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AHHOTauunA

[TporpaMMma npenHa3HaueHa Ui BBIIIOJIHEHUS POEKTHBIX U HAyYHO-UCCIIE10BATEIbCKUX
pacueToB Ppa3HOOOpa3HBIX MPOCTPAHCTBEHHBIX KOHCTPYKUUH, MEXaHHW3MOB, HPHUBOJOB Ha
nepcoHanbHbIX OBM MeTO0M KOHEUHBIX 3JIEMEHTOB Ha NepcoHaIbHbIX OBM B onepannoHHON
cucreme Windows-95 u Boliiie.

[Tporpamma obecrieynBaeT peuieHue CIeayIOIMX 3a/1a4:

e JuHelHas cTaThka (pacueT JepOpPMAIMOHHBIX NEPEeMENIeHUH MpU CTaTUYECKUX
Harpyskax);

*  aHAJIMU3 HAYAJIbHOW YCTOWYMBOCTH;

* pacueT NEpeMEUICHUM W HaNpsyKEHUN Ipu JMHAMUYECKHMX Harpy3kax B paMKax
JOMYUIEHUS O MAJIbIX MEPEMEILECHUSAX;

*  pacuer NepeMELICHUN M HANpsDKCHWM B JJEMEHTaX KOHCTPYKLUH IPU JTUHAMHYECKHUX
Harpy3Kax ¢ y4eToM OOJIbIINX KHHEMATUYECKUX MepeMelleHU;

*  KMHEMaTU4ECKUH U CWJIOBOM aHAJIN3 MEXaHU3MOB;

e ompeneneHue 4YacToT U (GopM COOCTBEHHBIX KOJNEOAHMN KOHCTPYKIHUH ¢ Yy4€ToM
IIPEIBAPUTENILHOTO HANPSKEHHOTO COCTOSIHUS OT CTATUUECKUX HArpy3oK);

*  pacueT aMIUIMTY] BBIHYXICHHBIX KoJeOaHui (BuOparuii);

*  pacuérT KOHCTPYKLUMH Ha celicMHYecKOe BO3IeHcTBHE (IIPU HEOOXOIUMOCTU C YUETOM
CTaTUYECKUX HArPY30K);

* pacyeT YCHJIMA M HampsHKCHUH B CTEPKHAX; IUIACTHHAX; O0OJOYKaxX M OOBEMHBIX
3JMeMeHTax M Ko3(pPHUIMEHTOB 3amaca Mo HANpPSHKEHUSIM ISl BCeX BUOB IMEepeMeleHU
KOHCTPYKLUU;

*  BBIYMCIECHHUE MAaCChl U MOMEHTOB MHEPLIMM MOJENEH KOHCTPYKIIMIA;

*  pacuer TEIUIOBBIX IOJIEH NP CTAllMOHAPHBIX U HECTALIMOHAPHBIX MIpoLeccax;

*  pacuer HalpsHKEHUH OT COBMECTHOIO JEHMCTBUSI TEIIOBBIX MOJIEH U HATPY30K;

*  MOJCIMPOBAHHE M AHAJINW3 INPOLECCOB pPACHPOCTPAHEHUs AKYCTHYECKUX BOJIH B
KOHCTPYKLHUSX.

[Tpu pemrenuu 3aaay pacuéra HanpsHKEeHUH U Aepopmannii BO3MOXKEH yUYET pusnueckoi
HeJIMHEHHOCTH MaTepuana (TJIacTHKA) U OINpeJleIeHUe OCTAaTOUHBIX HaNpsDKeHUH v edopmanuit
rocjie IMpeKpameHuss AeicTBUS Harpy3ku. OTIUYUTENbHOW OCOOEHHOCTBIO IPOrpaMMBbl OT
OTEYECTBEHHBIX U 3apyOEKHBIX aHAJIOTOB, SBJSETCS BO3MOXKHOCTh PELICHUS KaK TPaAULIMOHHBIX
s MKD 3amau, pemaeMblx B paMKax JOMYIIEHUS O MaiblX IMEPEMEILEHUsX, Tak U 3ajad
JUHAMHMKHU CIIOKHBIX HEIMHEHHBIX MEXAHMUYECKHUX CHUCTEM, DJIEMEHTHl KOTOPBIX COBEPILAIOT
0oJbIIMEe KUHEMaTHYEeCKHE TNIEpEeMEIIeHMs] W OJHOBPEMEHHO UCHBITHIBAIOT YIOpPyTHe U
wiactuueckue negopmanuu. IIporpamma obecnieunBaeT coemecmuoe paccmompenue OO0nbUIUX
KUHeMamuyeckux nepemewjenuti u oegopmayuii KOHEUHbIX 3JEMEHTOB, a TaK)K€ H3MEHEHUs
CTPYKTYpbl MOJENM BO BpeMs paccMaTpuBaemoro rmpouecca. Ilpu sTtom obecnedeHa
BO3MOXXHOCTh 3aJIaHUS MPAKTHYECKH JIF0OOTO 3aKOHA M3MEHEHHS HArpy30K MU KUHEMAaTHYECKHUX
BO3MYILIEHU BO BPEMEHHU.

B OubnuoTeke >ME€MEHTOB MMEIOTCS cmepoicHesvie, obvemHble KO, nanacmumnvl, yenviii
PAO  CHeyuanbHblX JJeMeHmos (2ubkue Humu, Heyoepicusarwue cea3u, meepovie mena,
9/IeMeHMbl  MeXanumMos, npueooos). VIMeercs BO3MOXXHOCTh pacyeTra HampsDKeHUH U
nedopmaruii B apMUpPOBAHHBIX 3JI€MEHTAaX CTPOUTENBHBIX KOHCTPYKIIUHA.

Jlns BBOAA W peAAKTHUPOBAHUS MCXOJHBIX JaHHBIX HMeeTcs YIOOHBIN epaguueckuil
peoakmop.

BbiBoz pe3ynbTaToOB pellieHUs OMMCAHHBIX —BBIIIE 337]a4 BO3MOXKEH B BUE IpadUKoB,
TaOIMII M CXeM KOHCTPYKLIMHM B HMCXOJHOM H CMEIIEHHOM B pe3ynbraTe jaedopMaiuu
COCTOSIHUSIX B pa3iIM4YHbIe MOMEHTHI BpEMEHH, a TaK’K€ B COOTBETCTBUU € opMamMH KojaeOaHHil.



ObecneunBaeTcs BHIBOJ HanpsbkeHuil B KO Mozieny B BUie IIBETHOM 3aKpacKu 00J1acTel paBHBIX
HaMpsDKEHUH C [10JIaBJIC€HUEM HEBUUMBbIX JIMHUH.

[IporpaMma MMeEeT IMOCTOSHHO IOMOJHAEMbIe 0a3bl JAHHBIX 10 TUIOBBIM 3JIEMEHTaM
JAHHBIX (MaTepuabl, CEYEHUS CTEPKHEBBIX 3JIEMEHTOB U T.11.).

[IporpaMMa  MOXET  MCIOJIB30BAaTbCS  JUISI  pacuyeToB  MPAKTUYECKH  JIIOOBIX
IPOCTPAHCTBEHHBIX KOHCTPYKLUH, MEXaHU3MOB U IPUBOJIOB B 00J1aCTAX aBUa-, aBTO-, CyJl0- U
MaIIMHOCTPOCHHUS, MPOMBIIUIEHHOTO M TPAXJAHCKOTO CTPOUTEIBCTBA, a TAKKE B HEPTSIHOH U
ra30BOIl IPOMBILIUIEHHOCTH.

B nepsom pazoene 1aHHOTO JOKYMEHTA COZEPKaTCs OOIUE CBEIEHHS O IPOrpaMMe.

Bmopoii pazoden conepKUT KpaTKue TEOPETUUYECKHE CBEJIEHHS O METO/E M alropuTMax
pelraeMbIX IporpamMMmon 3ajad.

B mpemvem paszoene onucaHa OuMOIMOTEKa pEalN30BAaHHBIX B IPOrpaMMe KOHEUYHBIX
DIIEMEHTOB.

Yemeepmuiii pazoen COACPKUT ONUCAHUE HATPY30K, PEATM30BAHHBIX B IPOrpaMMe.

Ilamoiti paszoen TOCBSIIEH ONMCAHWIO KUHEMAaTUYECKUX TIPAaHUYHBIX YCIOBUH H
BO3MYIICHUH, a TAK)KE€ HAYaJIbHBIX YCIOBUI, KOTOPbIE MOXKHO 3a/1aTh IS MOJIEJIN OOBEKTA.

B wecmom pazoene paccMOTpEHBI TUIIBI HAYAJIBHBIX YCIOBUM, KOTOPBIE MOXKHO 33JaBaThb
IPU PELICHUH HECTallMOHAPHBIX 3a]1ay.

