHI/I$I MOACIM JOCTATOYHO CJIOXHOI'O
yCTpOﬁCTBa. LIGJ'ILIO H3JIOKCHUS ABJIACTCA WIIIOCTPpALUA 0COOeHHOCTEH MOCTPOCHUA Mo,ueneﬁ 00BEKTOB CO CIIOXKHBIMU
JIOTUYCCKUMU CBA3SAMU U COACPIKAIUMU PA3JIMYHBIC 11O cBOCH (bH3I/I‘l€CKOﬁ MpUpoa€ KOHCUYHBIC 3JICMCHTBI.

3.3.1.MopenmupyeMsblii 00BEKT

B kauwectBe mnpuMepa pacuéra KOHCTPYKIMHM paccMaTpUBAeTCsi OBICTPOJAEHCTBYIOMIMI THAPONPUBO,
IIpeHa3HAYCHHBIN /ISl pa3MbIKaHUsI KOHTAaKTOB B BBICOKOBOJIFTHOM 3JIeKTpUYecKod menu. Jlns ynobcrBa onmucaHus
YCTPOHCTBO YCIOBHO pa30MTO Ha TPH YACTH: IMAPHUPHO-PHIUAKHBIA MEXaHU3M, OJJIETa30BbI€ BBIKIIOYATEIN H
THIIPOIPUBOI.

IepBass "acTh — MIApHUPHO-PEYAKHBINA MEXaHU3M, CXeMa KOTOPOTo IpeacTaBieHa Ha puc.3.3.1., B Toukax B
n C (ropu3oHTalIbHbIEC ITOKK /) COETUHSAETCS C ABYMS OJUHAKOBBIMU CHMMETPHUYHO PACHONI0KEHHBIMH 3JIETa30BBIMH
BBIKJIIOUATESIMH, PACCMAaTPUBAEMBIMU B Ka4eCTBE BTOPOM COCTABHOM 4acTH YCTPONCTBA, @ B TOUKE A BEPTHKAIbHOTO
IITOKa MEXaHU3M COEIUHSACTCS C THIPOLMINHAPOM THAPONPHBO/A, PACCMATPHUBAEMOI0 KaK TPEThsl 4acTh YCTPOMCTBA.
IIpu paboTe ycTpoiicTBa BEpTUKANBHBIM INTOK MOJ J€HCTBHEM YyCHIMS THAPOLMIMHIpA IEepeMEelIaeTcsl BHHU3.
MexaHu3M nepenaét ABMKEHHE TOPU3OHTAIBHBIM INTOKAM, IepeMellas UX T'OpU30HTAIBHO 0 HAMPABICHUIO K OCH
CUMMCTPUH MCXaHHU3Ma. IlonoxeHuss 3BEHBEB MEXaHU3Ma B pa3JIMYHbIC MOMECHTBI BPEMCHH IMIPCIACTABJICHBI Ha
KHHEeMaTu4deckoi cxeme (puc. 3.3.16, 6 u 2).

. r////
il = m%

P

7]

Puc.3.3.1. Mexanu3Mm npuBoja: a —MCXOJHOE IMOJOXKCHUE, O, 6 W & TMOJOXKCHUE AJIEMCHTOB B Pa3IHYHBIC
MOMEHTHI BPEMEHH.
1 — TOpPU3OHTAIBHBIN MTOK, 2 — Tsra, 3 — IBYMJIEUuil ppryar, 4 — IpoyInHa, 5 — NepeKIaauHa,
6 — BepTUKaIbHBIN MITOK.

s >IeMeHTOB MeXaHHM3Ma 3aJaHbl X OCHOBHBIC Pa3Mephl M OTHOCHETIHHOE PACIIONIOKCHHE DJIEMEHTOB B
HCXOJHOM MOJIOKEHHU.

CxemMa OIHOTO W3 IBYX OJJIETA30BBIX BBIKIIOUATENEH, PACHONOKEHHOTO C JIEBOH CTOPOHBI MEXaHHW3Ma M
COEIUHSIEMOro ¢ HUM B Touke B, mpeacrasneHa Ha puc. 3.3.2. Illtoxk 6 u nunuHAp 4 yCTPONCTBA KOHCTPYKTHBHO
KECTKO CBSI3aHBI MEXAy COOOH, U COBMECTHO IEPEMEIAIOTCS MEXaHW3MOM B HAIPAaBICHWH, YKa3aHHOM CTPEJIKOM.
HenonBmwxHelif KOHTakT / W TOpPIIEHb S5 OCTAlOTCS HEMOABIKHBIMH. [IpH IBIDKEHMM INTOKAa M LWIMHApA ra3s
BBITECHSIETCA U3 MOJ0CTH [ yepes 3a30p 3 B MOJOCTh /], co3AaBas MpU UCTEUEHUH U30BITOUHOE AABJICHHUE B TIOJIOCTH W,
KaK CJIEICTBHE, CHIIy COITPOTHBIIEHHS, NEHCTBYIOIIYIO Ha IITOK.
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Puc. 3.3.2. Dnera3oBblil BEIKIIIOYATEIb.
1 — HEeTIOABVKHBIN KOHTAKT, 2 — WJIKMHAP, 3 — OTBEPCTHE UCTEUEHUS Ta3a,
4 — MUIMHAp, 5 — MOPIIeHb, 6 — MITOK.

Jyis BBIKITIOUATETsl M3BECTHBI OCHOBHBIE Pa3MEpHl, a TAK)KE CBOMCTBA M COCTOSIHHE Ta3a, HaXOAAIIETOCs B HEM,
B UCXOJTHOM COCTOSIHUH.

Cxema THOPONPUBO/A TIpencTaBleHa Ha puc. 3.3.3a. DTa 4acTh yCTPOHCTBA COCTOWT U3 IEKTPOMArHHUTA 2,
YIPaBJISIONIEr0 KilanaHa J, YCKOPSIOLIEro KiamaHa §, paclpeleiuTeNIbHOro Kiamana 5, pabodero mwimHiapa 23,
LWIHH/PA BBICOKOTO JaBiieHus /9 u cuib(oHa 20 B MOJIOCTH KOTOPOTO HAXOANUTCS CXKAThIH BO3IYX.

B HayajgbHOM IOJIOKEHUM AaBJIEHHE BO3/yXa, HAXOJIIErocs B IOJIOCTH cuib(oHa 2/, uepe3 MOJIBUKHBIM
unHIp 19 co3maaér naBieHue B )KUIKOCTH, Haxosmieics B mojocty 22. J[aBneHue )KUIKOCTH U3 MOJIOCTH YKa3aHHOU
MTOJIOCTH TIepenaércsi yepe3 TPyOOIPOBOIEI B BEPXHIO M HIDKHIOIO TIOJIOCTH pabodero THAPOLIIMHAPA, a TaKXkKe B
MPaByI0 TMOJIOCTh PacIpeneIuTeNbHOTO KianaHa /2. JlelcTBue maBieHHs KHIKOCTH Ha MTOK 12 co3maér maBicHHE
KHUJIKOCTA B JICBOH IMOJIOCTH pactpenenutenbHoro knamaHa /7. Ilomocts /7 TpyOOmpOBOIOM CBsi3aHA CO IITOKOM
YCKOPHUTEIBHOTO KIamaHa &, W JNaBleHHE, JCHUCTBYsA, Ha ero mTok /0, co3maér naBiicHWE B JICBOI ITOJIOCTH
YCKOPHUTENBHOTO KianaHa. J[aBieHue B JIEBOH IOJIOCTH YCKOPUTEIBHOTO KilarnaHa rnepemaércs yepes TpyOorpoBoj B
MIOJIOCTh YIPABJISIOIIETO KJIalaHa 1 AeHCTBYeT Ha MapyK 0, 3alnparollinii KaHall, ¥ OpIIeHb mToka 4. TakuM oOpasom
Ha IIapUK AEHCTBYET JaBlieHHE, CHJa, ACHCTBYIOIIAs CO CTOPOHBI IITOKA M YCHIINE MOMKATHS NpyX HHBL. CymMMapHOe
yCUIJIME TaKOBO, YTO B MCXOHOM COCTOSIHMH IIAPUK MIPHKUMAETCS K CEIUTy U 3aKphIBaeT KaHal.

Jns cpabareiBaHus ~ ycTpoiicTBa Ha »JneKTpoMarHUT 2 momaéres HampspkeHue. Cuila TPHUTSHKEHHS,
co3maBaeMasi OOMOTKOM 3JIEKTPOMAarHuTa, nepememniaet mrtok / BieBo. [locnequmii, BeIOMpaeT 3a30p /1, U yHapser mo
JUTMHHOMY KOHITy pblyara 3. Peruar, moBopadmBasch BOKpPYT OCH, IepeMeliaeT mToK 4 BpaBo. LITok ymupaercs B
mIapuK 6 W TaKkKe MepeMemlacT MapuK BIIPABO, CXKUMas NPYKHHY 7 W OTKPBIBAasg KaHAN [UIS CIHMBA JKUIKOCTH.
XKunkocte 1o TpyOONPOBOJY BBIXOAWUT W3 IOJIOCTH YCKOPSIOLIEro KiaraHa, AaBas BO3MOXXHOCTH €ro IOJBHYKHBIM
yacTaM /() mepeMecTUTbCS BIIEBO MOJ JCHCTBUEM, ACUCTBYIOIIETO AABICHUS HA 3alMPAIOIIUI AJIEMEHT U3 JIEBOU
MOJIOCTH paclpeeNuTeNbHoro kKianana. [Ipu nepemeniennn netanu /0 cxumaercs npyxuHa 9 U OTKpbIBaeTCs KaHaj
JUISL CIMBA SKUAKOCTH U3 JIEBOM MOJIOCTH paclpeleIuTeIbHOrO KilanaHa, 4To JaéT BO3MOXKHOCTh €ro IITOKY /3 Takke
MIEPEMECTUTRCS BIIEBO. B pe3ynprare 3TOro mepeMenieHHsT OTKPBIBAeTCS KaHal Ul CIMBA JKUAKOCTH W3 HIDKHEH
MTOJIOCTH pabouero HWINHAPA U MIEPEKPBIBACTCS CBA3b ATOH MOJIOCTH C MOJIOCTHIO UIMHPA BBICOKOTO AaBieHUs /9.

[NonmoxxeHne pacCMOTPEHHBIX BEIIIE 3JIECMEHTOB B 3TOT MOMEHT IMPEICTABICHO Ha puc. 3.3.36.
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Puc. 3.3.3. T'uaponpuBoa: a — UCXOJHOE TOJIOXKEHUE, 6, — MOJIOKEHUE IEMEHTOB KJIAllaHOB ITOCIIE
OTKpPBIBAaHUSI KaHaJa YIPABILIOIIETO KIAllaHa, 6 - IOJIOXKSHUE DIIEMEHTOB pa0dodero IMIMHIpA B
MOMEHT BX0J]a TOPMO3HOI'0 HAKOHEYHHUKA B JPOCCENIBHYIO A0y .
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XKuakocTh, MOCTyMaeT B BEPXHIOK MOJIOCTh paboyero MUIHHIpPA U ACHCTBYET Ha TUIABAIOUIMKA MOpIIeHb /3,
KOTOPBIN, mepemeraer mTok /4 Bau3. I[lpoias myTs /i, TUIaBaOIUN MOPIIEHH YIIUPAETCS B YCTYI IWIMHpPA U Jajee
IITOK JIBIDKETCSI CAMOCTOSATENBHO. 3aTeM, MaJIbIif IOPIIEHb /6 BXOIUT B IWJIMHJP MEHBIIETO ANAMETPa, a TOPMO3HOM
HAaKOHEYHHK /7 B JApOCCEeNbHYI0 mait0y /8. OTHOCHTETHHOH MOIOKEHHE 3JeMEHTOB pabouero IFIMHIpPAa Ha 3TOM
MHTEpBase ero paboTsl npeacTaBieHo Ha puc. 3.3.36. XXuakocTp, BeITeKas U3 00pa30oBaBLICHCS TIPH TaKOM TOJIOKEHUH
Jetaneil monocty 24 MeXIy IITOKOM W MaJIbIM LIWIMHIPOM, Yepe3 3a30p MEXAY APOCCEIbHON IMai0oi N TOPMO3HBIM
HaKOHEYHHMKOM, CcO31aéT aaBieHue, TopMmossmiee mTok. LITok, mpoitns myTtb /., ynupaeTcs B OrpaHHYHMTENh U
OCTaHaBJIUBACTCA.

Ha sTOoM paccMarpuBaeMblii IPOLECC 3aKAHYMBACTCS.

3.3.2.Monenp 00beKTa

Jlii MaTeMaTHYeCKOro MOJEIUPOBAaHUA PACCMaTPUBAEMOI0 Mpoliecca, C LENbI0 ONpe/eseHUs MapaMeTpoB
IBIOKEHUS (TIepeMeIIeHnil, CKOpocTeli M YCKOpPEHHIA) 3BEHBCB MEXaHHM3Ma W MapaMeTPOB HUX COCTOSHHA (YCHINH U
HalnpsDKCHUH B 3BEHBSX, JABJICHUS JKUAKOCTH B IOJOCTAX W T.OI.), MOCTPOEHA KOHEYHO-3JIEMEHTHAs MOJEIb.
Crpykrypa Habopa JaHHBIX, Haxosmerocs B (aitne IIpuBoa_ BBIKIIOUATENs.zna , mpejcTasieHa B Tadbmune 3.3.1.

Ta6muma 3.3.1.