B cedbmom pazoene nNpUBENEHBI CTPYKTYPBl U COAEPKAHHE JAHHBIX, KOTOpBIE
HE00X0IMMO MOJrOTOBUTH JUISl PELLICHHUsI KOHKPETHBIX 3a/1ay.
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— MaTpuIIa;

— MaTpHIa-BEKTOP (BEKTOP-CTOJIOCIT);

— TPaHCIIOHMPOBAHHAsI MaTpPHILIA;

— o0paTHast MaTpuIa;

— MaTpHulia CBsI3U BEKTOpa JeGopMaluil U BEKTOpa Y3JIOBBIX IepeMeIeHUH
KOHEUYHOT'O JJIEMEHTA;

— ro6anbpHast MaTpuLa 1eMII(pUPOBAHNUS;

—YyZAeIbpHas TEIIOEMKOCTh MaTepHalla;

—KO3(GULMEHT CONPOTUBJICHUS CEUCHMUS;

— Marpuiia TeroémMkoct K9-moaenu;

— rnobajibHas M JIOK&JIbHAs MaTpUIbl, JAeMI(UPOBAHHUS KOHEYHOIO
DJIEMEHTA;

— MaTpula YIPYruxX KOHCTAHT;

— MaTpUlia yOpYrux KOHCTAHT IIACTUHBI ITPU U3THOE;

— MaTpula YIPYruX KOHCTAHT IIJIACTUHBI IPU PACTKEHUH-CIKATUH;

— MOJyJIb YIIPYTOCTH MaTepHala;

— MOAYJb 00BEMHOM ypyrocTH rasa;

— 00BbEMHBIN MOJYJb YIIPYTOCTH KUAKOCTH;

— NMPUBEICHHBIA 00BbEMHBIN MOYIb YIIPYTOCTH;

— TEKyILee 3HAaUEHUE MOYJI YIPYTOCTH MaTepHaa;

—CHUJIa TPEHHUS;

— INOCTOAHHAA CHJIa TPCHUA,

— I100aJIbHBIN BEKTOP Y3JIOBBIX YCHUIIH;
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— TI00aNbHBIE M JIOKAIBbHBIM BEKTOPHI Y3JIOBBIX YCHJIMH KOHEUYHOTO
JIEMEHTA;

— MOJyJIb C/IBUTA MaTepHaa;

— MAacCCOBBII pacxo/]l Ta3a B CCYCHUH DIIEMEHTA;

— TOJILIMHA TUIACTHUHBI,

—Kk03¢purmeHT TemnoodMeHa XapaKTepu3yOLUIHi KOHBEKTUBHBIN
TEII000MEH;

—MHTEHCUBHOCTh UCTOYHMKA TETJIA B Y3JI€;

—TpUBEACHHBINA KO3()(PUIIMEHT KOHBEKTHBHOTO TEIIOOOMEHA B Y3JI€;
—TpUBEACHHBINA KO3()(PUIIMEHT pagialiOHHOTO TEII00OMEHaA B Y3JI€;
—TpUBEACHHBINA KO3 PUIIMEHT KOHBEKTUBHOTO TEIUIOOOMEHA 0 JIMHUY;
—TpUBEACHHBINA KO3()(PUIIMEHT paTHaliOHHOTO TETIO0OMEHA T10 JINHHH;
—TpUBEACHHBINA K03()(PUIIMEHT KOHBEKTHBHOTO TEIIOOOMEHA

110 ITOBCPXHOCTH;

—TpUBEACHHBINA KO3()PUIIMEHT paTHalliOHHOTO TETI000MEeHa
10 TOBEPXHOCTH;

— IOKa3aTeNb aguadaThl;

— K03 (PUIMEHTHI TETIIOMPOBOAHOCTH B Hanpasiienuu oceit OX, OY u OZ
r7100aIbHOM CUCTEMBI KOOPAUHAT COOTBETCTBEHHO;

MIPUBEAECHHBIN KO3 (PULIMEHT TpeHus;

— TyI00asIbHAsT MaTpUIIA KECTKOCTH CUCTEMBI;

— riao0anbHasi MaTpHIla )KECTKOCTH, COOTBETCTBYIOIIAs HAYAJIbHOMY
IIOJIOKEHHIO CUCTEMBI ITPH OIIPEJIETIEHUH COTJIaCOBAaHHBIX HA4YaJIbHBIX;
MEePEMEIICHUN U CKOPOCTEN;

— Marpuua remnonposogHoctu K9-monenu;

— KPYTAILIUI MOMEHT;
— MOMEHT TPEHUS;
— ro6anabHas MaTpULla UHEPLUUHN CUCTEMBI;

- 1/13r1/16a1011me (prTHH_[I/IC) MOMCHTBI B 3JICMCHTC OTHOCHUTCJIBHO 0OX, Oy U
0z JNOKAIbHOH CHUCTEMBI KOOpAWHAT COOTBETCTBCHHO,
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Nu — kpurepuii Hyccenbra;

Pr — xkpurepus [Ipanaris;

Pr — JIaBJICHUE Ta3a;

Py — JIaBJICHUE Ia3a B UCXOHOM I10JIOKCHUH;

P, uP; — JIABJICHUS HA BXOJE U BBIXOJE APOCCEIUPYIOLIETO JIEMEHTA;

— IJ100aJIbHBIE BEKTOPBI NEPEMELICHUM, CKOPOCTEH M YCKOPEHUN CHCTEMBbI

COOTBETCTBEHHO;

{Oo} — BEKTOp COTJIaCOBAHHBIX HAYaJIbHBIX IEPEMEILICHUN CUCTEMBI;

{Or} — BEKTOP aMIUIMTY/ BbIHYKJCHHBIX KOJIEOaHUN CUCTEMBI;

{0} — i-ii COOCTBEHHBII BEKTOP;

o, 07, — NPOEKIUH BEKTOpa HepeMelleHuii i — ro ysna Ha ocu OX, OY u OZ

Q.Y r7100aIbHOM CUCTEMBI KOOPANHAT COOTBETCTBEHHO;

¢, ¢y, q. 7, — nmpoexmuu BeKTOpa MEpEeMeNIeHHil i — IO y31a Ha OCH 0X, 0y U 0z
JOKAJILHON CHCTEMBI KOOPAMHAT 3JIEMEHTa COOTBETCTBEHHO;

{Ri} — i-11 BEKTOp CEMCMUYECKON PEAKLIUN CUCTEMBI;

Re —gucno PetHonbaca;

R — ycuiue (peakuus), AeHCTBYIOLIEE B JIEMEHTE;

So — TUTOMIA/(h TIPOXOTHOTO CEUCHHS,

T — TeMIiepaTypa Tella B paCCMaTPUBAEMON TOUKE;

T — TeMIepaTypa OKpYKalolIel Cpepl;

U — ICTOYHUK TeIlIa BHYTPH TeJa;

{U} — BEKTOP Y3JIOBBIX TEIUIOBBIX HArpy30K;

Vo — CKOpOCTh CpeIsl OTHOCHTEIBHO JIIEMEHTa, B3aWMOJICHCTBYIOIIETO CO
cpenoi;

Vo — CKOPOCTb JKHJIKOCTH B PACCMaTPUBAEMOM CEUCHHH,

Ve — 00BEMHBIN pacxoj )KUJIKOCTH B Y3JIE;
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W@, W,V W, — mpoekuum yrioBoro mepeMenieHus B i — M ysie Ha ocu OX, OY u OZ

@ I00ATBbHOM CHCTEMBI KOOPJIMHAT COOTBETCTBEHHO;

wi”_, w,’_ w. — mpoexuum yrioBoro mepeMeIieHus B i — M y3JIe Ha OCH OX, 0y U 0Z
@ JIOKAJILHOM CUCTEMBbI KOOPAMHAT 3JIEMEHTa COOTBETCTBEHHO;

wr — 4acTOTa BO3MYIIEHUS MPU BBIHYKJIEHHBIX KOJICOAHUSX CUCTEMBI,

wi — i-¢ COOCTBEHHOC 3HAUYCHUE CHCTEMEI;

Wo — 3a/IaHHBIN CABHUI COOCTBEHHBIX 3HAYCHUM CHCTEMEI;

&, &, &, — neopmanuu pacTsKEHUS CKATHS,

Yeys Vizs Vo — neopMaluu C/IBUTa;

y — -KO3(QPHUIHUEHT TUHEWHOTO PACIIMPEHHS MaTepHaa;

a — KO3(PUIMCHT BHEIIHETO TOTJIONICHUS DSHEPTrUU TPU JUHAMHYCCKUX

MNECPCXOAHBIX IMPOLHECCAX;

B — KO3 (UIHMEHT BHYTPEHHETO TOTJIOMICHUS SHEPTrUH MPH JAUHAMHYECKUX
IIEPEXOHBIX IIpoLECCax;

B — KpUTUYECKUH TIepenas] JaBIeHUH;

B, B, B — KO3 PUIIMEHTHI MOIJIOMIEHNS SHEPTUH MPHU BBIHYKJIEHHBIX KOJIEOaHUSX;
A — TCIUIONPOBOJHOCTL MaTepUajia

Am — KO3 (PUITUEHT TUIPABIMYECKOTO TPEHHS ;

U — xkoa¢dumment Ilyaccona;

J7a — koahuIMeHT pacxoa rasa;

\% — IMHAMHYECKUN KOA(P(PUILIUEHT .BSI3KOCTH,

w — 00BEMHBIN KOX(D(UIIMEHT TIOJIE3HOTO JICUCTBUS;

M — MEXaHUYECKUU KOA(D(DHUIIMEHT IMOJIE3HOTO ACHCTBUS,

Yol — IUIOTHOCTh MaTepuana;

Lo — IUJIOTHOCTH paboyvero Teja B 3JIEMEHTE B HaydajlbHbI MOMEHT;

P — INIOTHOCTB XUJAKOCTH,
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Pep — IUIOTHOCTH BHEIIHEH Cpebl /Ui 3JIeMEHTa OBEPXHOCTH B3aHMMO/ICHCTBHS
CO Cpeliou;
Eu — K03((HUITUEHT MECTHOTO COTIPOTUBIICHUS;
o — TIocTosTHHASA bopIMana;
Os — K03(HUITUEHT U3ITydeHUS;
o1 , O2 U — TJaBHBIC HANIPSDKEHHUS,
o3
o — MHTEHCUBHOCTb HANPSHKCHUH;
Oxx , Oyy , Ozz — HOpPMallbHbIE HANpPSHKEHUS B MPOCKIMAX HAa OCH TJIOOATBHON CHCTEMBI
KOOp/IMHAT;
O , Oy , Oz ~— HODMaJlbHblE  HaNpsKEHMs B IIPOEKIMAX HA OCH JIOKAJbHOM
CHCTEMBbI

KOOPJIMHAT 3JIEMEHTA,;
o™, 0", 17, HOpMalbHBIC M KacaTelbHbIC HANPSDKCHHS OT M3rH0a B IUIACTUHE

MPOEKLHAX
Ha OCH JIOKAJIbHON CUCTEMbI KOOPJMHAT 3JIEMEHTA;

Txy , Txz , Tyz — KacaTenbJbHbIE HANPsDKCHUS B MPOEKIHUAX HA OCHU TII00aIbHOM
CHCTEMBbI
KOOp/JMHAT;

Ty , Tz, Tz  — KacaTelbJbHBIC HANPHKEHUS B IPOEKUMAX HAa OCH JIOKAJIHbHOM
CHUCTEMBI
KOOpJMHAT 3JIEMEHTA;

O u 0, — YIJIbI IOBOPOTA B TOYKE JIEMEHTA OTHOCUTENIBHO OCEN 0X U 0y
JIOKAJIbHOM CUCTEMBEI KOOpJAUHAT 2JICMCHTA,

0 — 00BEM MOJIOCTH DJIEMEHTA;

[ — 00BEM IMOJIOCTH JIEMEHTA B UCXOJHOM IOJIOKEHUU;

0 — paboumii 00bEM M IPOMAIIINHBI.