CrpykTrypa paboyero Habopa TaHHBIX

Nen/m  wms 3anucu THUI JaHHBIX, XPAHSIIUXCS B 3aITUCH
1 BricTponeiicTByrOmN TeKCTOBast HHGOPMAIHS
2 JaHHBIC JUIs pelueHns TuHamudeckux 3anad (T,t...)
3 KOOPJMHATHI y3JIOBBIX TOYEK
4 3BeHo 3 y3ma_ HMHJIEKCHI M TOJIIIMHA IJIACTHH
5 3BeHo 3 y3ma_ HHJEKCHI U TOJIIMHA MIACTHUH
6 IIp-xk B=40 H=40  xapaxrepuctuku ceuerus crepxueit (F,Jx,Jy,...)
7 Tlonepeunna WHJIEKCBHI M TIApaMETPBI CTEPIKHEBBIX DJIEMEHTOB
8 TIlomepeunHa WHJIEKCHI M TTAPAMETPHI CTEP)KHEBBIX 3JIEMEHTOB
9 Ip-xk B=30 H=30_  xapaxrepuctuku cederus crepxueii (F,Jx,Jy,...)
10 Ppmar 0 56 HMHJEKCHI U [1aPAMETPBI CTEPAKHEBBIX 3JIEMEHTOB
11 Pemar 0 56 HMHJEKCHI U IaPAMETPBI CTECPAKHEBBIX 3JIEMEHTOB
12 Ilp-x_ B=40 H=60  xapaxtepuctuku cedenus crepxueit (F,Jx,Jy,...)
13 Ppryar 3 8 HMHJIEKCh] U IaPAMETPbI CTEPIKHEBBIX JIEMEHTOB
14 Pprgar 3 8§ WHJEKCHI U TIapaMeTPhl CTEPIKHEBBIX DIIEMEHTOB
15 Tpyba D=60 d=40  xapakrtepuctuku ceueHus crepxueit (F,Jx,Jy,...)
16 IlTok ropwms. WHJICKCHI U TIAPAMETPHI CTEP)KHEBBIX 3JIEMEHTOB
17 1lTok ropwms. WHJICKCHI U TIAPAMETPHI CTEP)KHEBBIX 3JIEMEHTOB
18 Kpyr D=30 XapaktepucTuku cedenus crepxueit (F,Jx,Jy,...)
19 TIIpoymuna WHJICKCHI U TIApAMETPHI CTEP)KHEBBIX 3JIEMEHTOB
20 Tpyba D=90 d=60  xapakrtepuctuku ceueHus crepxueit (F,Jx,Jy,...)
21 Ilrok Bepr. WHJIEKCBHI M TIApaMETPBI CTEPIKHEBBIX DJIEMEHTOB
22 IllapHuUpbI MIAPHUPHOE COCTUHEHHE
23  DOmnera3 CBOIiCTBA rasa

24 T1.Cxatuss_DJIETA3A umumiawHOp-TIOPIICHD
25 II.Cxatmst DJIETA3A ummiawHOp-TIOPIICHD
26 II.Cxatuss OJIETA3A uunaMHAp-NOpPIIEHb
27 II.Cxatuss OJIETA3A uunaMHAp-NOpPIIEHD

28 Kanan sneraza_ perynupyeMsblil apocceib

29 Kanan osneraza_ perylupyeMsblil apocceib

30 Hyroracutenb  WHAEKCH U mapameTpsl KO -xecTkoe Teno
31 [yroracutens  WHAEKCH U mapameTpbl KO -xecTkoe Teno
32 Bosayx CBOMCTBA raza

33  Cunbdon MUIHHAP-TIOPIICHB

34 XXunkocTb CBOMCTBA KUJKOCTH B TUAPONPUBOJIE

35 AKKyMynaTOp. UIMIHMHAP-TOPIIEHb

36 AKK.- KIan.-IiWjl. pa3BeTBIEHUE TPYOOIIPOBOLOB

37 AKKyM.-KJIallaH JI. TpYyOONpPOBOJ KPYIJIOrO CEYEHHS

38 Kpyr D=42 xapakTepuctuku ceuenus crepxxueit (F,Jx,Jy,...)
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39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

ITox

IInaB. mopmeHs
[TnaB.mopiiens HU3
IIrok-ITn.mopmens_
un.d52x42
nn.d42
unuaapst
unuaapst
TopMO3HOU_HaKOH.
ToMO3-BBIX.OTB.
TpybompoBox_p
[InaB.nopmens
ITox
[InaB.mopmens
IInaB.nopmens

Mauelii_nopiieHs

Bxon B muwiuHAp
Kpyr D=405
Hopwens 100 _kr
Kpyr D=20

Iepexmovaronuii Kn
Iepexmovaronuii Kn
Iepexmogaronuii K
Iepexmovaronuii Kn
Ilepexnrouaromuii Kn
[epexmouatonmuii Ko
[epexnrouaromuii K
[epexmrouaromuii Kn
Iepexmovaronuii Kn

Iosopot 180 _rpan
IToBopot 90 rpan.
Cnus
Kianas_yckopsror.
Knanan_yckopsror.
CruB_Yck.Kiranana
Knanan_yckopsror.
ITok.Yck.Knanana
Orp.Yck.Knanana
VYnop_ VYck.knanaHa
VYnpasnsromuil Ki.
Yopasingoomwui_ K.
Ypasnsromuid. K.
VYpasnsromuid. Ki.
[pyxuna Yop.Ki._
VYoop.Yop.Kn.
IMapuxk Vop.Km.
Irox Ymp.Kn. 7.
IIp-x B=5 H=5
Poruar

Kpyr D=3

[Irox
CepaeyHrK_MarH.
Cuna marHuta
VYnp.xnanan
CeppeyH.-pplyar
Orp.peiuara

Peruar ok
Knaman-cnus

WH/ICKCHI U TTapaMeTPhI CTEP)KHEBBIX AIEMEHTOB
LWIMHAP-TIOPIIEHD
MIIHHAP-TIOPIICHB
WHAEKCHI ¥ TapaMeTPhl HEYIEPKUBAIOIINX CBS3EH
LWTHHP-TIOPIICHb
LWTHHP-TIOPIICHb
pa3BeTBIIEHHE TPYOOIIPOBOJIOB
pa3BeTBIIEHHE TPYOOIIPOBOJIOB
PETYJINPYEMBIi1 Ipoccenb

TPYOOIIPOBO] KPYTJIOTO CCUCHUS

TPYOOIIPOBOA KPYTJIOTO CCUCHHUS
MHJIEKCHI ¥ TTAPAMETPBI HEYACPKUBAIOIINX CBSI3EH
MHJICKCHI U TTapaMeTpbl HEYACPKUBAIOIINX CBSI3eH
WHJIEKCHI U TTapaMeTPhl HEYACPKUBAIOIINX CBSI3eH
uHeKCcHl U mapaMmeTpsl KO -xecTkoe Teno
WHJIEKCHI U TTapaMeTPhl HEYICPKUBAIOIINX CBSI3eH
TpyOOIPOBO KPYTIIOTO CEUCHHUS
XapaKkTepuCcTHKU ceueHus crepxuei (F,Jx,Jy,...)
WHJIEKCHI M TTAPAMETPHI CTEP)KHEBBIX HJIEMEHTOB
xapakTepuctuku ceueHus crepxxueit (F,Jx,Jy,...)
WHJICKCBHI M TIApaMETPhI CTEP)KHEBBIX 3JIEMEHTOB
LWITHHP-TIOPIICHb
pa3BeTBIIeHHE TPYOOIIPOBOIOB
pa3BeTBIIEHHE TPYOOIIPOBOJIOB
TpyOOIIPOBOA KPYTJIOTO CEUCHHUS
MUJINHAP-TTOPIICHDb
WHJIEKCHI U TTApaMETPhl HEYACPKUBAIOIINX CBSI3CH
perynupyemslii Apocceib
perynmpyeMslii Ipoccelnb
MECTHOE COTIPOTHBIICHHE
MECTHOE CONPOTHBJICHUE
MECTHOE COTIPOTHBJICHHUE
LUIHHIP-TIOPIIEHb
NIpY’KMHA PACTSHKEHUS CKATUSA
perynupyeMslii Ipocceb
LWTHHP-TIOPIICHb
MH7EKCH U napameTpsl KO -xxecTkoe Teno
WHJICKCHI 1 TTApaMeTPhl HEYIEPKUBAIOIINX CBSI3eH
UHJICKCBI U IIapaMeTpPbl HEYACPKUBAOLIUX CBA3CH
pa3BeTBIIEHHE TPYOOIIPOBOJIOB
pa3BeTBIICHHE TPYOOIIPOBOIOB
MUJINHAP-TTOPIICHD
LMTHHIP-TIOPIICHb
MIPpY’KHHA PACTSIKEHHSI CKATHS
WHJICKCHI U TTapaMeTpbl HEY/IEPXKUBAIOIINX CBsI3eH
MHJIEKCHI 1 mapameTpbl KD -kecTkoe Teno
uHEKCH U mapameTrpsl KO -xecTkoe Teno
XapakTepucTuku ceueHus crepxueit (F,Jx,Jy,...)
MHJIEKCBHI U TIAPAMETPBI CTEP>KHEBBIX 3JIEMCHTOB
XapaKkTepuUCTHKH ceueHus crepxkuei (F,Jx,Jy,...)
WHJICKCHI 1 TTAPAMETPHI CTEP)KHEBBIX 3JIEMEHTOB
MHJIEKCHI B mapamMeTpsl KO -xecTkoe Teno
COCpeIOTOYCHHBIE y3JI0BbIe ycrus F
PperyIpyeMBIii Ipoccenb
MHJICKCBI U IIapaMeTPhbl HEYJEPKUBAOIUX CBs3EH
WHJICKCHI U TapaMeTpbl HEY/IEPKUBAIOIINX CBSI3eH
MHJICKCBI U apaMeTpPhl HEYIEePKHUBAIOIIUX CBSI3eH
pa3BeTBIIEHHE TPYOOIIPOBOIOB
HavdaJIbHbIC IEPEMEICHUS
3a7jaHHbIE IEPEMEIIECHHS 1 3aKperuieHus Q
3aJlaHHbIe IepeMeIeHHs 1 3aKperuieHus Q
HavaJIbHBIC IepeMeIICHHS
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101 HavaJIbHBIC TTEPEMETIICHHS
102 Ha4aJIbHbIE [IEPEMELLICHUS

Jlamee yka3zpiBaeMble HOMEpa 3alHCEed COOTBETCTBYIOT 3TOH TabimIIe.

I'padmueckoe m300pakeHne MOJIENH, BEIBEIEHHOE MPOrpaMMOH, ipecTaBieHo Ha puc. 3.3.4. [lna ynoGcTBa
JATBHEHINEro M3JI0KECHUS Ha PHCYHKE BBINENCHBI OOJIACTH, B KOTOPBIX HAXOMATCS TPYIIBI KOHEYHBIX 3JICMEHTOB,
MOJICIIAPYIOIINE YacTH paccMaTpUBaeMOro oOwbekTa. JIaTHHCKMMHU OyKBaMHU Ha cXeMe 0003HAuYeHBI TOUKH CTHIKOBKH
BBIJICJICHHBIX TPYIIIT JIEMEHTOB.

Mooenv mexanuszma. Bee 3BeHbS MeXaHU3Ma, 32 MCKIIOYEHUEM JIBYIUIEUETO pblyara, MOJCIUPYETCs CTEP’KHEBBIMHU
KOHEYHBIMH 3JIeMEeHTaMHU. J[ByIUIeunii pbryar MOIENUPyeTCs TPEYroJbHON IUNIACTUHONW. 3BEHbs COCIMHEHBI JJIEMEHTaMHI
TUIA [WapHUp. Pa3Mepsl U N0J105KEHUE 3BEHBbEB, UCIIOIb30BaHHBIC B JAJIIBHEHIIEM IIPU IOCTPOEHUU MOJIEIH, OTYYECHbI
13 KOHCTPYKTOPCKOW JOKyMEHTannu. Macchl OCHOBHBIX 3B€HBEB MEXaHM3Ma UMEIOT CIECAYIONIIE 3HAUCHNUS:

-Macca TOPU30HTAIBHOTO MITOKA W TOJBIDKHBIX YacTeil cBI3aHHBIX ¢ HUM M, = 50 kT;

-Macca JIByIie4yero poiyara Ms = 6.3 kr;

-macca npoymussl M, = 0,56 kr;

-Macca BepTUKaJbHOro mroka Ms = 13,8 kr.

st 5THX 3BEeHBEB pa3Mepsbl (TOJIIUHA, ONEPeYHOe CEYCHUE) MOJISIUPYIOMINX 3JIEMEHTOB TOAOHPaJINCh Tak,
‘-ITO6BI HX MAcCCbl COOTBETCTBOBAJIN YKa3aHHBIM. CDOpMI/IpOBaHI/IC 3TON Tpynribl 3JIEMCHTOB AOCTATOYHO HAIJIAAHO U HE
TpebyeT MoApOOHBIX KOMMEHTAPUEB.

Crnenmyer, omHaKo, TOSCHUTh Ha3HAUECHHE HeyAep)KWBarommx cBszer (mo3. 7-10 pmc.3.3.4.). CBszp mos.7
ommcaHa B 3amucu Ne 52 B Habope MaHHBIX W IpeAHA3HAUYEHA UL OTPAaHUYCHUS IBIDKCHUS IJIABAIOIIETO MOPIIHS
BBepX. CBS3BIBACT Y3JIOBYIO TOYKY, PACIIONOKEHHYIO B IIEHTPE MAacC IUIABAIOIICTO TOPINHS, W HEIOABIKHYIO
(3aKpeIUIEHHYI0) TOUKY, PACIIONOKEHHYIO BHIIIE. 3a30p NPUHIMASTCS PABHBIM HYITIO.
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Puc.3.3.4. Koneyno-31neMeHTHAs MOJIENb TIPUBOJIA.
1-6 — rpynmsl AIEMEHTOB, 7 - 10, — HeyAep KUBaIOLIe CBA3H, /] — MIaBAIOLIUI MOPIIEHB.

Takum 00pa3oM, €ClId MOPIICHb, HAYHET JBMIKCHUE BBEPX M3 UCXOJHOTO MOJOKEHUS, TO JaHHAas CBA3b OymeT
3TOMY HpPEMATCTBOBATh, TAK KaK PAacCTOSHHWE MEXAY TOUYKaMHu OyaeT yMmMeHbInaTscs. [Ipu OBIKEHMHM BHU3 PacCTOSHHE
MEXIy TOUKaMH OYyIeT YBEJIMYMBATHCS, W CBSI3b HE OY/ET 3TOMY MpPEISTCTBOBATh, T.€. €€ peakiys Oy/AeT paBHa HYJIIO.
AHaNorn4yHO, CBs3p 1M03. &, omucaHHas B 3amucd Ne 51, orpaHMYMBAacT IBIDKEHHE IITOKA BBEpX. BBemeHHE 3THX
3ammceil HeoOXOAUMO UTS yAepKAHUS MOJEIN B paBHOBECHH B MCXOIHOM IMoiokeHHH. CBs3b 1mM03. 9 , ommcaHHAsA B
3anucu Ne 50, orpaHuYMBaeT ABMXKEHUE IJIABAIOUIETO MOPUIHS BHU3, CBSI3bIBACT Yy3€ll, ONPECISIIOIINNA ero MoJ0KEeHNe
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C HEeTMOJBIKHOM TOYKOW. HadanmbHbIH 3a30p 7151 JAHHOTO DJIEMEHTA 3aa€TCsl paBHBIM XOAY IJIABAIOIIETO TOPIIHA /Ay,
=100 mm.