BBepeHue

[Iporpamma mpeHa3HayeHa JJIs PacueTOB MEPEMENICHUN, HANPSOKCHUA U Aedopmariuit
B NPOCTPAHCTBEHHBIX KOHCTPYKIUAX U JETANAX, MPEIACTaBIAEMbIX METOJOM KOHCUHEIX
9JIEMEHTOB. B BHJIE CHCTEM, COCTOSIIUX W3 CTEP)KHEH, IUIACTHH, OOBEMHBIX AJIEMEHTOB,
AJIEMEHTOB, PACCMATPUBAEMBIX KaK TBEPAOE TENO, TMOKUX HUTEH M PasNUYHBIX  CBSI3CU, MPU
CTaTUYECKOM M JUHAMHUYECKOM XapaKTepe MPHIOKEHHUS BHEIIHUX HArpy3o0K, 4acToT u (Gopm
COOCTBEHHBIX KOJeOaHWH, aMIUIUTYI BBIHYKICHHBIX KOJICOaHWH, a TakKe HHEPIHOHHBIX
XapaKTEPUCTHUK JIETaICH CII0KHOU POpPMBI.

[Tporpamma npenHazHaueHa aisi ucnoib3zoBanus Ha [I9BM B OC  Windows. Mmeet
cranaapTHbld st JaHHoW OC OJHOJOKYMEHTAJIbHBIN uHTep(erc MOoJIb30BaTEIIS. B
JIOKYMEHTE H3JI0KEHBbI CBEJICHHS, HEOOXOJUMbIC JUIsI HMCIOJIb30BaHUS porpamMMmbl  Ipu
pelleHnH yKa3aHHBIX 3a/a4.

1. O6wume cBegeHus
1.1. HazHayeHue nporpamMmmbl

[IporpaMMa mnpenHazHaueHa JJii  aHalW3a IPOCTPAHCTBEHHBIX KOHCTPYKLUH H
o0ecreynBaeT pelieHrue CleAyOINX 3a/1a4:

-pacueT nedOopMaMOHHBIX ePEMEIICHHI TPY CTATUIECKOM HArpyKEHHH;

-pacyeT INEepeMEICHUH M HaNpsKEHUH IpU JAMHAMHUYECKUX HAarpy3kax B paMKax
JIOTIYILIEHUS O MAJIBIX IIEPEMEIICHUSIX;

-pacdeT NepeMEeNICHUI U HANPSIKEHUH B 3JIEMEHTaX B KOHCTPYKLMHI IPU TUHAMUYECKUX
Harpy3kax ¢ yueroM OOJIbIIMX KHHEMaTHYECKHX MEepEeMEIICHUN;

-onpezeNneHre 4acToT U GopM COOCTBEHHBIX KOJI€OaHUI KOHCTPYKIIMMA;

-pacyeT aMIUIMTY/ BBIHYKJIEHHBIX KoJieOaHui (Bubpanuil);

-pacueT yCUJIMil U HamnpsDKeHUH B CTEPKHSX, MIIACTUHAX, 000JI0UKaX U 00bEMHBIX
areMeHTax (Ipu 3ToM oOecreunBaeTcs pacueT Kak KOMIIOHEHT, TaK U SKBUBAJEHTHBIX
HampsDkeHui) M Kod((UIMEHTOB 3amaca 10 HamnpsKeHUsM Ui BCeX BHJIOB

IepeMEICHU I
KOHCTPYKIUH ;

-BBIYHMCIIEHUE MacChl | MOMEHTOB UHEPIIUM KOHCTPYKLUA;

-pacyeT TEIUIOBBIX MOJIEH IPU CTAllMOHAPHBIX U HECTALIMOHAPHBIX IPOLECCAX;

-pacyeT HanpsHKEHUH OT COBMECTHOIO JIEHCTBHS TEIUIOBBIX IOJIEH U HATPY30K.

BBon MCXOOHBIX  JTaHHBIX OCYIIIECTBIIETCS C  IOMOIIBIO BCTPOEHHBIX
CHeIHaIN3UPOBaHHBIX TEKCTOBOTO U rpapuuecKoro peJakTopoB.

Pe3ynpTaThl TpEACTaBISAIOTCS B TaOMUYHO-TEKCTOBOM (GopmMe C HEOOXOAUMBIMU
KpaTKUMH KOMMEHTapHsIMH, CTPYNIUPOBAHHBIMY 10 BUly pPe3yJbTaTa, a TakKe B rpaduueckom
BU/IE.

B ocHoBe anroputMa pelieHus 3a/ad 3aJ10)KEH METOJI KOHEUHBIX 3JIEMEHTOB, CYLTHOCTh
KOTOpPOr'0 3aKJIIOYAETCsl B IMPEACTABICHUM HCCIETYeMON KOHCTPYKLUU B BUJAE COBOKYIHOCTH
AIIEMEHTOB  NPOCTOW KOH(UIypaluu, Ha3blBaeMbIX KOHeuHbIMH  3neMeHTamu  (KD),
CTBIKYIOIIMXCS B Y3JIOBBIX TOUKaX. MeTo/ moaApoOHO U3I0XeH B /1-7 u nip./.



1.2. XapaktepucTmku nporpamMmmbl

Jns naHHONM Bepcuu IporpamMMbl MaKCUMaJIbHOE KOJIMYECTBO y3i10B B KO-monenun mo
ymondanuto npuHuMaetrcs paBHbM 40000. IIpym HEOOXOAMMOCTH MOXKET OBITh YBEITUYCHO
cnenuanbHoi komauzou g0 1000000 m Gonee. PeambHO pa3Mepbl MOJICIHM OTPaHUYHBAFOTCS
BO3MOKHOCTSIMU Uctioib3yemoit O9BM. KonudectBo KD npakTuuecku He OrpaHUYEHO.

1.3. MCHOﬂb3yeMble TeXHn4eckKme n nporpamMmMHbie cpenctBa.

Jist paboThl IPOTrpaMMbl HEOOXOAUMBI:

- [Iponieccop e Hmxke Pentium IV,

- O3V émxkoctbio He MmeHee SO0MO;

- MoHUTOp ¢ Tpaduyeckum anantepom VGA umn SVGA;

- oniepannonHas cucremMa Windows-95/98/NT/ME/XP/7/8/10.

OO0BEM MaMATH HA KECTKOM JUCKE ONPEIENIeTCS pa3MepaMu pellaeMbIX 3a/1a4 U MOXKET
nocturath 21°0.

[IporpamMmma  oOecneunBaer BBIBO/I uHpopManud B BUAE TpadUUECKUX
M300pakeHMi, IBETHBIX MyapOBBIX KAPTHH 00JacTeil paBHBIX HANPSDKEHUH U PACYETHBIX CXEM B
rpaduyecKoM BUAE, TO AJIS MTOJIyYE€HUS KaUECTBEHHBIX JOKYMEHTOB OTPAXKAIOIIUX PE3YIbTaThl
pacueToB B KOMIUIEKTE OOOpYyIOBaHHS >KENaTelbHO HalM4Yhe CTPYWHOTO WJIM JIa3epHOTO
IIpUHTEpA.
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2. MeTtoa n anropuTMbl pelieHnsa 3agad

PeanuzoBanHbiil B mporpaMmmMe MeTo]1 KOHEUHbIX eMeHToB (MKD) nocratouno mmpoko
U3BECTEH U €ro MnojApoOHOE M3JI0KEHHE 3/1€Ch JUIICHO CMbICIA, MO3TOMY B JAHHOM pas3fele
KpPAaTKO M3JI05KEHBI TOJIbKO OCHOBHBIE TOHSTHS, aJITOPUTMBI pELICHUs 3aa4, OCHOBHbIE CBOICTBA
U OCOOCHHOCTHM KOHEUYHBIX 3JIEMEHTOB, BXOASAMUX B Oubmmoreky. IlogpoOGHoe u3nokeHue
TEOPETUUYECKUX TOJOKEHUU W AITOPUTMOB MOXXHO HAWTH B JIMTEpAType U3 MPHUBEICHHOTO B
KOHIIE IOKYMEHTa CITUCKA.

2.1. OcHOBHbIe NOHATUA

2.1.1. O6wme cBegeHun

B coorBerctBuM ¢ ocHoBHOM wuaeeit MKD wuccnenyemblii  peanbHbBI  OOBEKT
IIPEICTABIISIETCS B BUJEC UICAIU3UPOBAHHON CUCTEMBI,  COCTOSIILENH U3 KOHEYHBIX JIEMEHTOB
COCIMHEHHBIX B Y3JIOBBIX TOUKaX. Takas MOJElib OObEKTa HA3bIBACTCSI KOHEUHO-3JIEMEHTHOU
(KD-monens).

[lon KOHEUHBIM 3JIEMEHTOM ITOHUMAETCS YCIOBHO HEJIENMMAsl 4acTh 00bEKTA, COCTOSIHUE
KOTOPOH MOJHOCTBIO ONpEAENseTcs BbIOPAaHHBIMH Y3JOBBIMH HEHU3BECTHBIMHU, M JJIsI KOTOPOM
BO3MO’KHO MOCTPOEHHE MAaTeMAaTHUYEeCKOW Mojenu B ynoOHOU nisi merona ¢opme. B kadecTtBe
KOHEYHBIX 3JIEMEHTOB B 3aBUCHUMOCTU OT peIlaeMOM 3aJadd MOTYT BBICTYNAaTh 00JacTH
CIUIOIIHOM CPEJIbl, 2JIEMEHTHI KOHCTPYKIUH, 3JIEMEHTAPHbIE MEXaHU3MBI U T.1.

VY3710BBIMH TOUKAMH WM y3JaMHM HAa3bIBAIOTCS reoMeTpuueckue Touku, KO-monenu, B
KOTOpOH CTBIKyIOTCS coceanne KD wnaM nOpuiiokeHO BHELIHEE BO3ZAEHCTBHE, U TIle
OINpENeNAIOTCA  Y3JI0Bbl€ HEU3BECTHBIE, OIMUCHIBAIOLIME COCTOsIHME oObekTa. llonoxeHue
Y3JI0BBIX TOUEK ONPEENSIETCS B [IPaBOy MPsIMOYTOJIbHON cucteMme koopauHat XOYZ (puc.2.1a).

JUia pemienns 3agad Mexanukun MKDO peanusoBaH B BapuaHTE METOJa NEPEMEILEHUN
MI03TOMY B Ka4E€CTBE Y3JIOBBIX HEM3BECTHBIX BBICTYMAIOT pa3jMuHble BUbI epeMenieHuil. s
DJIIEMEHTOB KOHCTPYKLHUH 3TO NPOEKLHU IEPEMEIIECHUN Y3JO0BBIX TOYEK U YIJIOB IIOBOPOTA
CEUEHHWH Ha KOOpJAMHATHBIE OCH TJIOOAJbHOW CHCTEMbl KOOPAMHAT, IMOJIOXKUTEIbHBIE
HalpaBJIeHUs] KOTOPBIX Mpe/ICTaBlIeHb! Ha pHc. 2.160.

x ¥ 0; 1,20,

Puc. 2.1.K Bonpocy o cucteme koopauHaT 1 Y3noBbIX NepeMeLLeHUN:
a-cuctema koopauHat; 6 - y3noBble nepemMeLleHus.

[Ipu pemenun 3amad, TpeOYIONUX PACCMOTPEHHS OJHOMEPHOTO NBIXKCHHS pabodero
Tesa (KUAKOCTH MIIH ra3a) B KAUeCTBE Y3JIOBBIX HEU3BECTHBIX B Y3J1aX, yepe3 KOTOPbIE MPOXOIUT
HOTOK paboyero Tena, MCIOIb3yeTCs TOJIBKO OJHO NEPEMENICHNEe — ISl KUAKOCTH 3TO 00BEM
XKHUJIKOCTH, a JJIs Ta3a 3TO Macca rasa, Mpolle/as yepe3 y3JI0BYI0 TOUKY CXeMbl. Y CJIOBHO 3TO
nepeMenieHrne cooTBeTcTByer (x - mnepememieHuto mo ocu OX (puc. 1.2.1). Ilo stomy
HaNpaBJICHUIO B TAaKUX y3JlaX 33Jal0TCs KMHEMaTHYECKUE TPaHUYHbIE YCJOBUS NPH 3aJaHUU
HUCXOOHBIX HTAaHHBIX. HpI/I )IaJ'IBHefIHIeM H3JI0KCHUHN Y3JIbI 3JICMCHTOB, Y€PE3 KOTOPHIC IMPOXOJIUT
NOTOK paboyero Tena, OyayT Ha3bIBaThCs y3JIaMH MOTOKA paboyero tena (KuAKOCTH, ras3a).
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[Tpu CTHIKOBKE KOHEUHBIX AJIEMEHTOB B TaKUX Y3JaX MOTYT COEAMHATHCS HE OoJiee ABYX
KOHEYHBIX JJIEMEHTOB, IPU 3TOM HANPABJICHUS TOTOKA y CTBIKYEMBIX AJIEMEHTOB JOJDKHBI
COBIAAaTh. B KadecTBe y3JOBBIX yCWIMHA B TaKuX y3Jax MPHHATO JaBieHHE pabouero Tena.
[Tpu >ToM naBneHMe, Kak y3JI0BOE YCHIIME, SBISAETCS BEKTOPHOIN BEJIMYMHOM, U CTHIKOBKA T.C.
HOJI0XKUTEIIBHOE [0 BEJINYMHE JEHCTBYET 10 HAIIPABJICHUIO IOTOKAa U HA00OPOT.

[Ipn pemenny 3amay mepeHoca TEIUIa B Ka4eCTBE Y3JIOBBIX HEU3BECTHBIX BBICTYIAIOT
Temneparypsl B yzaax (C°).

T~ 6 =0

Puc. 1.2. Y3anoBble nepemMeLleHNa 3NEMEHTOB B yarnax ruapasinyecknx CXeM.

Jna Hexotopblx THUNOB KD BBOAATCA, TakKe, MECTHBIE WM JIOKAJbHBIE CHCTEMBI
koopauHat (JICK), cBsa3anHble ¢ kOHKpeTHbIMM 3ieMeHTamu. B JICK MoxHO omnpenensite u
BBIBOJMTDH MAapaMeTPhbl COCTOSIHUSL 3JeMeHTa (yCUJIMs, HAUpsHKeHUs U JAp.), a TakKe 3a7aBaTh U
PEeIaKTUPOBATh UCXO/IHbIE JaHHBIE.

2.1.2. dnemMeHTapHble N BUpPTYyaribHble Y3Jibl U 3JIEMEHTbI

B Monienu BeIIENSAIOTCS DJIEMEHTAPHbIE U BUPTYaJIbHBIE Y3IbI.

DJeMeHTapHbIM Ha3bIBAETCS Y3€J1, B KOTOPOM CTBIKYIOTCS KOHEUYHBIE 3JIEMEHTHI, T.€.
MPOCTO y3€J B KIIACCHYECKOM JJISl METO/1a TOHUMaHHH.

CBsI3b 2JIEMEHTOB Yepe3 3JIEMEHTapHBIE Y3JIbl HA3bIBACTCS IBHOM.

BupTtyanbHeiM Ha3bIBaeTCS y3€Jd, CBS3BIBAEMBIH C KOHEYHBIMH DJIEMEHTAMH C dYepe3
BUPTYyaJIbHbIE WM CIIELUAIbHBIE COTTIACYIOIINE 3JeMEHThI. Takue y3/bl MOTYT pacroyiaratbes B
YIOOHBIX C TOYKH 3peHusi HOpMUPOBAHHS MOJEIM MECTax. B HUX MOXXHO 33JaBaTh TPAaHUYHBIC
YCIIOBUS M COEJUHSTH C UX MOMOIIBIO 3I€MEHThl. BUpTyasnbHbIE y3JIbI MOTYT ONPEAETATHCS MO
YMOJTYAHUIO WJIM Ha3HAYaThCsl HEMOCPEJCTBEHHO ToJib3oBaTenem (puc.1.3, 1.4).

[To ymonmuaHHIO BUPTYAIbHBIMU CUMTAIOTCS Y37Ibl, B KOTOPBIX 33JaHbl TOJIBKO TPAaHUYHBIE
CHJIOBBIE WJIM KHHEMATWYECKHE YCJIOBUS, WM Y3JIbl, C KOTOPBIMH CBSI3aH TOJBKO OJWH
OJTHOMEPHBIH 3I€MEHT — CTep>KeHb, NPY>KUHA, HAIIPaBJISAIOIIas KyJIUCHI U T.11. OTa GyHKLUSA, TPU
HEOO0XOIMMOCTH, MOKET OTKITFOUATHCS.

OCOOEHHOCTBIO BUPTYaIbHBIX 3JIEMEHTOB OTCYTCTBHE SIBHOTO 3a/laHUSI HOMEPOB Y3JIOB,
WA HEKOTOPBIX Y3JIOB 3JIEMEHTA, C KOTOPHIMH OH CBsi3aH. CBSI3b Y3JI0B OMpEIEINseTCS B XOe
BBIUUCIICHUH, IO YCIOBHUIO NPHUHAUIEKHOCTH K KaKOH-THOO KoHTpoiupyemoil obmactu. T.e.
MPU3HAKOM BHPTYaJbHOTO JJIEMEHTA SIBIIETCS HATUYME KOHTPOJIUPYEMOW O00JIacTH. OTH
9JIEMEHTBI pacCCMOTpPEHHI B 11.3.25.

OpxHuM 13 HanboJee BaXKHBIX MPEUMYIIECTB HCIIOJIb30BAaHMS BUPTYAIBHBIX DJIEMEHTOB U
y3JI0B SBISIETCS HE3aBUCHMOCTb CETOK CBA3BIBAEMBIX JJIEMEHTOB, KOTOPHIE MOXXHO MEHATH
HE3aBUCHMO, HEe BHOCS U3MEHEHUH B ITapaMeTPbl CMEKHBIX DJIEMEHTOB.
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MepeMeLEHHS NPH CTATHYECKOM HArPYyXXeHHH
53¢ - HOpManbHHIE HANPAXeHHA no ocH DX MCK

lkana 5%, MMa
7.64135e-005

IB,HSZZB-[I[Iﬁ
4,5851e-005
3,05698e-005
1,562886e-005
7,39601e-009
-1,52738e-005
-3,0555e-005
-4,58362e-005
-6,11175e-005
-1,63987e-005

2,3

Puc. 1.3. BupTtyanbHble yanbl. 7 — anemMeHTapHble y3nbl, 2 — BUPTYyaribHble y3rbl, 3 -

XEcTKoe 3akKpenneHue, 4- cocpeoToveHHaqa cuna, 5 — NnoBepXHOCTb
OaBJiIEHUA.