Ces3p mo3. 10 , onmcanHas B 3amucu Ne 54, orpaHMYMBAeT IBID)KEHHE INTOKA BHH3, MOJICITHPYS KOHTAKT
MAJIOTO MOPITHA C APOCCENBHOM maiiboif B MOMEHT MpHX0oJa IITOKA B HIKHIOIO TOUKy. HawaipHBIHN 3a30p M1 JaHHOTO
JJIEMEHTA 33/1a€TCsl paBHBIM X0y IITOKA /o= 145 MM.

[InaBaromuii OpIIEHb pacCMaTPUBAETCA KaK TBEPAOE TENO, M €r0 MHEPLUOHHBIE XapaKTEPUCTUKY OIUCAHBI B
3anucu Ne 53. Tak kak Iu1aBarolMi MOPIIEHb MOXKET IepeMeaThCsl OTHOCUTENBHO ITOKA, TO OH HE UMEET CO IITOKOM
00IIMX Y3JI0BBIX TOYEK, a OJHOCTOPOHHSIS CBSI3b MEXIY HUMH OIMCAaHa HEeyAep)KHBaroliei cBs3blo (3amuch Ne 52) ¢
HYJIeBBIM Ha4daJbHBIM 3a30poM. CxeMa coeflMHEHNS IePEeUYHCIICHHBIX 2JIEMEHTOB TpeicTaBieHa Ha puc.3.3.5a.
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Puc. 3.3.5. CoequHeHne HEKOTOPBIX IEMEHTOB B MOJAEIN MEXAHU3MA: g — CXEMa COEIMHEHHs DJIEMEHTOB
IPY ONHCAHUM HEYJCP)KUBAIONINX CBS3CH IITOKAa M MOPHIHA; O — MIAPHUPHOE COCAWHEHHE HIICMEHTOB,
OIMCBHIBAIOIUX 3BEHbS MEXaHU3MA.

/-nnaBaromuii MOpILEHb, 2 — OTPaHUYEHHUE JBUIKEHUS IUIABAIOLIErO IMOPIIHSA BBEPX; J — OTpaHUYCHHE
JIBUKEHMS IUTOKA BBEPX; 4 — HEYIEP)KUBAIOILAsl CBA3b MEKIY LITOKOM M IHOPIIHEM; 5 — CTEP:KHEBOH
3JIEMEHT, MOJCIUPYIOMNN y9acTOK IITOKA; 6 - OrpaHWYEHHE ABWXKEHHS INTOKA BHM3; 2 — OrpaHUYCHHE
JBIDKCHUS TUIABAIOIIETO TIOPIIHSA BHU3; 8- 3JIEMEHTHI, MOACIHPYIONINH 3BEHbsI MEXaHU3Ma; 9- - SIEMEHTHI,
MOJEIUPYIOIINH INaPHUPBIL.

HekoTopeix moscHeHHI TpeOyeT mpoleaypa CBS3M 3BEHBEB depe3 D3JeMEHTH THuma mrapaup. Cxema,
OTpaXKaroIias PEKOMEHIYSMBIH MOPSAIOK NSHCTBUN B MOAOOHBIX Ciydasx, MpeacTaBlicHa Ha puc. 3.3.56. DieMeHTHI,
MOJICTTUPYIOUINE CBA3BIBAEMBIE IIAPHUPAMU 3BEHbSI, HA CXEME M3HAYAIbHO PACoJIaratoTcsl HA HEKOTOPOM PacCTOSIHUU
Ipyr OT nOpyra. 3aTeM B CXEMy BBOJATCS IIAPHHUPHI, IOCIE UYEro Y3/Ibl 3BEHBEB, CBSA3BIBAEMBIC INAPHUPAMHU,
COBMEIIAIOTCA 0 KOOPIMHATAM.

KunemaTtnueckue rpaHUYHBIE YCIOBHS 3aJaHbI CICIYIONINM oOpa3oM. s OBYyIUIEYero pelyara B €ro y3Jie,

CBSI3aHHOM C KOPILyCOM, 3allpelIeHbl BCE MEepeMENICHHS KpoMe IOBOpPOTa, BOKPYT ocu OZ TiI00ambHONW CHCTEMBI
KOOpAMHAT. B y3max 531IeMeHTOB, MOJACTHPYIOMIMX BEPTUKAJIBHBIA INTOK ¥ IUIABAIOMIMN IOPIICHB, 3aIlpeICHBI
mepeMeIieHuss B HampaBieHnn oceir OX m  OZ. B y3max 31eMEHTOB, MOJICIUPYIOIINX TOPHU30HTANBHBIC IITOKH,
3anpenieHsl epeMelieHrs B HanpasiieHuu ocet OY u OZ.
Mooenv 3n1€2a306020 6wviKNIOUAMeENA. DIEMEHTB, MOJCIUPYIOIIUE 3JIEra30BbIM BBIKIIOYATENb, PACHOJIOKEHBI B
obnactu [ puc. 20.3.4. ®duzndeckas MOJIelIb pacCMaTPUBAEMOii YacTH 00bEKTa MPEeJICTaBlIeHa B BUJIE Maphl [HIHMH/POB,
3aMIOJIHEHHBIX T'a30M, NPH JIBHKEHUH IITOKA KOTOPBIX MPOHCXOMUT UCTEUEHHE Tra3a M3 OJHOTO IMJIMHApPA B APyrou
Yyepe3 OTBEPCTHE, CEUeHHE KOTOPOTO M3MEHSETCS NP CMENICHUH MOJIO0XKESHUS OPIIHSI OTHOCHTENBHO mToKa. Cxema
YCTpOHCTBa mpenacTaBieHa Ha puc. 20.3.2.

OcHoBHble pazmepbl: D; =57 mMm; D, =210mM; D; =35mm; Dy =25 mvm;

Ds =36 mm; Ds = 115Mm; L, =73 wmm; L, =115mMm; L; =25 mm.
Ha puc.3.3.6a npencrasiena ¢usuueckas MOJENb JaHHOTO YCTPOMCTBa U CXeMa Npe/ICTaBIeHUs eg
COBOKYITHOCTBIO KOHEUHBIX JIEMEHTOB.
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Puc. 3.3.6. MopnenupoBaHue »3IIera3oBOro BBIKIIOYATENS: a — (U3MUecKas MOJeNb YCTPOWCTBA U

MpEeJICTaBICHUE €€ COBOKYITHOCTHIO KOHEYHBIX 3JICMEHTOB; 6 — K BOIIPOCY MOCTPOCHUS TAOJUIBI 3HAUCHUHA
(I)yHKIII/II/I 3aBHUCUMOCTH IIJIOMIaJIA MTONIEPEYHOI0 CEYCHU A KaHajla OT IEPEMEIICHU A ITOPIIHA.

1 - dpJIeMEeHT UMIUHAP-TIOPIIEeHb, MOJEIUPYIOMUN MOJOCTh MpuéMa rasa ; 2 — DJIEeMEHT peryiupyeMoe
MECTHOE COMPOTHBIICHHE, MOJENUPYIOMNNA W3MEHEHHE IUIONMANX KaHajla TeYeHHs rasa; 3 — JIEMEHT
TBEPAOE TEJO, MOAEIUPYIOLIMI MHEPLUOHHBIE CBOMCTBA IOABM)KHBIX 4YacTeld yCTpOMCTBA ; 4 — BIIEMEHT
MUIHHAP-TIOPIIEHB, MOICITHPYIOIIHIA TOJIOCTh CXKATHUS Ta3a.

X cMemieHHEe TOIBIKHBIX YacTEH OT MCXOAHOTO MOJIOXKCHHS B TOYKAX OMNpEHCICHHS CCUCHHH KaHaia
TEUYEeHHUsI rasa, § — MeCTa MUHUMAaJIbHBIX 3HaYSHHH IJIOIAAN CEYCHUsI KaHalla TeUeHus rasa.

Ouzndeckn 00BEKT MOXKHO HPEACTaBUTHh B BHUIE JBYX ILIUIMHIAPOB C OOMIMM IOPIIHEM, MOJOCTH KOTOPBIX
coennHeHbl KaHaioM. IIpu 3TOM miomaznp kKaHana 3aBHCUT OT MEPEMEINEHHs MOPIIHS OTHOCHTENbHO HmuHapa. [Ipn
JIBIDKCHUH TIOPIIHS Ta3 CXKUMAETCsl B OJIOCTH CXaTusl P M CTeKaeT B 10JI0CTh npuéma rasa P, . CBoiicTa rasa u ero
HavdaJIbHbBIC TTapaMeTpPhl U JTaHHOW TPYNIBI 3JEMEHTOB 3a1aHbl B 3ammcu Ne 23. [lomoctu cxxatus n mpuémMa sierasa
IIPEACTAaBIICHBl JJIEMEHTaMH THNA LWIMHIAp-TiopiieHb (puc. 3.3.6a, mo3.l1 u 4) . VHepiuOHHBIE XapaKTepHCTHKH
MIOJIBMDKHBIX YacTel MpeiCTaBIeHb! TBEPABIM TenoM (1o3. 2), Kananm nmepeMeHHOro ce4eHHs MpeCTaBlICH 3JIEMEHTOM
THIA PETYIUPYEMOE MECTHOE CONMpPOTHBJIEHHE (103. 3), B KOTOPOM B Ka4yeCTBE YIPABISIONIETO y3ja .OTH DJIEMEHTHI,
MOJICJIUPYIOIINE PACCMAaTPUBAEMbIC YCTPOKMCTBA (TIpaBoOe U JICBOE), OMUCAHKI B 3amucsax Ne 24-31 Habopa TaHHBIX.

Jns perynupyemMoro MECTHOTO COINPOTHBIICHHS HEOOXOOWMO 3aJaTh 3aBUCHMOCTb CEYEHHS KaHala OT
MEpEMEIIEHNs PETYINPYIOLIETO y3/1a B TabanyHoM Bue. [Ipu 3ToM 3Ha4eHUs] QYHKIHH AOJKHBI OBITH PACIOI0KEHBI
B IOpsiKe Bo3pacTaHusi aprymenrta. Ha puc.3.3.60 mpencraBieHa cxema IOCTPOCHUS JTaHHOW 3aBUCHMOCTH. Jliis
W3IETHS  OIPEAEIAIOTCS BEIMYMHBI CMEIICHHS MOJBIKHBIX YacTell OT MCXOJHOTO MOJIOXKEHHUsS X, # ONpenesnstoTcs
3HaueHMs IUIOIIAIM KaHayla B HambOonee y3kux Mmectax. Ha cxeme, mpencraBieHHOW Ha puc.3.3.60, 3Tm Mecra
o0Oo3HaueHbl OykBOH s. B maHHOM ciydae 5Ta miomazne OyAeT paBHa IUIOMIAAM KOJBLEBOTO 3a30pa MEXIY
IIOABHXHBIMU W HECIIOJABWXHBIMU YHYaCTsAMU B 0603Ha‘-IeHHBIX MecTax. CJ'[CI[yeT HUMCETb B BUAY, YTO MJISA BBIKIIIOYATEIIA
PAacIoJI0KEHHOTO CIIpaBa MEPEMELICHUs YIPaBISIONIero y3Jia, B COOTBETCTBUU C BBHIOPaHHOH CHCTEMOW KOOpJAMHAT,
OTpUIATENbHBl 10 3HAaKy, IIO3TOMY 3HAa4YeHHWs apryMeHTa (yHKIMM B Tabnuue A 3TOro 3JeMeHTa OynayT
pacrosaratsCsi B 0OpaTHOM IOPSZKE.

Mooens ynpagnaioujezo knanana. DIEMEHTHI, MOACIUPYIONINE YIPABIAIONMN KJIAaH, PacIIoJIoXeHbl B obsactu 2
puc. 3.3.4. Bonee mogpoOHO 3Ta YacTh MOJENH IpeACTaBiIeHa Ha puc. 3.3.7.