Puc. 1.4. CoegnHeHne aneMeHTOB B BUPTYarbHbIX TOYKax. 1 — 0OGbEMHbIE 3NIEMEHTDI
3D20, 2 — npyXnHa pacTsXeHus-cxaTtus, 3 — ctepxeHb 1D2.
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2.2. Pewmaemble 3agayuu

Marematnueckuii  anmapatr MKD mno3Bonser 3amucaTh  ypaBHEHHE — JABH)KCHHUS
naeanu3upoBaHHon KO-Moemm OTHOCUTENIBHO Y3710BbIX HEU3BECTHBIX B BUJIE

[a]i0}+ [clig}+ [xlio) = {F) @.1)

rae [M], [C] u [K]- MaTpumpl HWHEPIMH, ASMIIPUPOBAHUS U XecTKocTu KIO-Momenun
COOTBETCTBEHHO, {F} - BEKTOp Y3JIOBbIX ycuiuii, {Q} - BEKTOp Y3JOBBIX MEpEMEIICHUN.
Matpuiibl ¥ BEKTOPHI, BXOSIINE B YpaBHEHHE 2.1. HA3BIBAIOT, TaKXKe, III00ATBHBIMU. MaTpuIlsl
[M], [C], [K] n BekTOp {F} GOpMUPYIOTCS NMyTeM CYMMHPOBAHHUS COOTBETCTBYIOIIMX MaTpPHI]
otnenbHbIX KO. 3anuch ypaBHEHMsI IBUKEHUS MOJIEIH B BUE (2.1.) MO3BOJISET PELIUTH LEIIbIH
psif 3a/1a4, paCCMOTPEHHBIX Jlaliee.

2.2.1. PacyeT nepemeweHUN U HanNpsPKEHUA OT AEUCTBUA CTaTUYECKUX
Harpysok\

Pacuer nepememieHMii M HanpsHDKEHUM IPU CTATHYECKOM HArpyKEHUM CBOJIHUTCS K
PELIECHUIO YPaBHEHHUS

[Kl{o}={F} 2.2)

U BBIUMCIICHUIO HANPsOHKEHUH B 3JIEMEHTaX IO MOJIyYEeHHBIM B pe3yibTare pemeHus (2.2)
Y3JI0BBIM IEPEMEILECHUSM.

[Ipu pewieHun STONW 3a7aud KUHEMAaTHUYECKUE TpaHUYHbIE YCIOBUS (3aJaHHBIC
NepeMEILEeHHs], 3aKpeIUIeHUs) 3aJaloTcsl TakUM oO0pa3oM, 4YTOOBl HCKIIOUUTh BO3MOXKHOCTh
Kakux Jau0o nepemeriennit K9-mozenu kak TBepAoro Tena.

K ocobeHnHOCTSAM peanu3aiuy 3a/1aud B ONKUChIBAEMON IPOTpaMMe ClIe1yeT OTHECTH:

-BO3MOXXHOCTh DEIICHHs JJI1 PA3IMYHBIX BAapUAHTOB HATPYXKEHUS, OTINYAFOLIUXCS
codyeTaHUsAMH KO3 UIIMEHTOB JUIs 33JJaHHBIX HArpy30K;

-BO3MO>KHOCTh PEIIEHUs ISl U3MEHSIOINXCSA BO BPEMEHH KMHEMAaTUYECKUX U CHJIOBBIX
I'PaHUYHBIX YCJIOBUI;

-BO3MOXXHOCTh y4u€Ta (PHU3NYECKOW HETWHEWHOCTH B BHUJAEC 3aBUCUMOCTH CBOMCTB
MaTepuaia ot JedopManuii U TeMIepaTypshl;

-BO3MOXKHOCTh yu4€Ta T€OMETpUYECKON HeTMHEeHHOCTH (pacuera mo JaedOpMHUPOBAHHOMN
cXeMme), T.e. C yueToM jedopMariuii 31eMeHTOB.

B pesynbrare pemieHus STUX 3a4ad IOJydyaeTcss HAOOp BEKTOPOB NEpeMeLIeHH,
COOTBETCTBYIOIIMX 3aJaHHBIM YCIOBHUAM, Ul KaXIOr0 M3 KOTOPBIX BO3MOKHO BBIYHCIICHUE
HaIlpsDKEHUH B DJIEMEHTaX.

2.2.1.1.JInHeHaa cTaTuKa

[Tpu pemieHnn 3a1a4 JIMHEHHON CTaTUKHU JedOopMaIiH M0JIaraloTcs MajabIMU, a CBOWCTBA
9JIEMEHTOB HE 3aBUCAIIMMH OT Aedopmaruil. PemeHue 3agauu CBOAUTCS K OINPEAEICHUIO
BEKTOpa MepeMEeIIeHNI HEeMOCPEACTBEHHO U3 ypaBHEHMs (2.2) U BBIYMCIECHUIO HANpsHKEHUN U
nedopmaruii B a71eMeHTax.

Jns perienust 3agaun He0OXOIUMO OMMCAHUE MOJENU U IEUCTBYIOIIMX Ha HE€ Harpy3oK.
Kunemarnueckre TIpaHUYHBIE YCIOBUS JIOJDKHBI ObITh, B OOINEM ciyyae, 3aJaHbl TaKUM
00pa3zoM, 4yTOOBI MCKIIFOYUTH BO3MOXKHOCTH JTFOOBIX MEPEMENICHUI MOJAEIN KaK TBEPAOTo Tena.
HckiroueHne COCTaBIseT clyyail Harpy>KeHus MoJiesii cOaJJaHCUPOBAaHHOW CHUCTEMOM CHII MPH
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pELIEHUN CUCTEMBI YPaBHEHUM METOJOM CONPSDKEHHBIX IPaJUeHTOB. B 3TOM ciyuae pemieHue
MOJKET OBITh MOJIYYEHO MPHU OTCYTCTBUU KAKHUX JINOO KWHEMATUYECKUX TPAHUYHBIX YCIOBUH.

Ecniu B Habope NMaHHBIX YKa3aHbl HEJIMHEWHBIC CBOMCTBA IS MaTepuaia B BUJC
3aBHCUMOCTH HampshKeHHUH oT nedopmanuu, a TpedyeTcs pelieHrne UIMEHHO JTMHEWHOH 3ajauu,
TO 3TO HEOOXOIUMO yKa3aTh B 3aIIMCH aTPUOYTOB.

2.2.1.2.AHann3 HaYanbHOMN YCTOMYNBOCTHU

AHanu3 Ha4albHOM yCTOMYMBOCTH IMpEIoiaraeT onpeieleHue 1 U3BeCTHOTO BEKTOpa
o . ()
nepemenieHnit  {J} BEKTOPOB TMOTEPU YCTONUYMBOCTH {Q,l } U COOTBETCTBYIOIIMX UM

MHOXHTeTeH A (KpuTHYeCKHX KO3((HIMEHTOB HArPY3KH), COOTBETCTBYIONIMX PABHOBECHOMY

COCTOSAHUIO CUCTEMBEI, T.C.
' ; ol _
(&]+A K g =0. (2.2a)

TIe

[K 0 ] - Marpuua >KECTKOCTM COOTBETCTBYIOLIAS  ITOJIOKEHHUIO MOJEIM IIPU KOTOPOM
OIpeAENEH BEKTOP MEPEMELIEHUN OT JEUCTBUS CTAaTUUECKON HArpy3KU {o} ,

(K, -MaTpUIlla HAYaJIbHBIX HANPSDKEHHH, MM TeoMeTprudeckas matpuna / 11 /.

Marpuna [K - ] , TAKXKE, KaK ¥ BCE MaTPUILIbl YPABHEHUN PAaBHOBECUS MOJEIH, IT0OITY4aeTCs

CYMMHUPOBAHHUEM MATpHll OTACIbHBIX 3JICMCHTOB [Ké-e) ], OnpeaAC/IsICMbIX BbIPAKCHHUEM
el | — ie)
[Ka ]_I[BL]T{G }dV

[BL]-ManI/IIIa Ha4yaJIbHBIX M3MEHEHUM TeoMeTpuu 3jeMeHTa. CrocoObl ompeneneHus

rae

MaTpHUILIBI [B L] JUISL pa3JIM4YHbIX CIy4aeB MOKHO Hailtu B/ 11 /u nip.

Takum o0pa3zom, pelleHue 3ajadd HadyadbHOW YCTOWYMBOCTU CBOJUTCS K PELICHHUIO
HOJIHOM MpoOsIeMbl COOCTBEHHBIX 3HAUEHUI JUId ypaBHEeHus 2.2a.

HenocpenctBennble BbIYMCIEHUS KOI(PPUIMEHTOB KPUTHUECKOM HArpy3ku u (opm
MIOTEPU YCTOMYMBOCTH BBINIOJIHAIOTCS aBTOMATUYECKH B IIPOLECCE PELIEHUS 3aJaud JTMHEHHOU
WIM HEIMHEWMHOM CTAaTWUKM, eclid B aTpuOyTax yKa3aHO 4Mcio (OopM MOTEpU yCTONYHMBOCTH
6onbue Hyas. Bo3moxHo Beruncienue 10 50 popM NoTepu yCTOHUMBOCTH, XOTS, HA MPAKTHKE,
WHTEPEC MPEJICTABIISIOT MepBbie 6-12 dopM.

2.2.1.3.HenuHenHasa cTaTuKa

Peanu3oBanbl 1Ba BUa HEIMHEHHOCTH — (PU3HUECKAs U TEOMETPHUECKasl.

@dusnueckas HEIMHEWHOCTh MPEANOJaraeéT 3aBUCUMOCTb CBOWCTB Marepuana oOT
negopmanuii, HampsLKEHUH U TeMIepaTyp.

I'eomeTprueckass HETUHEHHOCTh MPEATNONAraeT HAIMYNE 3HAYUTENbHBIX Aedopmanuii u
nepeMeneH! MO/IeH, WIM U3MEHEHHs €€ CTPYKTYphl (BOSHUKHOBEHHME U MOTEPs KOHTAKTOB,
pa3pyIieHne dJIEMEHTOB).