Peryar (1103./) mpeacraBiieH CTEp)KHEBBIMH AJieMeHTaMu (3anuch Ne 87), y3es1 KOTOPBIX COOTBETCTBYIOIIMHA OCH
pblYara ImapHUpPHO 3aKpeluI€H. KOHTakT MexXIy BepXHHM IUICUYOM phblyara M CepledHHKOM 3JIEKTpoMarHura (1os.2)
MIpeCTaBIIeH HeyaepkuBaromeil cBs3bio (3amuch Ne 93). KoHTakT MeXIy HMKHHUM IICUOM phblUara M IITOKOM (I103.3)
TaK)Ke TMpeACTaBlieH HeylepkuBawolei cBs3pio (3amuch Ne 95). CepnedHuk 3jieKTpoMarHuTa (1mo3.4) mpeacTaBieH
TBEpaEIM TenoM (3ammck Ne 90). Ycmmme snexTpoMarauta (103.5) pacCMOTPEHO KakK IOCTOSHHAS 110 BEJIIMYHHE CHIIA
(3armmcp Ne 91). OrpaHmueHHe XoAa CepledHHKa >JIEKTPOMAarauTa (1o3.6) MPEeACTaBICHO HEYICpKUBAIOIICH CBSA3BIO
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MEXIy CEpJCYHUKOM U 3aKpeIIEHHBIM y3JI0M (3amuch Ne 94) ¢ BeNWYMHON 3a30pa B UCXOJHOM TIOJIOKEHUH PaBHBIM
XOMy cepaeuHuka hy,. [Ipyxuna (1mo3.7) npeacraBieHa OTHOMMEHHBIM dJIeMeHTOM (3amuch Ne 82). JleiicTBue naBIeHUs
Ha IIapUK U3 TPABOU IONIOCTH KIIATIaHA MPEICTABICHO 3JIEMEHTOM HIIMHAP-TIOPIICHB(T103.8) ¢ JUaMeTpOM IMITHHIIPA,
paBHBIM THAMETpPy IIapHKa W THAMETPOM IITOKa paBHBIM Hyro (3amuchk Ne 81). Illapuk mpencraBieH Kak TBEpHOE
testo(1103.9) u omucan  (3anmck Ne§4 ). KoHTakT MexIy cemioM M mapukoM (103. /() NpeacTaBiIeH CBA3BI0 MEXIY
IIApUKOM M 3aKpeIuiéHHbIM y3ioM (3anmuch Ne 83). IlTox KilamaHa NpeNCTaBIEH COBOKYIHOCTBIO CTEP)KHEBBIX
anemMeHToB (103./7/) (3amuch Ne 89). JleificTBue naBieHHMs Ha TMOPIUIEHb IITOKA M3 JIEBOM MOJOCTH KIiamaHa
MIPECTABIICHO 3JIEMEHTOM LIMJIMHP-TIOPIIEHb (1103./2) ¢ COOTBETCTBYIOLIIMMH AMAMETPAaMHM IITOKA M IOPIIHS (3aIich
No 80). DneMeHT peryaupyemblid JIpoccenib cOonmpoTuBieHHe (103./3, 3amuch Ne 92) ommchiBaeT 3aBHCUMOCTH
COIIPOTUBIICHHS JBHXKCHUIO JKHIKOCTH B CEYEHHH MEXIy LIAPUKOM M CEIUIOM KJalaHa OT MepeMelleHHs IIapuKa.
[momans cedyeHws, 3amaBaeMas B BuAE (PYHKIMH OT TIepeMEIICHHUS, ONpEHesUlach Kak IPOU3BEACHUE JITHHEI
OKPY>KHOCTH TIPOXOIHOTO CEUCHUS Ha BEIMYWHY CMEUICHHA IIapuKa. Pa3BeTBieHHsS TpyOOmpoBOIOB (1103./4,103.15),
ormcanHble B 3anucsix Ne 78,79, obecrieunBaroT HEOOXOMUMYIO [UIst pa0OTHI 3JIEMEHTOB THIIA TOPIICHb-IIIMHAP CBA3b
ITOTOKA JKUAKOCTH C UX TIOJOCTSIMHA
B Touke D paccMoTpeHHas rpyIia 3JIeMEeHTOB COSANHSIETCS ¢ YCKOPUTEIbHBIM KIIallaHOM.
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Puc. 3.3.7. MopenupoBaHue yNpapisAIONIero KiamaHa: ¢ — CXeMa YCTPOWCTBA M TpeJAcTaBlIeHHe e&
COBOKYITHOCTBIO KOHEUHBIX 3JIEMEHTOB; 6 — CBS3b DJIEMEHTOB.



45

Mooens yckopatouiezo kranana. DIEMEHTHI, MOACTUPYIONTNE YCKOPSIOMINI KilamaH, pacioiokeHbl B o0iactu 3 puc.
3.3.4. bosiee moapoOHO 3Ta YACTh MOJIENIM IPEACTaBICHa Ha puc. 3.3.8.
DNeMeHT MUINHAP-TIOPIIEHb (1103./) MOAETHPYET JIEBYIO TOJIOCTh KIIAllaHa M eT0 ITapaMeTphbl OMUCAHHI B 3amuch Ne 71.
Ero mmamerp mpuHAT paBHBIM D,,, OHaMETp INTOKA — HYJIO, a AWAMETp MOABoAa - d,. OrpaHMYeHHe XOfa IITOKa
kJanana (1103.2) IpeIcTaBIeHO HEyACP)KUBAOLIEH CBSI3bI0 MEXK/Ty IITOKOM M 3aKpeIIEHHBIM y3JIoM (3amuck Ne 76) ¢
BEJIMYMHOM 3230pa B UCXOIHOM IOJ0KEHUU PaBHBIM XOJTy IITOKA /1y .

() o

L3

6)

15/ 7 5

Puc. 3.3.8. MognenupoBaHrne YCKOPSIOIIEro KiamaHa: ¢ — CXeMa YCTpOWCTBA M TIPEACTaBIICHHE e¢
COBOKYITHOCTBIO KOHEYHBIX 3JIEMEHTOB; 6 — CBS3b JJIEMEHTOB B CXEME.

[pyxuna (103.3) Moaeaupyercsi OAHOUMEHHBIM 3JIEMEHTOM, CBOWCTBAa KOTOPOTO OMMCAHBI B 3amucu Ne 72.
KoHTakT MexIy IITOKOM KiamaHa M ceioM (103.4) IpeAcTaBleH HeyAepKuBaromel cBs3pio (3ammch Ne 77 ) ¢
3a30pOM B MCXOIHOM IOJOXEHHUH PAaBHBIM HYIO. DJIEMEHT LWIMHAP-TIOPUICHDb 103.5, ONHCAaHHBINA B 3amucu Ne 74,
MOJICNIUPYET ACHUCTBHE NABIEHUS XUJIKOCTH , TMOJBOJAMMON K IPaBOW MOJOCTH OT PacHpeAeTIHTENbHOr0 KialaHa, Ha
mrok. Ero auamerp npuHAT paBHEIM dy, @ JUaMETp MITOKA — Hymo. CONpPOTHBICHNE JBIKCHUIO )KUIKOCTH B CCUCHNUH,
MEKAY CEIIOM M IITOKOM KJalaHa MOEIHMPYETCsl 3JIEMEHTOM THIA PeryiaupyeMbli apoccens (11o3.6, 3amuch Ne ),
YIIPaBISIONIMM ITEPEMEIIEHHEM KOTOPOTo SBIISETCs MepeMelIeHHe IITOKa KilarnaHa. BennunHa npoxomHoro cedeHus S,
3ajaBaeMasi Uil 3JEMEHTa JaHHOTO THNA B BUAE (PYHKIMHM OT YNPAaBISIOLIETO IIEPEMEIICHUs, OINpeAeiseTcs Kak
IIPOM3BEJICHUE TIEPUMETPA OKPYXXKHOCTH Ha BEJIMYMHY CMEIeHUs mrToka S = Tt diy Xiy, TAe Xiy — CMEeIleHHne IITOKA B
paccmarpuBaeMoil Touke ompeneneHust QyHkuuu. lltok (mo3.7, 3ammce Ne 75) paccmarpuBaercsi Kak abCOIIOTHO
wEctkuii. PasseTBiienue (1mo3.8, 3amuchk Ne 96) obecnieunBacT CBsI3b MOJOCTH 3JEMEHTA IUJIMHIAP-TOPIICHD (1103./) ¢
MTOTOKOM KHMJIKOCTH.

Modens pacnpedenumensbnozo Kianana. INEMEHTbI, MOJCIUPYIOIINE PacTIpeJeIUTENbHbIN KiIanaH, Ha o0mmeil cxeme
pacmosiokeHs! B obnactu 4 puc.3.4. boiee moapoOHO 3Ta YacTh MOJICIH MPEACTaBicHa Ha puc. 3.3.9.

OJeMeHT THIlAa IWIMHAP-HOopHIeHs (1o3./, 3anuck Ne 60) MomenupyeT B3aMMOJAEHCTBHE LITOKA KiamnaHa C
XKHUJKOCTBIO B €TI0 JIEBOH 1moJyiocTr. Ero quamerp npuHsT paBHBIM D), AUAMETP ITOKA — HYJIO, a JMAMETpP MOABOAA - do
HeynepxwuBatomas cBsi3p MEXAY IITOKOM M 3aKpEIUIEHHBIM y370M (1103.2 , 3amuch Ne 65) onmmchIBaeT orpaHuyueHHE
XO/la IITOKa KJamaHa. 3a/JaBacMbIil JUIS ATOW 3allMCH 3a30p B MCXOIHOM IIOJIOXKEHHH PAaBEH MaKCHMaJIbHOMY XOAY
mrroka.llITok knamana (1o3.3) MoAeNupyeTcss COBOKYITHOCTBIO CTEPIKHEBBIX 31€MEHTOB (3amuch Ne 59).
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Puc. 3.3.9. MonemmpoBaHue pacupeleInTeIbHOTO KIAlaHa: @ — CXeMa YCTPOWCTBA W NpEACTaBIICHHE e&
COBOKYIHOCTBIO KOHEYHBIX 3JIEMEHTOB; 6 — CBSI3b 3JIEMEHTOB B CXEMe.

9

DIeMeHT THIla MIINHAP-TIOpIIeHs (103.4, 3amuck Ne 64) MomemupyeT B3aWMOJICHCTBHE IITOKA KiIamaHa ¢
HUJKOCTBIO B €ro mpaBoii moyioctu. Ero auaMerp mpuHAT paBHbIM D), TMaMETP MITOKA — HYJIIO, a JUaMETp MOJBOJIA -
ds,. Pa3BetBnicHme (1103.5, 3amuch Ne 61) obOecrieurBaeT CBA3b MOJOCTH AIEMEHTA [IUIMHAP-TIOPIICHS (1103.4) ¢ TOTOKOM
XKHUIKOCTH. Perymupyemsiil npoccens (1103.6, 3amuchk Ne 66) ONHChIBA€T H3MEHEHHE MTPOXOIHOTO CEYEHUS MEXIY JIeBOI
U CpeqHEel TMOJOCTSAMHU KialmaHa TpH TEepeMelnIeHMH TOPU30HTAIILHOM IepeMelneHnn mroka. Kak u B paHee
PacCMOTPEHHBIX CITy4dasX, KOHKPETHbIC BEIMYMHBI IUIOMIaIN CEUCHHUS, COOTBETCTBYIOIINE 3HAUCHISIM IEpEeMEIIeHIs
IITOKA, ONPENeIIINCh KaK MPOHW3BENEHHE JIMHBI OKPY)KHOCTH D), Ha BeIWYHHY cMemieHus. PasperBienue (1o3.7,
3armuch Ne 62) ONMUCHIBAaeT peaibHOE Pa3BETBICHUE ITOTOKA KHIKOCTH B CPEIHEH IMOJIOCTH IHIMHApPA. Perymupyemsrit
npoccensb (1mo3.8, 3amuch Ne 67) OMUCHIBACT M3MEHEHHE MPOXOIHOTO CEUCHHS MEXIy MPABOU W CPEeIHEH IMOIOCTIMHU
KJIaTlaHa TIPU TePEMEIICHUU TOPU30HTAIBHOM TMepeMeIeHrH mToka. TpybomnpoBoa (1103.9, 3amuce Ne 63) onucsiBaeT
MOJIBOJT JKUJIKOCTH K CIIMBHOMY OTBEpCTHIO. MecTHOe compoTuBieHue (mmo3./(0, 3anuck Ne 70) OmUCHIBacT MOTEPH
JIaBJICHNUS Ha CJIMBE JKUJIKOCTH U3 CPEIHEN MOJIOCTH LMITHHPA Yepe3 OTBEPCTHE dsp.

Mooenv pabouezo yununopa. INEMEHTHI, MOACTUPYIOIIHE padOUMil MIMHAP, PACIOIOKEHBI B o0acT 5 puc. 3.3.4.
Bonee moapoOHO 3Ta 9acTh MOJENH IpeAcTaBieHa Ha puc. 3.3.10.

OneMeHT THIa IMIHHIP-TIOpIIeHb (1mo3./, 3amuck Ne 40) mMomenmpyeT B3aWMOJCHCTBHE INTOKA KiamaHa ¢
KHUJIKOCTBIO B €T0 MpaBoi monoctd. Ero nuamerp npuHAT paBHBIM D), AMAMETP MTOKA di, , @ THAMETP MOIBONA - iy

[TaBaromtwii MOPIIEHs MPEACTABICH AIEMEHTOM THITA XECTKOE Teno (1mo3.2, 3amuchk Ne53). Heynep:xxuparomas
CBsI3b MEX/Ty TUTABAIOIIMM MOPIIHEM U IITOKOM (1103.4) onmcaHa B 3amucu No 42,
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IIpn nBWKEHMHM IUTOKA BHU3 CTPYKTypa IIOJOCTH, HaxXOAsIIEHCs IOJ IUIABAIOIIMM IOpPUIHEM, H,
COOTBETCTBEHHO, Xapakrep e€ ¢yHKinoHupoBanus u3MmeHstorcs (puc.3.3.106 u 2). g MomenupoBaHUS 3TOrO
mporiecca HIKHSAA TIOJIOCTh pabodero MIIMHApA MpPEACTaBICHA COBOKYITHOCTBIO TPEX SJEMEHTOB THIIA LHIHHIP-
mopIIeHs (1mo3. 3, 5, 6) ommcanHbIX B 3amucsax Ne 41, 43 u 42 cootBercTBeHHO. [lomocTn 3THX TUIMHAPOB 00BETNHEHEI
pasBeTBieHHsIMH 8§ 11 9 (3amucu Ne 45 u 46).

DOnemeHT 3 CBs3aH C IUTABAIOMIMM MOpImHeM. Ero muamerp MpHHAT paBHBIM Di,, muamerp mroka D ,, , a
nuaMerp mnoasopa - Di, .3ajgaHue auaMeTpa MOJBOAA PaBHBIM JHAMETPY LWIMHIAPA IO3BOJISIET HCKIIOYUTH U3
paccMOTpeHus IIOTEPHU IPH UCTEUEHHUH, YTO HEOOXOANMO P JAHHOM CIIOCO0E NPEICTAaBIEH s MOJIETH 00bEKTa.

DNeMEeHT 5 MOJeNnupyeT B3auMOJACHCTBHE YacTH MAaJIOrO IIOPIIHS, OTPAaHMYEHHOTO IHaMeTpoM Do, H
JIMaMETPOM JIPOCCENILHOM MAiObl )y, SBISIOLIETOCS YaCThIO IITOKA, C )KUAKOCTBIO. Ero nuamerp npuHAT paBHBIM Doy,
, THAMEeTp IITOKA paBeH IUAMETPy OTBEPCTHS B OPOCCENBbHOH maitde dh, , a muamerp moxsoxa — D,, . C y3iowm,
COOTBETCTBYIOIIIM OTBEPCTHIO MCTEUCHHS U3 JTAHHOTO DJIEMEHTa COCOTUHEH PEryIHpYeMBIH IPOCCeh(I03., 3amuch Ne
47), KOTOpBIH MOJEIUPYET COINpPOTHUBICHHE HCTCUCHUIO >XXHMIKOCTH W3 JJEMEHTa B 3a30p MEXAY TOPMO3HBIM
HaKOHEYHHKOM M JPOCCEIbHONW HIaHO0M. Ora curyanus npeiacrasneHa Ha puc. 3.3.10e. Yopasasromum
NepeMelIeHHEM B IaHHOM Clly4ae sIBJIsSIeTCs IepeMelieHre mToka BHU3. i1 oneMenTa 3a1aercst pyHKIUS IUI0MAAN OT
nepemernieHus. OT MCXOIHOTO MOJI0XKEHHS 0 MOMEHTa BX0Jja TOPMO3HOTO HAaKOHEYHHKa B OTBEPCTHE B JIPOCCEIILHOM
maiibe (puc.3.3.102) TUIOMIams OTBEPCTHS B dJIEMEHTE S MPUHUMAETCS] PaBHOW IUIOIMIAJN OTBEPCTHS B JAPOCCETHHOU
mraiide. 3ateM S omnpezenseTcs MIJIOIAABI0 KOJIBIEBOTO 3a30pa MEXy HAKOHEUHUKOM U miai0oil. Tak kak JABHKEHHE
IITOKa BHU3 B BBEIOPAaHHOW CHCTEME KOOpDAWHAT COOTBETCTBYET OTPHIATEIHHOMY 3HAYCHUIO TEpEeMEIIeHHs, TO B
TaOIUIle 3HAYCHUS YKA3bIBAIOTCS HAUWHAS C HIDKHETO ITOJIOKEHHS IIITOKA.

OneMeHT 6 MOJIENUpYeT B3aHMMOJCHCTBHE YacTH Majioro MOPIIHA JUaMEeTPOM, PpaBHBIM JHAMETPy
JIPOCCENBHON MAOBl by, ABIAIOMIETOCS YaCTHIO MITOKA, C )KUAKOCTHIO. Ero mmamerp MPHHAT PaBHBIM d,,, JHAMETP
LITOKA PaBEeH HYJIIO , & TUaMETP MOJBOJA — oy
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Puc. 3.3.10. MogenupoBanue pabodero MAIHHIpA:
a — cXeMa yCTPOWCTBA U MPE/ICTaBICHUE €€ COBOKYITHOCThIO KOHEUHbBIX AIIEMEHTOB; 6 — CBSI3b DJIEMEHTOB B

CXEMC.

CyMMapHOe CONpPOTHBJICHUE MCTEUYCHMIO KUAKOCTH U3 IMJIMHAPOB Yepe3 IIaildy M OTBEPCTHE HCTCYCHUS
MO/IETIUPYETCS] MECTHBIM CONPOTHBIIEHNEM (3aruch Ne 68).
Mooenv naxonumens. DIEMEHTHI, MOJEIVPYIONIUE HAKOIMUTENb, PacloiiokeHbl B obOyactu 6 puc.3.3.4. Bonee
OIPOOHO 3Ta YacTh MOJICIIH MPEACTaBacHa Ha puc. 3.3.11.

DeMeHT ThTa MUIMHAP-TIOPIIeHb (1103./, 3anuch Ne 35) MonenupyeT B3anMOJICHCTBHAE TOPIIHS AUAMETPOM
D;. ¢ )XuIKOCTBI0. JlHaMeTp ero mroka paBeH HYJII0, a AUAMeTp IOABOAA - d|..
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CrepkHeBoi 3eMeHT (1m03.2, 3amuch No 57) MoAeIUpyeT Maccy,.3aKIiuEHHYI0 MEKIy CHIBOOHOM H
LMWIAHAPOM, W CBSA3BIBACT IUJIMHIAP-TIOPIICHD / ¢ IIHHAPOM-TiopiHeM 3. (3amuch Ne 33), MOaeIMPYIOIIUM CHIIB(OH.

JIist TOCIEHEr0 U3 PacCMaTPUBAEMBIX DJIEMEHTOB B KadecTBe pabouero Tena yKa3blBaeTcs ra3 ¢ HayajlbHbIM
naBneHueM Py, (3ammch Ne 32).

a)

) ch

Puc. 3.3.11. MonenupoBaHne HAKONUTEIS: @ — CXE€Ma YCTPONCTBA W MPEACTaBICHHE €€ COBOKYIHOCTHIO
KOHEYHBIX 3JIEMEHTOB; 6 — CBS3b 3JIEMEHTOB B CXEME.

Kpome paccMOTpeHHBIX 3JIEMEHTOB, B MOJIEIN UMEIOTCS COSTHHUTEIbHBIE TPYyOOIPOBO/IbI, OTOOPAKEHHbBIE HA
0011eM BUIE MOJEIIH.

Pacuém ounamuueckux napamempoe npouyecca padomvt Ovicmpooleiicmeyrouiezo zudponpusodd. B HavdaabHOM
MOJI0)KEHUN B MEXaHU3ME JEHCTBYIOT CHIIBI, BBI3BIBAEMBIEC JABIICHHEM Ta3a B CHIb(OHE, KOTOPBIE CO3JAI0T HAYaIbHbIC
NepeMeIleHnssT M YCHIIMS IIPakTHYecKH BO BceX asJieMeHTax. [lostomy pacuér mpomecca paboTsl 00beKTa IO
MIOCTPOGHHOM MOJENM COCTOMT W3 JByX oTamoB. CHadana HEOOXOOMMO BBIIOJHHUTH pacdéT COIIACOBAHHBIX
nepeMeIleH, 3a1aB, MpeaBapUTeIbHO, HadaldbHbIE YCIOBHS B BHJE HYJEBBIX mepeMmenieHuil no ocu OX B y3nax,
COOTBETCTBYIOIUX CIMBY XKHMJIKOCTU U INEPEMILEHHUIO CepAEYHUKA 3MeKTpoMarHuTa. Ilocine uero BBIIOIHUTH pacuér
IapaMeTpoB JTUHAMUYECKOTO IIEPEXOAHOTO MpoIiecca.

Janee, g wmrocTpanuy, NpeaCcTaBIeHbl HEKOTOPbIE Pe3yIbTaThl BRIITOJHEHHBIX PacuéToB.

Ha puc. 3.3.12. mpencraBieHbl TpaQuKu IEpeMENICHHH CKOpOCTell M yCKOpEHWH y3Ja, HaXOISIIErocs Ha
IITOKE Pabouero ruApOLINHIPA, B BEPTUKAIBHOM HAIPaBICHNU.

Ha puc. 3.3.13. mokazaHel rpaduk H3MEHEHHs YCHIIHUS PACTSDKCHUS-CXKATHSA, JCHCTBYIOMIETO B INTOKE
pabodero ruAPONMINHAPA, BO BPEMEHH.

Ha puc. 3.3.14. mpexncraBneHbl. rpagukn HepeMeIleHHH IITOKOB PaclpeAeIuTeNbHOT0, YCKOPSIOIIETo,
YIOPaBISIOLIETO KJIAIAHOB M CEPJCUHUKA 3JEKTPOMArHuTa B 3aBUCUMOCTH OT BPEMEHHU.

Ha puc. 3.3.15. mokasansl rpaduk H3MEHCHHs MaBJICHHS Ha BXOJC B BEPXHIOI IOJIOCTh pabodero
THIPOLMIINH/IPA, BO BPEMEHHU.

ITo BEIMTOTHEHHBIM BEIYHUCIEHUSM MOXKHO BBIBECTH CAMBIE PA3IMYHBIC TTAPAMETPHI, HEOOXOANMBIE [T aHATIH3A
KOHCTPYKIIUH.
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T = nmepeMemenme no ook OF B y3ae 14 ,mm
t-BpeMA
——]
tmin= 0  tmax= 0.052 Tmwin= -145.214 ¥wax=0.0003594969
i = cropocTe (M/c) mo ocH OF B ysne 14
t-BpeMa
S
.
-\_\_\_\_\_\_ I|'||I
W
tmin= 0  tmax= 0.052 Tmwin= -5.71375 ¥mwax=0.00116263
i = ycropeHMe [M/c*c) oo oo OF B ysae 14
||Ir|n. __rl
— }} = t-BpeMa
[
i
0.05z2 Tmin= -6591.23 ¥Tmwax= Te38.23

Erin= 0 ftmax=
Puc. 20.3.12. I'paduku nepeMerneHuii CkopocTeil 1 yCKOPEHUH MITOKa pabovyero ruApOIMINHAPA B 3aBUCIMOCTH OT

BPEMEHH.
+H

T = Pxi - yoMAMe pacTETHeHMA CHaTHMA cTepxHa( i=36, j=16 |
(]
Y —
| |

{ AN f\ 7 t-epema

!
VAR

123933

0.052 Troin= 142191 Tmax=

tmin= 0 tmax=
Puc. 3.3.13. I'paduk u3MeHEHUS yCHIIUS PACTSDKCHUS-CXKATHS, JEHCTBYIOIIETO B IITOKE paboyero TMApPOLMINHAPA, OT

BpPEMEHU.



¥ = mepememeHnue mo ock OX B y3ne 64 MM (IUToK pacIpefeIHTENEHOTC KIAlaHa)
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E-BpeMA

\

N

tmin= 0

A

[f = mepeMeweHHM

VAN
trax= 0.052

e no ocH OX B ysSne 76

Tmwin= -14.7315 Tmax= -0.217204

LM (LITOK YOEODARIET S KIANaHa)

E-BpeMA

tmin= 0

.

Cimax=

i

f = mepeMewenmMe mo ocH OX B ysne 94 mm

e
0.052

¥Tmin= -1.11181 ¥max=-8.4771ce-019

(IITOK VIIpABIAOLErC KIAIAHA)

[
1
l
1

——

t-BpeMA

trmin= ]

Crax=

f = mepeMmewenMe mo ocH OX B yIne 97 mm

0.052

Trin=-0.00523908 TYwax= 0.0437220

{CEpOEYHHE SIEKTPOMATHHTA)

<

t-BpeMA

™

N

trmin= ]

1o
Puc.

an= 0.052

3.3.14. T'paduku mepeMelIeHUA TEPEMEUICHUNH IMTOKOB PAaCHpPEICIUTEIBHOTO,

Tmin= -5.01395 ¥max= ]

YCKOPSIFOLIETO,
YIIPABJISIFOLIEr0 KIIAMAHOB U CEPEYHUKA ITIEKTPOMATHUTA OT BPEMEHH.

X = Fg - DabBleHue

pabouero Tena B y3ne 37 ,Mia

\

Nod—t L ]

ViR

tmin= ]

L-EpeMa

tmax= 0.052

Fmin= -0.0981 YTmax= 75.9708

Puc. 3.3.15. I'padiik u3MeHeHMs JaBICHHUsI HA BXOJIE B BEPXHIOIO MOJIOCTh pabovero ruipoliInHIPa, BO BPEMEHH.
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4. IIpoueccel Temonepeayu

4.1. TennonpoBOAHOCTD YEPE3 IIIOCKYIO CTEHKY

[Mpumep pacnonoxen B painax 1IlnockasCrenka [.zna, 1ITnockasCrenka Il.zna, 11TnockasCrenka II1.zna

®opmyanpoBKka 3agaud. PaccCMOTpUM IUIOCKYIO CTEHKY M3 OJHOPOJHOrO MaTepuana. BeicoTy U JiuHY
CTEHKM OylneM CuHuTaTh HACTOJIBKO OOJNBIIMMH II0 CPaBHEHUIO C €€ TOJIIMHOW J, 4TO TeMIeparypa B OSTHX
HaIpaBJICHUAX NMPAKTHYECKH HEe MeHseTcs. [lomaraeM Ha 0IHOW CTOPOHE CTEHKH, T. €. Ipu X = 0, TeMIiepaTypy paBHOI
t,, a Ha IPpYToil CTOPOHE, T. €. IPU X =0, TEMIIEPATypy PaBHOM &,.

Pacuernast cxema npeacraBieHa Ha pucyHke 4.1.

N

/

Pucynox 4.1

OnpenenuTs pacipeneneHre TeEMIepaTyp Mo TOMIHHE CTEHKH.

ITono6Has 3agada OTHOCKUTCA K TpyIIE KIaccuieckux 3anad. Ee pemenne n3noxeHo B [1] m MHOTHX Apyrux
HCTOYHHKAX.

AHaJMTHYeCKOe pelleHue: BBIPAKEHNE AT TEMIIEPATyPHOTrO MO

Hcxonnble nannble. TommuHa crenku 0=200 (',10_3 M. Temmeparypa Ha OJHOW MOBEPXHOCTU CTEHKHU
t,=100°C, na gpyroi £,=20°C.

Pazbuenne Mozenu IUIOCKOM CTEHKH W3 OOBEMHBIX 3JIEMEHTOB [UIS DA3IMYHBIX BAapHAaHTOB pacyera
Ipe/CTaBieHbl B Tadnune 4.1.

Tabmuna 4.1
[TapameTpsI CETKH 3JIEMEHTOB,
BapuanT pacuera
ngXngXng,
I 10x10%2
11 10x10%4
11 CeTka mpor3BOIBHON (HOPMBI

Ha pucynke 4.2a, 6, ¢ TpencTaBicHbl BBIBEICHHBIC HPOrpaMMOW KapTHUHBI paclpeleieHHs TeMIepaTyp
MOJEJICH, COOTBETCTBYIOLIMX BAapHAHTOB pacyeTa, ¢ HAHECEHHBIMU Ha HHMX 3HAYCHHUSIMH TEMIEPATyp B KOHTPOJBHBIX
TOYKaX.

CpaBHEHHE KOHTPOJIUPYEMBIX I1apaMeTPOB, PACCYMTAHHBIX MO NPHUBEACHHOM BhIIIe GopMylie, U MOTYUYCHHBIX
YHCJIEHHBIM METOJIOM, NIPE/ICTABICHO B TadiuLe 4.2.
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Pucynok 4.2. Pacnipenenenue Temneparyp B IIIOCKOH CTEHKE:
a — Bapuanr I, 6 — Bapuanrt II, 6 - Bapuant III.