Hannune gusnyeckoil HemuHEHHOCTH 0€3 reOMEeTpUYECKO 03HAYaeT PelIeHne 3a/1auu B
paMKax JOIYIIEHUS O MaJbIX NepeMenieHusX. B aTom ciaydae mpaBast yacTh ypaBHeHHs (2.2)
IIPUHUMAET BU
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F)-{F, )+ ()

I'ne

{F } -BEKTOP BHEUIHUX CHJI,
z

n
}_ Z {F-ifi'l'} -BEKTOP CHJI (PU3NYECKON HETMHEHHOCTH,

{F 1= \F)

[=2
gml

{Fje:c' }: [ |B|[({|:r ) }— {u:r (=) }HV -BEKTOp CHJI (PM3MUECKOM HEIMHEHHOCTH DIIEMEHTA,
{g (s } u {g{ E]ﬁfl'} -yIpYTrHe U yIpyromiacTHYeCKHe HAIIPSHKCHUS B AJIEMEHTE,

COOTBETCTBYIOIIME BEKTOPY MEPEMEIICHU I {o}.
Cucrema (2.26) pemraercs UTEpalliOHHO

| o}, =IKNiF}+ .}

['eomerpuueckas HEIMHEHHOCTh  NpEANOJaraeT  3aBUCUMOCTb  I€OMETPUYECKUX
COOTHOLIEHUH, a CIelI0BaTeNbHO U WICHOB ypaBHeHMs (2.2) o mepemeuienuil. [Ipu stom, mis
KaX/J0T0 3JIEMEHTa MPEANoJaraeTcsi BO3MOXKHOCTb IIPEACTaBIECHUS BEKTOPA  Y3JIOBBIX

o e) . (e)
IepeMenIeHu I {Q(‘ } B BUJE CYMMBI BEKTOPOB €T0 CMEILEHHs KAaK TBEPAOTO Teia {Qk } "

o (e)
BEKTOpa NEPEMEILICHUI {Qg }, BBI3BIBAIOMINX €r0 JAeopmanmm

V=100 j+107)

B stom cinyuae ypaBHeHue (2.2) IpUHUMAET BU]L

[K(lodlie}=1F, 1+ 7,

rac

{F }_ n {F e } —BCKTOp KHHEMATU4YCCKUX CHJI CUCTCMBEI,
Bl Z k
e=1

{F.!:(S:I:I }: ‘K (e)

V4é€r reomMeTpUyeCcKON HEIMHEWHOCTH MpelroiaraeT IMOoJHOe mepedopMHUpOBaHUE
cucTeMbl ee (POpMUPOBAHUEM Ha KaXkKJJOM IlIare.

o} =[x (e} NiF, 1+ {7 ).

OnHoBpeMeHHBIN YUET PUBNYECKON U TEOMETPUUECKON HETMHEHHOCTH MPUBOIUT K
3allMCH YPaBHEHUSI PABHOBECHS MOJIEII B BU/JIE

[k ({oPe}=F, j+ {7 }+ {7}

U TaKke TpeOyeT UTepallMOHHOTO pelIeHus ¢ nepe)OpMUPOBAHUEM MATPHI] YpaBHEHUS
Ha Ka)/IOM I1are.

Wtepanmu npekpamaroTest Ipu AOCTHXKEHUM KBaJpaTHUYHOW HOPMBI HEBSA3KHU 3aJlaHHOMN
BEJIMYMHBI, T.€. BHIIIOJIHEHUU YCIIOBUS

{Q (e) } -BEKTOP KMHEMaTHUYECKUX CHJI DJICMEHTA.
k

{aoy a0} _
eflos "
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(2.26)

rIe

{20}, ={0}, -0}

& =10%-10"% -3amaBaemas TOMyCTHMAs BETMUMHA HEBS3KH.
Benuuuna, & a TakKe IpefelbHOe YUCI0 HTEPAIHil 3a1al0TCs MONb30BaTeIeM.

2.2.1.4.CtaTn4eCKM aHanu3 Npu U3MEHSALWUXCA BO BPEMEHU rPaHUYHbIX
ycnoBusx

ANTOPUTMBI  pelIeHus 3aJad  JJid  M3MEHSIOIMMUXCSA BO BPEMEHHM HArpy3oK H
KMHEMaTUYECKUX YCIOBUN OTJIMYAIOTCS OT H3JIOKEHHBIX BBIIIE TE€M, YTO  IPEANOIararoT
MOIIArOBOE PEIICHUE YPABHEHUSI PABHOBECUS C U3MEHSIOIUMHUCS TPAaHUYHBIMU ycinoBusmu [Ipu
S9TOM B KadyecTBe apryMeHTa MJisi ONHCAaHUs H3MEHSIOIUXCS HArpy30K U KHHEMaTHYEeCKHX
YCIIOBUHM UCHOJIb3YeTCs BpeMs, T.€.

}-IkI'F) .

rae {QO:} , [Ki], {F:} -BexkTop nmepemMenieHuii, MaTpuila >KeCTKOCTA U BEKTOP
Harpy30K B MOMEHT BPEMEHHU ¢ COOTBETCTBEHHO.

Ecnu nepemenieHuss MOKHO CUMTATh MAJIBIMU, & KUHEMATHYECKUE IPAHUYHBIE YCIOBHS
HEU3MEHEHHBIMHU I10 CTPYKTYpE, TO 3aJada PeIaeTcs: Ipy HEM3MEHHOMU JIEBOM YacTH ypaBHEHUS,
Y Ha KaXXJIOM 11are nepeopMUpOBbIBaeTCS TOJIBKO MTpaBasi 4aCTh ypaBHEHHUSI.

B obmem ciyuae, nmpu yuére O0IBLIIMX MEpeMEIeHUH 3JeMeHThl MaTpullsl |[K|, BekTopa
{F} W KXUHEMaTH4ecKHue TpaHUYHBbIE YCIIOBUS, B COOTBETCTBUU C KOTOPBIMU BHOCSTCS
u3MeHeHus B |K|, 3aBHCAT OT 3JE€MEHTOB BEKTOpa MEpEeMEIICHUH, TO MocjeIHee ypaBHEHHE
(bopMupyeTcs Ha KaXKIOM IIare v peuaercs myreM urepauuid. [Ipu aTom, ans nepBoit urepanuu
UCIIOJIB3YETCSI BEKTOP (J, IMOJIyUYEHHBIN Ha IIpeaplayleM mare no spemenu. Lllar u uarepsan no
BPEMEHH, a TaKXe KOJIMYECTBO HWTEpalMii Ha IIare YCTaHABIMBAKOTCS IIOJIb30BAaTEIEM B
COOTBETCTBUM ¢ 0COOEHHOCTSIMU KOHKPETHOM 3a1auu.

Hcnons30BaHne BpEMEHU B KaYECTBE apryMEHTa IO3BOJISET HCIIOIb30BAaTh €IUHBIC JUIS
BCEX pPEAIM30BaHHBIX B IpOTrpaMMe 3aJay CIOCOObI OMMCAHUS HArpy3oK, KHHEMAaTHYEeCKHUX
YCJIOBHM Y BO3MYILICHHIA.

2.2.1.5.KnHemaTtuyeckum u curioBomn aHarinua mexaHUu3MoB

3ajay KUHEMAaTUYECKOTO W CHJIOBOTO aHajlih3a MEXaHU3MOB SBIISIIOTCS YacTHBIMU
CIIy4asiMM 3a/1a4l CTaTUYECKOTO aHaIN3a IIPU U3MEHSIOINXCS BO BpDEMEHH Harpys3Kax.

Kunemarnyeckuil aHanu3 BBIIOJTHSETCS NMYTEM MCCIENOBAaHUS PE3YNbTAaTOB pPEIlIeHUs
3aJa4d MPH OTCYTCTBMM KakKMX JHMOO BHEUIHUX HArpy30K M 3aJaHHBIX, B COOTBETCTBHM C
TpeOyeMbIM 3aKOHOM JIBW)KEHHUS BEAYIIETO 3BE€HA, KMHEMATHMYECKHUX TPAaHUYHBIX YCIOBHSIX.
PesynbraTom pemieHus Takoil 3amaun OyayT mapaMeTphl ABMXKEHHUS Y3JI0BBIX Touek. Ilpu sTom,
€CJIi B KMHEMaTHYECKHX T'PAaHUYHBIX YCIOBHUSIX CKOPOCTh TOYKH, ONpPENENSIONEN ABM)KEHUE
BEIYILEro 3BEHa, BHIOpaHA PAaBHOM €AMHUIE, TO CKOPOCTHU JAPYIHX Y3JIOB, MOJY4YEHHBIE MpPHU
pelIeHUN YypaBHEHMs ABM)KEHMS, IO BEJIWYMHE OYyAYyT paBHbl MTHOBEHHBIM MepeAaTOYHbIM
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otHomeHUsAM. CkopocTH — ompeaenstorcs nyTéM  aud@epeHuupoBaHUS O  BpPEeMEHU
MepeMelIeHUI B pa3IMYHbIE MOMEHTHI BPEMEHH, MOJIYY€HHBIX U3 perieHus (2.23).

AHaJOrMYHO, CHUJIOBOWM aHAJIMW3 BBINOJHIETCS IYTEM HCCIENOBAaHUS PE3YJIbTaTOB
pellieHrs 33a4u NP JACUCTBUU BHEIIHUX HATrPY30K M KUHEMATHUECKUX I'PAHUYHBIX YCIOBUAX
3aJIaHHBIX, B COOTBETCTBUU C TPEOYEMBIMU 3aKOHAMU JIBU)KEHUS BEIYIIETO 3B€HA U M3MEHEHUs
BHEUIHUX Harpy3ok. [1o momyueHHbIM U3 perieHus (2.26) nepeMenieHusIM onpeaestoTcs YCUIus
Y HaNpsDKEHUS B 3JIEMEHTaX, HeOOXOMMBIE ISl BBITOJHEHHS JaTbHEHIIIEro aHaIn3a.