Tabmuua 4.2.
Bapuant | Kontpomupyemble | AnanuTudeckoe | PemieHue dncieHHBIM e %
pacuera napameTrpsbl pelieHue METOIOM ’
I fi=100 _°C 60 60,000 0
li=s0  °C 80 80,000 0
II L =100 °C 60 60,000 0
fi=200 ,°C 40 40,000 0
te=s0  oC 80 80,001 )
11 =100 _°C 60 60,000 0
fe=200 ,oC 40 40,000 0




54

4.2. TenaonpoBOAHOCTh Y€PE3 MHOTOCIONHYIO MJIOCKYIO CTEHKY

[Tpumep pacnonoxen B daiine 2[1nockasCrenkaMHOrocnoiH.zna

®opmyanpoBka 3agaun. PaccMOTpUM MHOTOCIIOMHYIO TJIOCKYIO CTEHKY COCTOSIIIYIO M3 CIOEB PaziIM4YHBIX
MaTepuanoB. BeICOTY W JHUHY CTEHKH OyJeM CUMTaTh HACTOJBKO OOJBIIMMHU IO CPABHEHHUIO C €€ OOIIEeH TOIIHUHOM,
YTO TEMIepaTypa B ITUX HAlPaBJICHUSIX NPAKTUYECKH He MeHseTcs. IlycTh clieBa IUIacTHHA OMBIBAETCS CPENoH C
TEMIIEpaTypor ¢ U KO3(Q(UIMEHT TEII00TAaYN MEXy IUIACTUHON M Cpeloi paBeH i; TE e ImapaMeTpsl CrpaBa OT
MIJIACTHHBI 0003HAUNM Yepes £, U &, COOTBETCTBEHHO.

OnpenenuTs pactpeneIeHue TEMIIEPATYP oy ; TIO TOJIIMHE CTCHKH.

PacuerHast cxema npecraBieHa Ha pucyHke 4.3.

Pucynox 4.3. Pacuernas cxema. TemmepaTypHOe TmoNie B
MHOTOCJIOMHOM INIOCKOH CTEHKE

VAN

Q
M
\k"‘
\
=
A
|

\
N
\

5 /o
A 7}7‘7[ e
/1

[Tono6Has 3aga4a OTHOCUTCS K IpyIIe Kiaccuyeckux 3anad. Ee pemenne n3inoxeHo B [1] 1 MHOTHX Opyrux
HUCTOYHUKAX.
AHAJIMTHYeCKOe pellleHHe: BEIPaXKEHNE [T TEMIIEPATypHOTO MO

k

tcmlztl_(tl_tz)a_]"

|_—
|_—
/

i

tcmi+1 :tcmi_(tl_IZ)/l_k’.
1

k
tcmn+l (tl t2)a2+t2'
arare

b6
k= !
1 i=n ; 1 .
a, S A 0

3nech k - k03 UIKMEHT Temnonepesauy 4epe3 MHOTOCIOHHYIO INIOCKYIO CTEHKY.
Hcxonnbie mannble. TommuHa creHkn 0=200 (, 1()_3 M. Temmeparypa #=100°C, Ha npyroit £=5°C.

Koadhduuuent remmonposognoct A=74,5 Br/mldpan, A,=209 Br/mldpan, A;=64 Br/mpan, A:=393 Br/mdpan.
Kosdppuuuent Temnoornaun ;=200 Br/m*mpax, a»=100 Br/m*Mpan.

Ha pucynke 4.4 mnpejacraBjieHa BbIBEISHHAsA MPOrPaMMOM KapTHHA PAaCIpeNelieHHs TEMIIEPATYP B MOJEIH C
HAaHECEHHBIMU 3HAYEHHMAMH TEMIIEPATYP HA IPAHMIIAX CIIOEB.

CpaBHeHME KOHTPOJIMPYEMBIX TTAPaMETPOB, PACCUNTAHHBIX 110 TIPUBEICHHOMN BEIIIE (POPMYIIE, W TTOMYUYCHHBIX
YUCIIEHHBIM METOJIOM, IPEACTABIEHO B Tabuuie 4.3.
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OBMEHT aITeT
ocelr K

Y<X T -TEMOEPATYPa NMPM CTAMOMAPHOM NPOUECCE, Dhal

6.38e+001

6.29e+001
6.15%9e+001

Pucynox 4.4. Pacripenienenue Temmneparyp B INIOCKOH MHOTOCTIOHHOMN CTEHKe

Tabmuna 4.3.
KouTtponupyemsle | Ananutuuyeckoe | PemeHue 4uCIEHHBIM € O

rnapaMmeTphl peuexHue METOIOM » 70
tm1, °C 71,548 71,549 -0,001
tema, °C 69,366 69,366 0,000
tems, °C 67,813 67,811 0,003
toms, °C 62,732 62,730 0,003
tows, °C 61,907 61,903 0,006
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4.3. TenaonpoBOAHOCTh Yepe3 HMIMHIPUUECKYIO CTEHKY

[Mpumep pacnonoxen B dainax 31 unCrenka l.zna, 31{unCrenka Il.zna.

®opmynnpoBKa 3afayd. PaccMOTpUM NMIMHAPUYECKYIO CTEHKY M3 OJHOpPOAHOro Matepuana. Ha
BHYTPEHHEW MOBEPXHOCTH UWIMHApPA 3a/JaHa Temreparypa f, a Ha HapyXHOH f,. BHyTpeHHuii paguyc paBeH R,
HapyKHbI R,. J[mMHAa OWIMHApPA MOCTAaTOYHO BEJIMKA [UIS TOro, 4YTOOBI IpeHeOpedh MEPEeTOKOM TeIlia K ero
TOpLIaM BIOJIb OCH X.

Pacuernas cxema npezcTaBieHa Ha pUCYHKe 4.5.

OpHEeHTAIMA
oC el TCE R

/

Pucynox 4.5

OmnpenenuTs pacnpeeneHne TEMITEPaTyp MO TOJIIIHHE CTCHKH.

[Tono6Has 3agaga OTHOCKUTCA K IpyIIe Kiaccnyeckux 3anad. Ee pemenne n3noxeHo B [1] 1 MHOTHX Opyrux
NCTOYHHKAX.

AHaTUTHYeCKOe pelleHne: BEIPAKEHUE [l TEMIIEPaTypHOTO OIS

t,—t
t=t,— 1R2-lnR£
In—> b

R

1

HUcxoanble aaHHBIE. R1=10(',]()73 M, R2=50('J1073 M. Temmeparypa Ha OIHON TMOBEPXHOCTH CTEHKH
t,=20°C, na npyroi £,=200°C.

Paz0OucHrie Monmenu NMUIMHAPUICCKON CTEHKH U3 OOBEMHBIX 3JICMEHTOB JUIsl Pa3IHUYHBIX BapUAHTOB pacyera
MPEJICTaBIICHEI B TabuIe 4.4.

Ta6numa 4.4.
Bapuant [TapameTpsl ceTkn
pacdera JIEMEHTOB
I KoHneHTpuyeckas ceTka
11 [IpsimoyronbHast ceTka

Ha pucynke 4.6a, 6 TpeICTaBICHBI BBIBEJCHHBIC HPOTPAMMON KApTHHBI PACIpEICIICHHUs TEMIICPaTyp B
MOJIENIAX, COOTBETCTBYIOIIMX BapHUAHTOB pacyeTa, ¢ HAHCCEHHBIMU HA HUX 3HAYCHUSMH TEMIICPaTyp B KOHTPOIBHBIX
TOYKaX.

CpaBHEHHE KOHTPOJIUPYEMBIX TTApaMETPOB, PACCYUTAHHBIX 110 MPUBEICHHOHN BBINIC ()OPMYIIC, M MOTYICHHBIX
YUCJICHHBIM METOJIOM, MPEACTaBIeHO B Tabymie 4.5.
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Pucynoxk 4.6. Pacripenenenue temneparyp B IUIMHIPUIECKON CTEHKE CTEHKE:
a — Bapuanr I, 6 — BapuanT II.

B L L

e

Tab6muma 4.5
Bapuanr | KonTponupyemsle | AHaIMTHYECKOE Pemenue uncneHHbIM € O
pacuera HapameTpsl peleHne METOZIOM » 78
TR=150m _°C 65,347 65,005 0,523
LR=25um _°C 122,478 122,153 0,265
I
L R=35 ,°C 160,109 159,919 0,119
! R=45 ,°C 188,216 188,157 0,031
LR=15 wn ,°C 65,347 64,257 1,668
TR=250 _°C 122,478 121,791 0,561
II
TR=350m _°C 160,109 159,755 0,221
TR=a500 _°C 188,216 188,107 0,058
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4.4, TCHHOHpOBO,Z[HOCTB qcpe3 MHOI‘OCJ’IOfIHyIO MUIMHAPHUYCCKYIO CTCHKY

[Tpumep pacnonoxen B daiine 4l{unCrenkaMHOrociolH.zna

®opmyaHpoBKa 3aAa4yd. PaccMOTpUM MHOTOCIONHHYIO NIMIMHIPUYECKYIO CTEHKY COCTOSIYI0 U3 CIOEB
pa3nuuHbIX MarepuanoB. Ha BHyTpeHHell NOBEPXHOCTH LWIMHApA 3aJaHa TeMIeparypa f;, a Ha HapyXHOH f,.
Buytpennuit pagnyc paBeH R, Hapyxueii R,. /I[nmHa [OMAMHApa JOCTaTOYHO BEJMKAa I TOTO, HYTOOBI
npeHebpeyb NepeTOKOM TeIlIa K €ro TOpIaM BJIOJIb OCH X.

OnpenenuTs pactpeeIeHue TEMIIEPATYP e ; TIO TOJIIMHE CTCHKH.

PacuerHast cxema npeacraBieHa Ha pucyHke 4.7.

t — ] t
1 L] 2
t
cml
Pucynox 4.7. PacuerHas cxema. TemmepaTypHOe Imoiie B
? v MHOTOCJIOMHOM IUINHAPUIECKOH CTEHKE
/ t
cmS

8
A
\k“‘
\
=
A
*1’91

\
N
\
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/

)
A 7}# e
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[Mono6Has 3agada OTHOCHUTCS K IpyIIe Kiaccuieckux 3anad. Ee pemenne n3noxeHo B [1] ¥ MHOTHX Jpyrux
HUCTOYHUKAX.
AHaTUTHYeCKOe pelleHne: BEIPaKEHUE IS TEMIIEPaTypHOTO OIS

k(:
e Lt 2 i
=l e

k*{ Ri+1
-In——
27li R,
k*{
2nR ., a,
ulcmi+1:tcmi_(tl_t2)z’}é’
66
21

+1,.

k*{

3neck k - k03 GUINEHT TeIonepeiadn IIOrOHHOTO MeTpa TPyObI.
Hcxonnbie nannbie. R=10 |, 10_3 M, R;=50 ( 10_3 M. Temneparypa cpenbl Ha BHYTPEHHEU IIOBEPXHOCTH

crenkn t=100°C, Ha BHemHel - ,=-10°C. Koahduruent termonporoaunoctu A;=74,5 Br/Mpan, A,=209 Br/mdpas,
As=64 Br/mlOpan, A,=393 Br/mdpan. Kospdument temnoornaun =200 Br/M’Mpan, a-=100 Br/m mpaz.

Ha pucynke 4.8 npencraBieHa BBIBEACHHAsS NPOrpaMMOIl KapTHHA paclpelesieHUs TeMIepaTyp B MOJCIH ¢
HaHECEHHBIMH 3HAUCHHSIMH TEMIIEpaTyp Ha IpaHHIaxX CJIOEB.

CpaBHEHHE KOHTPOJIMPYEMBIX IapaMETpOB, PACCUMTAHHBIX MO TPHUBEICHHBIM BHIIIE (GOpMyJIaM, H
MTOJTyYEHHBIX YMCIIEHHBIM METOJIOM, TPE/ICTaBIeHO B TabnuIe 4.6.
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OuMeHTarnms
ocert  ICK

T -TemIepaTypa IpM CTAIMOHSPHOM OpOLecce, TPamn

I
™~

2 k4

YpormM T
Z.32e+001

Z.29+001
Z.27e+001
Z.24e+001
Z.22e+001
Z.20e+001
Z.17e+001

Z.15e+001

Z.12e+001

Z.10e+001
Z.07e+001

Pucynox 4.8. Pacripenienenue Temneparyp B IUIMHAPUIECKON MHOTOCIONHOMN CTEHKE

Tabnuna 4.6.
KonTtpomupyemble | AHanutudeckoe | Pernenne ducieHHBIM € O
rnapaMeTphl peuieHue METOIOM > 70
tom1, °C 23,124 23,147 -0,099
tcm 2y o(:
21,911 21,975 -0,292
Lﬂn}, 0(:
21,535 21,602 -0,311
tcm 4 0(:
20,727 20,798 -0,343
tcm 59 0(:
20,659 20,731 -0,349
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4.5. TenaonpoBOAHOCTh Yepe3 HIAPOBYIO CTEHKY

[Mpumep pacnonoxen B daiine SlllapoBasCrenka.zna

®opmynanpoBKka 3agavyd. MeeMm NOIbI CUMMETPUYHBIN IIap, Ha BHYTPEHHEH MOBEPXHOCTH KOTOPOIO
3ajaHa TeMIleparypa f ¥ Ha HapyxHOH &. Temmeparypa fBIseTcs B 3TOM ciydae (YHKLHMEH TONBKO ORHOM
KOOpJMHAThl — pajuyca L1apoBOU MOBEPXHOCTU. BHYTpeHHMI paauyc 1mapa paseH R, HapyxHbIl Ro.

Pacuernas cxema npezcraBieHa Ha pucyHKe 4.9.
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Pucynox 4.9

OmnpeznenuTs pacnpeesaeHre TeMIIepaTyp o TONIIHWHE CTeHKH [Iapa.
[TomoOHast 3amada OTHOCHTCS K TPYIIIIE KIACCHUECKUX 3amad. Ee pemeHne n3noxkeHo B [1] 1 MHOTHX APYTHX

NCTOYHHUKAX.
AHAINTHYECKOE peme}mez BBIpaXKCHHUEC AJI1 TEMIICPATYPHOT'O OJIA
_ L=t R1
t=t———=1——
R, R .
R,

Hcxonnnie nannbie. R=0,5m, R,=1,5M. TemnepaTypa Ha ogHoil nmoBepxHocTu creHku £,=100°C, Ha npyroi
£,=20°C.
Ha pucynke 4.10 npencraBieHbl BbIBEICHHBIE MPOrPaMMO KaPTUHBI paciipeeieH s TeMIIEpaTyp B MOJICIIH C

HaHECEHHBIMH Ha HEW 3HAYCHUSIMH TEMIIEPATYpP B KOHTPOJIBbHBIX TOUYKAX.
CpaBHEHHE KOHTPOJIUPYEMBIX ITapaMETPOB, PACCUMTAHHBIX MO NMPHBEACHHOM BBIIIE (popMyIie, U MOTYICHHBIX

YHCICHHBIM METO/IOM, MIPEJCTaBICHO B Tabmuie 4.7.