2.2.2. PacyeT napameTpoB ABWMXEHUA NPU AUNHAMUYECKOM MepexonHOM
npouecce

Pacuer mepemerieHuil KOHCTPYKIMU NPU TUHAMUYECKOM HArpy>XeHWHM, Mpearoiaraet
YHUCJIEHHOE WHTErpUPOBAaHUE IO BpeMEHW YypaBHeHHMs (2.1), ©npu 3aJaHHBIX CHJIOBBIX U
KMHEMaTUYEeCKHX T'PaHMYHBIX U HayaJIbHBIX YClIoBUsX. [l paccMaTprBaeMoro kKjiacca 3afad B
MIOJIaBJISIOLIEM OOJBIIMHCTBE CIIYy4aeB MPUTOJHBI TOJIBKO HESBHBIE 0€3yCIOBHO-YCTOHYMBBIC
MeTOAbI. P51 METO/I0B UMCIEHHOTr0 MHTEIPUPOBAHUS U UX CBOWCTBA paccMoTpeHsl B /1, 3,21 u
np./. BcnenctBue o0beMHOCTH TeMbl €€ TMOAPOOHOE W3IIOKEHHE B JAHHOM JOKYMEHTE
HelenecooOpa3Ho. B mporpaMme peanu3oBaHbl SBHBIM M HESBHBIAH METOIbl MHTEIPUPOBAHMUSL.
SIBHBIN MeTon MHOT/A OKa3biBaeTcs d((EeKTHBHEE TOJNBKO IS 33734 paclpOCTPaHEHHUS BOJH
nedopmanuii. B octanbHbIX cilydasix HEsIBHBIA METO/ ropasnio 3¢dexkTuBHee.

Bce paccmoTpeHHble B yKa3aHHBIX paboTax METOABl  MPEIIONararoT CBEICHHE
ypaBHeHHs (2.1) K cucTeMe JMHEHHBIX anreOpandyeckux ypaBHEHHM, OTHOCHUTEIIBHO BEKTOpa
IEpEMEIIEHUII B paccMaTpUBAEMblii MOMEHT BPEMEHH, MyT€M MOJCTaHOBKH B (2.1) KOHEYHO
Pa3HOCTHOIO IPEJICTaBIEHUs] BEKTOPOB CKOPOCTEH M yCKOpeHHH. B mporpamme ucnosb3yercs
METOJ, TPSIMOYTOJILHUKOB CO CTJIQXKMBaHUEM, IOJAPOOHO paccMOTpeHHbI B ./21/. Meton
MIPAKTUYECKH UJCHTUYEH METOAY HEelIEHTPaJIbHbBIX pasHOCTeH TpeTbero nopsnaka /1, 3, 21/, Ho Ha
Ha4yaJIbHOM 3Tare BBIYUCIIEHUS HECKOJIBKO MPOLIE.

Bce paccmoTpeHHBle B yKa3zaHHBIX paboTax METOAbl  MPEAINOoJIaraloT CBEACHUE
ypaBHeHUs (2.1) K cucTeMe JMHEWHBIX alre0panyecKux YpaBHEHHMH, OTHOCHUTENIbHO BEKTOpa
NepeMeIeHNl B paccMaTpUBaeMblii MOMEHT BPEMEHH, IyTeM MOACTAaHOBKH B (2.1) KOHEYHO
Pa3HOCTHOI'O IIPEICTABIICHUsI BEKTOPOB CKOPOCTEW M yCKOpeHHH. B mporpamme mcnosabs3yercs
METOJ TNPSIMOYTOJBHUKOB CO CIJIQ)KMBAaHUEM, IMOJAPOOHO paccMOTpeHHbIH B ./21/. Meron
MPaKTUYECKHU UJIEHTUYEH METO/ly HELIEHTPAJIbHBIX pa3HOCTEN TpeThero nopsaka /1, 3, 21/, Ho Ha
HA4aJIbHOM DTalleé BBIUMCIIEHHS HECKOJIBKO Ipole. Merox NpsMOYrolbHUKOB IPEIoIaraet
JBUKEHME Ha 11are ¢ MOCTOSIHHBIM YCKOPEHHUEM, YTO MPEIoaraeT CieIyole BbIpaKeHus AJis
NIEPEMEILEHUI U CKOPOCTEN B MOMEHT BPEMEHH + T

(0} =i} + (O} + 10} 5

?Q}:_: =0} +{0} 7, 2.2)

TAC 7 - 1ar MHTETpUpOBaHHUsA 110 BpEMCHU.

Beipazus .. u {0} 4yepe3 napameTphl JBHKEHUS Ha NPEIbIAyLIEM Iare u
MOJICTaBUB MX B ypaBHEHHE JBMXKeHHs (2.1) momyuum JuHeiHoe anrebpandeckoe ypaBHEHUE

BUA
|"ﬁ‘[|.--:{g }-'-: = {F }.--:’

e
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Y3JI0BBIX YCHIIUH.

B wMmeroge mnpAMOYroibHHUKOB CO CIUIQXKHBAaHUEM TIOCIE BBIUMCICHHS BEKTOpa
{0}... OIIpeEIAETCS CIIIaKEHHOE 3HAaUEHUE {0} 1o bopmyne

o} =dok. +2leke+lo)

U TOBTOPHOE BBIYUCIICHUE {Q}m B COOTBETCTBHM C BbIpakeHHUeM 2.2. ¢

HCTIONB30BAHIEM CIIKEHHOTO 3HaueHus 19 .

OnucaHHbIE METOJ HMMEET JIBa Ba)KHBIX CBOWCTBA - OE€3YyCIIOBHYIO YCTOMYMBOCTb U
cxeMHoe jaemiipupoBaHue. Bropoe sBiseTcs cleICTBHEM IEPBOIO M XapaKTepHO AJIs BCeX
0€3yCII0BHO YCTOMUMBBIX METOJ0B. be3ycnoBHas yCTOMUMBOCTh (HE3aBUCUMOCTh YCTOMYHUBOCTH
BBIYUCIICHUH OT 11ara MHTErPUPOBAHMS [10 BPEMEHH) SIBJISIETCS MOJI0KUTEIBHBIM CBOMCTBOM, TaK
KaK I103BOJISIET BBIOMPATh KOHEYHO-3JIEMEHTHBIE HE3aBUCHUMO, YUHUTHIBAs TOJIBKO I€OMETPHIO
o0bekTa. CxemHoe JnemndupoBaHHE — OTPULIATENILHOE CBOWCTBO, HpOSBIIAIOLICECS B
MOJIaBJICHUU NapaMeTpPOB JBM)KEHHS BO BPEMEHHU. DTO TpeOyeT BbIOOpa MEHBIIEro Iara Io
BpeMeHHU Ul ofOecrieueHust TpeOyeMold TOYHOCTH PELIeHMs, YeM JJIS YCJIOBHO YCTOWYMBBIX
MeTonoB. Jlig wuocTpanuMu  3TOro  CBOMCTBA Ha puc.2.2.1 mpencTaBieHbl TrpapuKu
NEPEMELICHUIM JMHEMHOIO OCLMIUIATOpA NPU 33JaHHOM HAYaJIbHOM CKOPOCTH, IIOJY4YECHHBIE
nyTéM HHTETPUPOBAHUS YPABHEHMS JIBUKEHHUS 110 BPEMEHHU NPU PA3JIUYHBIX COOTHOIICHUSAX
miara Mo BPEeMEHU 7 U NepuoAa coOCTBeHHbIX KojeOanuil 7. M3 mpencTaBieHHBIX JaHHBIX
BUJIHO, YTO BEJIMYHMHA CXEMHOTO AEMI(PUPOBAHUS YMEHBIIAETCS C YMEHBIIEHUEM COOTHOILIEHUS
7z / T. Ilpuemnemas TouHocTh nocturaercs npu #/7<0,01, B To BpeMs, Kak s YCIOBHO
yCTOMUMBOrO MeTo/a BuibcoHa, a Takke SIBHBIX METO/0B 3TO COOTHOLIEHHE MOXET ObITh He
6omee 0,1. OmHako, s YCIIOBHO YCTOWYMBOTO METO/Ia B KadecTBe 7 BHICTYIA€T MUHUMAJIbHBIN
nepuoJi COOCTBEHHBIX KoJeOaHMH CHUCTeMbI, a s Oe3yCIOBHO YCTOMYMBBIX — MHTEpBal
paccmarpuBaeMoro rmnpoiecca. OueBHJIHO, YTO W3 YCIOBHO YCTOMYMBBIX METOJIOB C TOYKH
3peHust 3()(PEeKTUBHOCTHM BBIYUCICHWH IpeanoyTUTeNbHEee sBHblE MeToabl. [losTomy B
IporpaMMe peaju30BaH HESBHBIH METOJ 10 CXEME MpPSIMOYTOJIbHUKOB C aKTHBHBIM
CriIa)kKMBaHHWEM, U SIBHBIM MeTo Bunbcona.

B mporpammMe peanu3oBaHbl 1Ba BapHaHTa PELIEHUS 3a7aud AMHAMUKH - Ul CIy4acB
MaJIbIX ¥ OOJIBIIUX MEpEeMEIeHHH.