61

OtIe T AT
ocelt I'CE

X'--..,,E

2 T -TeMnepaTypa HpM CTAIMOHAPHOM IPOIECCE, DPAal

Ypoemm T
1.00e4+002

9. 20e+001 Z26.1805

i,
f‘"ﬂﬂ%? 4.6035
T ]

"f*‘}‘r”%ﬁ_ 46.7586

d.40e+001

7. 60e+001 Pl
i
/)

6.80e+001 /i e

L,
6. 00e+001 I
LS. z20e+001
4. 40e4001
d.60e4+001
2. 80e+001

Z.00e+001

Pucynok 4.10. Pacnpenenenue temnepaTyp B IIAPOBON CTEHKE

Ta6mumua 4.7

KonTtponupyemble | AHanutudeckoe | PemieHue dncieHHBIM e O
IapaMeTpel pelueHue METOA0M 7P
tR=0,7JLl , °C 65,714 65,825 -0,169
IR:O’gM ,°C 46,667 46,759 -0,197
tR:l,l,u , °C 34,546 34,604 -0,168
tR=1,3M , °C 26,154 26,181 -0,103
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4.6. Tlnockas 0eckOoHEUHAas IUIACTUHA C 00BEMHBIM TEILIOBBIIECICHUEM

[Ipumep pacnosnoxen B ¢aiinax 6beckllnockllnact ¢ Oobemu Terutobin 1.zna, 6beckIlnockIlnact ¢ O6bemMH
Temnosein Il.zna

®opMyaupoBKa 3aga4u. PaccMoTpuM miTockyio 6€CKOHEYHYIO IUIACTHHY U3 OJHOPOJHOTO MaTepuaa ¢
00BEMHBIM TEILUIOBBIACIEHUEM ¢ |, , BEIMUMHA KOTOPOIO HE 3aBUCUT OT BPEMEHHU U KOOPAMHAT. TOJIINHA MIaCTHHBI -

&. TlycTh crieBa TIacTHHA OMBIBAETCS Cpeoi ¢ Temreparypoit Ty U KO3 QHUIMEHT TEMIO0TAaYH MEKIY TUIACTHHON 1
cpenoi paBeH @i; TE JKe IMapaMeTphl ClIpaBa OT IUIACTHHEI 0003HauuM depe3 Ty U @, COOTBETCTBEHHO.
IIpu MHTEHCHBHOM TETIOBBIIEIEHUY BHYTPH TUIACTUHBI TETIO MOXKET OTJaBaThCsl B OMBIBAIOIINE €€ CPEJIbI C
00enX MOBEPXHOCTEH, T. €. KpUBas paclpeIeICHUs] TEMIIEPaTyp MO TOJIIUHE IDIACTUHBI OyIET IMETh MAKCUMYM.
JlnMHa TUTACTHHBI JAOCTATOYHO BEJIHMKA JJI TOro, 4YToObl MPEeHEeOpEeYb MEPETOKOM TEIUIa K €€ TOPIaM.
Pacuernas cxema npezicrapineHa Ha pucynke 4.11.
OmpeznenuTh paccTosiHie & OT TPaBOM MOBEPXHOCTH IUIACTHHBI O CCUCHHsS B KOTOPOM BO3HHKAET
MaKCHMaJlbHasl TeMIIepaTypa.

/5
7
i

Pucynox 4.11. Pacuernas cxema

KOHBEKTHBHOI'O
TeruiooOMeHa

1

Y

ITono6Hast 3ajaua OTHOCHUTCA K TpyIIIe Kiaccuueckux 3anad. Ee pemenne n3noxeHo B [1] 1 MHOTHX Ipyrux
HUCTOYHUKAX.

AHaJIMTHYeCKOe pellieHre: BhIPAXKEHNE IS II0JI0’KEHUSI MaKCUMyMa KpUBOH paclipeielIeHus TeMIIEpaTyp 1o
JUIMHC TIJIACTHHBI
52 ha,0, AT +q, Sa,do+20)

2

2qv[5a1a2+i(a1+a2)]
rae ATf—Tﬂ—Tﬂ .
HUcxoanpie mannbie. Tommuna maactuasl O=100 (, 10_3 M. VIHTEHCHMBHOCTh OOBEMHOTO TEILJIOBBIACICHMS

q,= 100000 Br/m’. C nepoit croporst miactuusi Tp=150°C, @=300 Br/m’@paz, a ¢ mpaBoii CTOPOHBI ILIACTHHBI

Tp=5°C, ;=50 Br/m*[pan. Kosdpdurment remmnonposoanoctu A=74,5 Br/mlbpa.

Ha pucynke 4.12 npezcrasieHa BbIBEAEHHAsH IPOIPaMMOi, KapTHHA PaclpellesieHNs] TEMIIEpaTyp B KOHEYHO-
9JIEMEHTHOW MOJENH, C HaHECEHHBIM Ha HEHl MaKCHMAaJIbHBIM 3HAa4€HHEM TEMIIEpaTyphl U KOOPAWHATOW CEUYeHHs B
KOTOPOM OHa BO3HHKAET.

CpaBHEeHHE KOHTPOJIUPYEMbIX MapaMeTPOB, PACCUMTAHHBIX 110 NPUBEICHHON BbIle GOopMyJie, U MOJTYUYSHHBIX
YHCIICHHBIM METO/IOM, MIPEACTaBIeHO B Tabmmie 4.8.
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Pucynoxk 4.12. Pactipenenenue TeMnepaTyp B IUTaCTHHE

Tabnuna 4.8
KonTtponmupyemble | AHanutudeckoe | PemieHue dncieHHBIM e O
0
rnapaMmeTphl pewenue METOIOM ’

&, MM 74,991 75,000 -0,012
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4.7. beckOHEUHBIN MUIMHAP ¢ 00bEMHBIM TEIIJIOBBIICIICHUEM

IIpumep pacmonoxker B (haitne 7beckl{un ¢ O6bemu TermaoBbim.zna.
@opMyaupoBKa 3amxayd. PaccMOTpuM OCCKOHEUHBIA HWJIMHAP U3 OJHOPOTHOrO MaTepHaga ¢ O0bEMHBIM

TEIUIOBBIICTICHAEM (|, , BEIMYNHA KOTOPOTO HE 3aBHCHUT OT BPEMEHU M KOOPAUHAT. R - HapyKHEIN paanyc MIIHHIPA.
JnvHa UMAMHOpa JAOCTaTOYHO BENWMKA IS TOTO, YTOOBI IpeHeOpedh IMepPeTOKOM TeIa K ero TOpIiaM BIIOIb OCH
X.

PacueTHas cxema npejcTaBieHa Ha pucynke 4.13.
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Pucynox 4.13. PacuetHas cxema

OHpCﬂCJ’II/ITL pacOopeacjacHuC TEMIICPATYPhI IO painyCy HUINHAPA.
HO,HO6HEI$I 3aJa4a OTHOCHUTCA K I'pYIINEC KIACCUYCCKUX 3aaady. Ee PpCHICHUC U3JIOKCHO B [l] 1 MHOTHUX JpYyrux

NCTOYHHUKAX.
AHATUTHYECKOE PEIeHNe: PACIIPEICIICHIE TEMIIEPATyPhI M0 PATUYCY IIUIHHIPA BBIpa3uTcs GopMysoi
qv 2 2 qu
I'\r)=—\R—r")+——+T , .
(r=g g (R =+ s,

3gech ¢, - MHTEHCHUBHOCTb OOBEMHOTO TEIUIOBBIAENCHHS, A - KOI(QGUUUEHT TEIIONPOBOJHOCTH, O -

ko3(¢unnent remrooraaun, Iy - TemMrepaTypa OKpysKaromen cpessl.

Hcxoanble panHble. Hapyxsbsii paamyc 1mwimHap R=100 | 1()73 M. VHTEHCHBHOCTH O0OBEMHOTO
TEIJIOBBLICIICHUS (]VZIOOOOO Br/m®. Temneparypa okpyxatomiel cpenst 7=20°C. Koadpuuuent temnoornaun
a=1000 Br/m*Mpan. Kosddumuent rermmonposoguoctu A=209 Br/m(Dpan.

Ha pucynke 4.14 npexncraBieHa BbIBeleHHAs IPOrpaMMO, KapTHHA paclpeieeHus TeMIepaTyp B KOHEUHO-

AIIEMEHTHOW MOJIENN, C HAaHECEHHBIMH Ha Hel 3HAUSHISIMA TEMITEPaTyp B KOHTPOIBHBIX TOUKAX.
CpaBHEHHE KOHTPOIMPYEMBIX ITapaMeTPOB, PACCUNTAHHBIX 110 IPUBEACHHOHN BhIIIE (OPMYyIIe, U MOTyICHHBIX

YHCIICHHBIM METOJIOM, MIPEICTaBICHO B Tabmuie 4.9.
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Pucynok 4.14. Pacnipenenenue remneparyp B HUJIUHAPE

Tabmnuma 4.9

Bapuant | Konrpomupyemsle | AHamutuueckoe | PemeHne gmcieHHBIM

€, %

pacucTa napaMeTphbl peuIcHuc METOIOM
fpoo,°C 26,196 26,215 -0,073
I frosg,°C 25,897 25,908 -0,042

fp_100»°C 25,000 25,009 -0,036
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4.8. PacmipenienieHre TeMIiepaTypsl B KPYrioM ITIOCKOM pedpe

IMpumep pacmonoxken B ¢aitnax 8KpyrnllnockPeopoOobem.zna, SKpyrallmockPe6poOo6semKonbiio.zna,
8KpyrnllnockPedpollnacr.zna, 8KpyrallnockPebpollnactKonbmo.zna.

®opmyJHpoBKa 3axa4yu. PaccMOTpUM 3ajady O CTallMOHAPHOM pACIpeNesiCHUH TeMIepaTypbl B pedpe
HPSMOYTOJNIEHON (QOPMBI TIPH CIIEAYIOMINX YCIOBHSIX.

1. Temneparypa ocHOBaHHUS peOpa mocTossHHA U paBHa T, T, — TeMIiepaTypa OKpyKaromen cpepl.

2. Ecnu h - BeIcOTa pebpa 1 & - €ro TOJNIIHHA, TO MOTEePst TEIUIa C TOpIA ITUPHHONH O MOXKET OBITh yUTEHA
ITyTeM 3aMEHBI JIeHCTBUTENFHON BBICOTHI /i BETMIHHON h'=h+382.

3. KommuecTBo TeInia, pacCenBaeMOro 3a eINHHUILY BpEMEHH ¢ KaKOW-IN00 9acTH, IOBEPXHOCTH pedpa,
IIPOTIOPIIMOHANEHO  PAa3HOCTH TEMIIEpaTyp pedpa U OKpYKaroleH Cpesibl.

4. Koaddumuent Termioorauu O 0AMHAKOB BO BCEX TOYKAX MOBEPXHOCTU
peodpa.

Pacuernas cxema npejcrasiieHa Ha pucyHke 4.15.

hl

Pucynok 4.15. PacuetHast cxema OXJIaXKJaroIero peopa

Heo6xoaumo onpenenuTs pacnpeesaeHie TeMIlepaTyp 1o BEICOTe pedpa.
[TomoOHast 3amada OTHOCHTCS K TPYIIIIE KIACCHUECKUX 3amad. Ee pemenne n3noxeHo B [1] 1 MHOTHX APYTHX

NCTOYHHKAX.
AHaIuTHYecKoe pelleHne: PacripeneneHne TeMneparypsl 10 BEICOTE pedpa  BBIPAa3UTCS B BHIC

Chlp(h—x
(9()6):91' [ﬂ( : )] )
Ch(uh)
3nech
0=T T, _\/ 2a
1 1 > - >
f ILC 1‘5
rae A - Ko3hGUIMEHT TEMIONPOBOAHOCTH.
Hcxoanble nanHble. BHyTpenHmii amamerp pebpa D;=40 ( 1073 M, HapyXHbIH muamerp pebpa D,=100
A 1()_3 M. Temmeparypa ocnoBanus pebpa 7:=100°C. Temmeparypa okpyxatomeir cpenbt T;=0°C. Koadduiuent
temnootaayn a=125 Br/m*Mpan. Kospdumment temmonposogaoctd A=209 Br/mmpax. Tommuna pebpa 6=5 (, 1073 M.

Turel 37eMeHTOB ¥ (HOPMBI MOJIEIeH OXJIAXKIAIOMIEr0 pedpa HCIOoIb3yeMble MPH PacyueTe MPEICTABICHBI B
Tabauie 4.10.

Tabmuma 4.10

BapuanTt
Tur 351eMeHToB
pacuera
I Pa3BepTka pedpa n3 00bEeMHBIX AJIEMEHTOB
II Pa3BepTka pedpa u3 miacTiuH
11 Kpyrmoe pedpo u3 00beMHBIX 3JIEMEHTOB
v Kpyrmoe pedpo U3 miacTiux
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KoHeuHo-371eMEHTHBIE MO OXJIAKAAIOIIEro pebpa I pa3IHyYHbIX BApUAHTOB pacueTa MpeACTaBlIeHbI Ha
pucynkax 4.16q, 6, 6, .

Ha pucynke 4.17a, 6 mpencraBieHbl BBIBEIACHHBIC IPOTPAMMOM KapTHHBI pPACHpENeNCHHS TeMIIepaTyp
MOJIeTIel, COOTBETCTBYIOIIMX BapHAHTOB PacdeTa, ¢ HAHECEHHBIMU HAa HUX 3HAYCHMSMH TEMIIEPaTyp B KOHTPOJIBHBIX

TOYKax.

ObMEHTAITLT
ocedt

TCE

ObMEHTaInL
ocef  ICKE

Z X

a) 6)
SEEI%HT% HOBerHOCTB g‘gggﬂraxr_\%%
LX KOHBEKTUBHOI'O
. "‘é TemI000MeHa
SR
SOSEITA
SEEEEER
asneny
S el
S
ST naaan
e

6)

Pucynoxk 4.16. Pactipenenenue Temmeparyp B ILIOCKOM pedpe:
a — Bapuadr |, 6 — Bapuanr 1I, ¢ — Bapuanr 11, 2 — Bapuant [V .

YporEM T
1.00e4+002

YporHH T
Ll.00e+00z2

2)

5. 59e+001 4 %'i 5. B5e+001
9.77e+001 H ]H| 9. 70e+001
9, 66e+001 | 1’] 9. 5de+001
g5 s
9. 54e+001 ' M 9.3%9e4001
9, 43e+001 = 15 9, Zde+001
9. 32e+001 H ]Hi 9. 0%9e+001 “'
5. 20e+001 H }’I 88 Go6E G- 93eHDOL %ﬁ
' g 84.8286
9, 09e+001 ’ }'| 50. 2004 &.76e+001 i’
8.97e-+001 B3 oscs 8. 63e+001 a6, 4898
&, GEe+001 ' 8. 48e+001 .014
a) 0)

Pucynoxk 4.17. Pactipenenenue Temmeparyp B ILIOCKOM pedpe:
a — Bapuadr [, 6 — apuanr 1L
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CpaBHEHHE KOHTPOJIMPYEMBIX MTapaMETPOB, PACCYUTAHHBIX MO MPUBEACHHOI BhIlIe (OpMYJIe, U MOTYUYESHHBIX
YHCJIEHHBIM METOJIOM, Npe/icTaBieHo B Tadnuue 4.11.

Tabmnma 4.11.

Bapuant | Kontposnupyemble | AHanutudeckoe | PelueHue yncineHHbIM £ %
pacuera HapaMeTpsl perieHue METOIOM ’

t._10,°C 93,957 94,026 -0,073

I [.—9,°C 90,219 90,268 -0,054

f._3,°C 88,625 88,673 -0,054

f._10,°C 93,957 93,989 -0,034

I t.—s ,°C 90,219 90,232 -0,014

t._3,°C 88,625 88,0637 -0,014

t.—1,°C 93,957 90,946 3,205

I o ,°C 90,219 86,425 4,205

t._30,°C 88,625 84,765 4,355

f._10,°C 93,957 90,956 3,194

v {9 ,°C 90,219 86,417 4,214

t._3,°C 88,625 84,679 4,452
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4.9. KuprinyHas Kjaaka

[Mpumep pacnonoxen B daiine 9Kupnnunas Knanka.zna.

®opmMyIHpPOBKA 3aJa4d. BeIuucauTh TeMnepaTypsl HapyKHOH f.u1 U BHYTPEHHEH #y2 IOBEPXHOCTEH CTEHBI
30aHUsS W3 Kupnu4a TommmHON 0=252 wmM. Koadoduiment temnonpoBogHoctd kupruya A=0,7 Br/mDpan.
KospduimenT Temnooraaun oT BO3ayxa moMenieHus k crenke =10 Br/m’Mpan; kosdduuuent terooraadn ot
CTEHBI K OOYyBAIOIIEMY €€ Hapy)XKHOMy BO3ayxy @,=20 Br/m’[Mpan. Temmeparypa Bosmyxa B momemenuu #,=10°C;
TeMIepaTypa Hapy»HOro Bo3ayxa »=-15°C.

PacuerHast cxema npezcraBiieHa Ha pucynke 4.18.

o

t
2
tcml
az
t
1
t
a cm?2

Pucynoxk 4.18. Pacuetnas cxema

Pewmenue sToit 3anaun usznoxeHo B [1].
AHaIUTHYeCKOe pelieHne:

k
tcm1—t1_(11_12)'a_1 ;
_ k
tcmz—(tl_tz)'_"'tz .
@,
N S
3nech L + é +L - KO3 GUIMEHT TEIUIONepeIadr Yepe3 CTCHKY.
a, A a,

Ha pucynke 4.19 npencraBieHa BbIBEACHHAS MPOTPaMMOil KapTHHA pacHpeiesIeHHs TEMIIEpPaTyp B MOJETIH, C
HaHECEHHBIMH Ha HEW 3HAYCHUSIMH TEMIIEPATYpP B KOHTPOJIBHBIX TOUKAX.
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OuMeHTAaImMa
ocer TCK

)\ T -TeEMIIEpATYpa IPM CTAMMMOMAPHOM IPOIECCEe, DDAT

Pucynoxk 4.19. Pacipenenenue remnepaTyp B KUPIUYHOI CTEHE

CpaBHEHHE KOHTPOJIMPYEMBIX MTapaMeTPOB, PACCUNTAHHBIX 110 IPUBEICHHOH BHITIE ()OPMYIIe, 1 IMOTyIeHHBIX
YHCIICHHBIM METOOM, IIPECTaBIeHO B Tabmuie 4.12.

Ta6mumua 4.12.

Koutponupyemble | Ananutuyeckoe | Pemenue yucieHHbIM

£, %
ImapaMeTphl penienue METOZOM ’

tem, °C 5,100 5,098 0,039

tem, °C -12,550 -12,549 0,008
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4.10. OxnaxxaeHue MmoJioro 3IEKTPUUECKOro IPOBOJIHUKA

[Tpumep pacnonoxer B daiine 10[MonsitdnexrpuallpoBoauuk I1.zna.

®opmyaupoBka 3aga4n. [1onslii aeKTpudYecKkuil IPOBOAHUK OXJIaXAaeTCsa BOIOH, TEKyIIEH B ero
BHYTPEHHEH IOJIOCTH.

Pasmep nposoanuka Ri=2 MM, R,=3 mM. YensHoe conportusinenue Matepuana P = 0,1 om[d’/m; xodd-
¢unuent remronpopoanoct A =15 Br/mdpan. Cuna toka I=1000 A, ko3 duumeHT Termooraayn K soge a=30000
Br/M*Mpan, Temmeparypa BOABI oo =30°C.

OnpenenuTs TEMIIEpaTypy IIOBEpXHOCTEH, TmpeHeOperas TEIUIOOTAa4Yel OT BHEUIHEW TOBEPXHOCTH
MIPOBOHUKA K BO3IYXY.

8000bL

cm? cml

Pucynok 4.20 Pacuernas cxema

Pemenue sToii 3anaun usznoxexo B [1].
AHaJUTHYeCKOe pellleHne:

{1 =446 °c; 1, ,=57.8 °C.
Ha pucynke 4.21a, 6 npencrapieHbl BBIBEACHHBIE IPOTPaMMON KAapTHHBI pacIipefesieHHs] TeMIepaTryp B
MOJIENIAX C PA3TUYHBIMU CETKaMH, 1 HAHECEHHBIMU Ha HUX 3HAYCHUSMH TEMIIepaTyp B KOHTPOJIBHBIX TOUKAX.
CpaBHEHHE KOHTPOJIMPYEMBIX IapaMeTpPOB, PACCUUTAHHBIX AHATUTUYECKH, M MOITYYCHHBIX UHCICHHBIM

METOJIOM, MpeACTaBIeHo B Tabmuie 4.13.



OUMEHT 81D
ocefi  TCK
Y<X T -remneparypa IPM CTAIMOHAPHOM [POIECCE, TPan

1

Ypormm T

YpoEHM T
5. 79e+001

- i i,
i a-....,‘“_~

-

5. 26e+001

. B6e+001
4. 73e+001

4. 59e+001
4. d6e+001

4, 72e+001

4, 58e+001
4, 46e+001

a)

Pucynox 4.21. Pacpenenenue reMnepaTyp B OJIOM IPOBOJAHUKE

Tabiuna 4.13.

Bapuant | Kontpomupyemble | Anamutudeckoe | PerieHue uncieHHBIM € o
pacuera napaMeTpsl peleHue METOZ0M 7P
tem, °C 44,600 44,570 0,067
I
temz, °C 57,800 57,889 -0,154
temt, °C 44,600 44,580 0,045
I
tomz, °C 57,800 57,965 -0,285
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4.11. TerionpoBOAHOCTb BAOJb CTEPKHS MOCTOSHHOTO MONEPEYHOr0 CEUEHUS

[Ipumep pacnosnoxen B ¢aiinax 11Temmonpos Brons Crepxns 1.zna, 11Temnonpos Brons Crepxns 11.zna.

®opmyauposka 3aga4yn. Ha pucynke 4.22 u3o0pakeHa cxema 33/1a4d O TEIUIONPOBOJHOCTH BIOJIb CTEPIKHS
(rutockoro pebpa). OTHUM CBOMM TOPIIOM CTEP)KEHBb TUIOTHO COEAWHEH C TBEPAOH MOBEPXHOCTHIO (TPYOBI, KOpITyca
JIBUTaTeNs U T. I1.), UMEIoLIel TeMueparypy t. Temreparypa cpe/ibl, OKpyKatolleil crepkeHb, paBHa f. Koadduuuent
TEIUIOOTAAaYN OT OOKOBOI MOBEPXHOCTH CTEPKHA K cpele 0003HaumM depe3 A, a KO3(DUIMEHT TerooTHayd OT
HE3aKPEIJICHHOTO TOpIIa CTEPXKHS K cpefie 0003HaUUM 4epes d;.

Benencreue BO3MOXHOTO pasiuuusi B TEMIEpaTypax M YCIOBHAX OOTeKaHHs OOKOBOW M TOpLEBOH
MIOBEPXHOCTH CTEPXKHSA, B 00meM ciydae a;Zd.. [lanee OymeMm IpeamoiaraTb, 4TO TEIUIONPOBOAHOCTh MaTepHaia
CTEP>KHSI TOCTATOYHO BEJIMKA JIIS TOTO, YTOOBI CUNTATH, YTO TEMIIEpATypa 110 €ro TONEePEYHOMY CEUEHHIO MPAKTHYECKN
HE MEHSETCH.

HeobxoauMo omnpeaenuTs pacnpeelieHue TeMIIepaTyp 1o JjInHe pedpa.

/ A

AU NN
~

/

' //

Pucynok 4.22. PacuerHast cxeMa OXJIaXKIAroIero peopa

Pemenue sToii 3ana4n u3noxeno B [1].
AHaJIUTHYeCKOe pelenne: PacrnpeneneHne TeMeparypsl o AJauHe pedpa BBIPA3UTCS B BHUIC

(l_n)'efm(fo)_'_(1+n)‘em(L7x]

2-[ch(mL)+n-sh(mL)]

t=t0+(tl—lo)

31ech

mL —mL mL —mL
e +e e —e oU
e shimL) = m=y
2 2 A-Q

rae A - koabduuueHt remwonpoBoaHocTy, U — nepuMerp crepxHsi, . — IIoMaas MONepeyHOro CeICHUs CTEPIKHS.
Hcxonnbie nanuble. Temneparypa ocHoBanus pedpa #=300°C. Temmeparypa okpyxaronieil cpenst £=30°C.

Kosdunuent Temnoornaun or GOKOBOW MOBEPXHOCTH cTepXkHsA K cpene =200 Br/m’mpax. Kospdurment

TEIJIOOTIaYM OT HE3aKPETUIEHHOro Topua crepxkHs K cpene a;=100 Br/m’Ipan. KosuuuenT TermonpoBogHOCTH

A=393 Br/mpan. Jmuna pebpa L=200 (, 1073 M, BbicoTa pedpa H=100 {, 1073 M. Tonmmna pebpa 0=2 (, 1073 M.
TuIIBI 37IEMEHTOB UCTIONBb3yEMbIE IIPH pacueTa MPeACTaBIeHbI B Tabmume 4.14.

ch(mL)z

Tabmuua 4.14

BapuanT pacuera Tun 31eMeHTOB
1 Pebpo 13 00BEMHBIX 3JICMEHTOB
I Pebpo u3 mactud
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KoHeuHo-37IeMEHTHBIE MOJIENT  OXJIAKAAIONIEro pebpa Uil paccMaTpuBacMbIX BapHaHTOB —pacyeTa
MPeCTaBJICHbI Ha pucyHKax 4.23a, 6.

Ha pucynke 4.24a, 6 mnpencraBieHbl BBIBEIACHHBIC IPOTPAMMOM KapTHHBI PACHpENeNCHHS TeMIIeparyp
MOJEJIeH, COOTBETCTBYIOLIMX BAapHAHTOB pacyueTa, ¢ HAHECEHHBIMU Ha HHMX 3HAYCHUSIMH TEeMIEpaTyp B KOHTPOJBHBIX

TOYKaX.
CpaBHEHHE KOHTPOJIUPYEMBIX I1apaMeTPOB, PACCUMTAHHBIX MO NMPHUBEACHHOM BhIIIE (opMylie, U MOTYUYCHHBIX

YHCIIEHHBIM METOJIOM, MPEe/ICTaBJIeHO B Tadmuue 4.15.

[ToBepxHOCTH
KOHBEKTHUBHOI'O
TerJgpoOMeHa

6) 20dr a

Pucynox 4.23. Pacnipesienenne TeMreparyp B OXJIaKAaromeM peope:
a — Bapuadr I, 6 — apuanT II.
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OtMEHT Aa104T

ocefi  TCH OnneHTArnH
¥ oceff TCK
T -Temneparypa HpM CTAUMOHAPHOM [OpONEcce, PRam ¥
L’X - T -TeMmepaTypa OpM CTAIMOHAPHON OpOLUEcce, DPam

L. 92e+002

1. 92e+002
1. 65e+002 1.65e+002
1.38e+002 1.38e+002
1.1le+002 1.11e+002
G, 40e+001 . 40e+001
5.70e+001 5. 70e+001
3. 00e+001 3.00e+001
a) 0)

Pucynok 4.24. PacipeeneHre TeMnepaTyp B OXJIaXIaI0IIeM pedpe:
a — Bapuanr I, 6 — Bapuanr I1.

Tabiuna 4.15.

Bapuant | Kontposnupyemele | Ananmutuueckoe | PelieHue yncieHHBIM € o
pacuera napameTpsl peleHue METOJIOM 7P
e —s0m » °C 116,518 116,815 -0,255
L 100am 0 °C 57,933 58,056 -0,212
I
1500w 0 °C 39,739 39,780 -0,103
L =200 » °C 35,604 35,627 -0,065
—50am »°C 116,518 117,473 -0,820
L 100am » °C 57,933 58,582 -1,120
I
150 um » °C 39,739 40,090 -0,883
L2200 » °C 35,604 35,857 -0,711
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