Pemenue 3a1auu npu JOMYIIEHUH O MaJIbIX NIEPEMEILEHUAX MPEANoaraeT, 4YTo XapakTep
MepeMenIeHU y3J0B MOAeNHU Mo3BoJisieT cuutath Matpuisl [M], [C]l u [K] , Bxomsmme B (2.1)
MOCTOSTHHBIMU, HE 3aBUCSILUMHU OT MepeMEIIeHU. DTO UMEET MECTO B cily4yae, Korja CTpyKTypa
MOJIEJIM Ha paccMaTpUBAEMOM HMHTEpBaj€ BPEMEHU HEU3MEHHA U YIVIOBBIMM IEPEMELIEHUSIMU
AJIEMEHTOB (IIOBOPOTAaMH) OTHOCUTENBHO OCEil TIJI00aTbHOM CHCTEMBl KOOPIMHAT MOYKHO
npeHebpeus.  TpeGoBaHMe  HEM3MEHHOCTH CTPYKTYpbl MOJEIM TakKe MCKIIOYaeT U3
pPaccMOTpEHMsI Clydyal HM3MEHEHUS CTPYKTYphl TPAHUYHBIX YCJIOBUH (T.€. BO3HUKHOBEHHS
ONOPHBIX pPEaKUU MpPU ONPENEICHHBIX 3HAUEHUAX NEPEMEIIEHUIN Y3JI0B U T.A.). Briienenue
3a/1ayu B JAaHHOM MTOCTaHOBKE M3 OOIIETO Cirydasi 00ycIoBIeHO 00Jiee BHICOKOMH, IO CPABHEHUIO C
o0muM ciyyaeM, 3(h(eKTUBHOCTBIO BeIuMcIeHui - Marpuusl [M], [Cl u [K] dopmupyorcs
TOJIbKO OJIMH pa3, W NMPHUBEACHHE MaTPHIIbl JIEBOM YacTH ypaBHEHUS, PELIAeMOro Ha KaXI0M
1iare HMHTETPUPOBAHMSI, K TPEYroJbHOMY BHUAY TAaK)XKE BBINOJIHAETCS TOJBKO OJUH pas.
Bbruncnenust B nporecce MHTETPUPOBAHUS CBOASTCS TOJIBKO K (DOPMHUPOBAHMIO MPABOW YaCTH
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CUCTEMbl M BBIYUCJICHHUIO BEKTOpa MEPEMEIICHUN, COOTBETCTBYIOLIETO pPacCMaTpUBAEMOMY
MOMEHTY BPEMEHHU.
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Puc. 2.2.1. Ilepemenienns TMHENHOTO OCLMIUISATOPA BO BPEMEHH TP Pa3JINYHbIX
COOTHOILIEHUSX Il1ara UHTETPUPOBAHUS 7 U IIepuojia COOCTBEHHBIX KoslebaHuil ocipuisitopa 7.

Pemenne 3amaun mpu JOMYIIEHUH O MaJbIX MEPEMEIICHUSIX HAKJIAbIBAET CIICTYIOIINE
OTpaHUYEHUS HA MOJIEIIb:

-CTPYKTypa MOJIEIN Ha paCCMaTPUBAEMOM MHTEPBaJie BPEMEHU HE U3MEHSIETCS,

-yIJIOBble TEpEeMEIEHUs] JJIEMEHTOB OTHOCHUTENIBHO oOceil TIJ100anbHOM CUCTEMBI
KOOpJIUHAT MPeHeOPEKUMO MaJlbl 10 CPABHEHUIO C UX pa3MepaMu;

-CTPYKTypa KHUHCMATUUYCCKHUX TPaHUYHBIX YCJ'IOBI/If/'I Ha pacCMaTpuBaACMOM HUHTCPBAJIC
BPEMCHHU HC U3MCHACTCA.



26

TpeboBaHHe MOCTOSHCTBA CTPYKTYpPhl aBTOMATHYECKH HCKIIOYACT M3 PACCMOTPEHUS
9JIEMEHTHI, €€ M3MEHsIoNIne (HEeyAEepKUBAIOIINE CBSI3U, KOHTAKTHBIE TOUYKU M TOBEPXHOCTH U
Ap.).

[Tocneanee TpeGoBaHue MpeanoaaraeT BO3MOKHOCTD 3aJjaHus Ul MOJIEIH 3aKpeIlIeHU
U KUHEMAaTUYECKUX BO3MYILEHUM, IJII KOTOPBIX MOXET U3MEHATHCS TOJIBKO UX 3HAYEHUE BO
BPEMEHH, T.€. MOJHOCTHIO OCBOOOAUTH y3€l, /Ui KOTOPOro OHO 33aJaHO, B MPOLECCEe PELICHUS
HENb3sl (BUpTyaJbHbIC TPAHWUYHBIC YCIOBUSI OYAyT 3a/laBaTbCcsi B COOTBETCTBHUHU C HCXOIHBIM
MOJIO’KEHUEM Y3JIOB).

HecmoTpsi Ha 3HauMTeNnbHbIE OrpPAHUYEHMS, JAHHBIE 3a/Jaud JOCTATOYHO IIHMPOKO
pacnpocTpaHeHbl (3a7aud O pPACIpPOCTPaHEHHH BOJHBI JAedopmanuii B KOHCTPYKUUH HpU
MMITYJIbCHBIX Harpy3kax, pacieT CeMCMHYECKOT0 BO3JCHCTBUS U JIP.).

B cnyuyae Oonpmmx mnepeMenieHuid Bce MaTpuilbl, BXojsame B (2.1)  cuuTaroTcs
3aBHUCSALIMMHU OT 3JIEMEHTOB BEKTOpa nepemereHunit {Q}, T.e. OT NOJO0KEHUS IIEMEHTOB, T.€., ,

[ar]=[aed], [c]l=[cdekio})], [k]=[kdop] » {F}={F({o}io}t..)}

®opmupoBanue cuctembl (2.1) U BBOJ KMHEMAaTHYECKMX TPAHUYHBIX YCIOBHH B 3TOM
ClIy4yae BBITIOJIHSIOTCA Ha KaXJAOM Iare WHTETPUPOBAHUSA.  YCUIUS W KHUHEMaTHYECKHE
TrpaHUYHbIC YCIOBHS TaKKe MOT'YT 3aBHCETh OT JIEMEHTOB BEKTOpa nepemenieHuii. Kpome Toro,
Ha KaXJOM IIare pelIeHHEe MOKET YTOUYHATHCS HWTEpPAlMOHHBIM IyTeM. lcnosib3oBaHue
UTEpaldid 1IeIecoO00pa3HO TpU aHAIM3€ CUCTEM C M3MEHSIOUIEHCS CTPYKTYpOH, T.e.
BKJIIOYAIONTUX B C€€0s HEYICP)KUBAIOLIUME CBS3M, KOHTAKTHBIE TOYKH U TOBEPXHOCTH,
BUPTYaJIbHbIC TPAHUYHBIE YCIOBUS.

2.2.3. PacyeT yactoT U chopM COGCTBEHHbIX KOonebGaHnn

Pacuer uwactoT M QopM COOCTBEHHBIX KOJICOAHUN CBOJAIIMECS K PEHICHUIO TOJIHOMN
npo0sieMbl COOCTBEHHBIX 3HAUEHUH, T.€. OTHICKAHUS 3HAYEHUI COOCTBEHHBIX YaCTOTBI W U
BekTopa O; , YAOBJIECTBOPSIOIINX YPAaBHEHHUIO

(x]-wi[MmDio.} =0, e i=1.2.3,..n; (2.3)

n - YHACIO COOCTBEHHBIX YACTOT MOJEIH, KOTOpHle, HA4YWHAsi C MHHUMAJbHOH,
HE00XO0/IUMO OTIPENIEIUTh.

3ajaua penraeTcss METOIOM UTEpalliii B TOANIpocTpancTBe /1/. 3HaueHue n yKa3bIBaeTCs
B UCXOJHBIX JIAHHBIX.

Jlnst pacy€ToB KoOJIEOAHUM TPU HE3AKPEIUIEHHOM MOJIENIH, a TaKXKe ISl ONpeeIICHUs
9acTOT ¥ (hOpM HauMHAas ¢ Kakoi 100 GUKCUPOBAHHON YaCTOTHI MPEAYCMOTPEHA BO3MOKHOCTh
CABUI'a 4aCTOT HA 3aaHHYIO BCIIMYUHY. B sTom ciIydyac CBsA3b COOCTBEHHBIX YaCTOT U YaCTOTHI
CIBUTA OTPECISETCS BRIPAKECHUEM

7 7

.
Wo =W, +W,,

[I0/ICTAHOBKA KOTOPOTo B ypaBHEeHHUE (1) mpuBEAET K ypaBHEHUIO BUAA

(]~ w2l [pabig)=0

2
N3 mocnemHero ypaBHEHHS HaxOHATCS CABHHYTBIE COOCTBEHHBIE 3HA4YCHHS W,., MO
KOTOPBIM OTBICKUBAIOTCSI ICKOMBIE COOCTBEHHBIE YaCTOTHI.

Bemmumnaa Wy 3amaércs B HCXOOHBIX JaHHBIX.
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[Ipu pacuére CBOOOAHBIX OT 3aKPEIUICHUH KOHCTPYKIMM HCIONb30BaHUE CABHIa
M103BOJISIET C(HOPMUPOBATH OOBIYHO MOJIOKHUTEIBHO ONPEIEIEHHYIO MAaTPUILY BUJIA

K], =[&]-w[p]

D10 obecneynBaeT YCTOWYMBOCTD BBIYUCICHHH Ha ATale BBIYMCICHHS MPHOIMKCHUM
COOCTBEHHBIX BEKTOPOB.

2.2.4. PacuyeT aMnnuTyA BbIHYXXAEHHbIX KonebaHuun

Bo3mosxHbI 1Ba crioco6a orpeneseH s aMILTUTY/] TapaMeTpoB IPoIecca BBIHYKICHHBIX
KoJ1e0aHui:

e MpsIMOE UHTErPUPOBAHUE ypaBHEHUH ABIKeHus (2.1) mpu 3a1aHHOM
rapMOHMYECKOM 3aKOHE M3MEHEHHS Harpy3KH BO BPEMEHH C MOCIEAYIOLUM
AQHAJIN30M PE3YJIbTaTOB;

® JTMHEHHO-CHEKTPATIbHBIM METOJIOM, IPU KOTOPOM B Hadajie BBIYUCIISIOTCS
4acTOTHI U GOPMBI COOCTBEHHBIX KOJI€OaHUN MOJIENHU, 3aTEM OIPEAEISIOTCS
aMIUTUTY/BI BBIHYXICHHBIX KOJIeOaHMI 10 KaXKaoi Gpopme Konebanuii ¢
MOCIEAYIOIUM CYMMHUPOBAHUEM PE3YIbTaTOB.

[TepBeiii cmoco® paccMoTpeH B pasgene  2.2.2 . 31ech pacCMOTPEH alIrOPUTM
OTpesieNieHUs] apaMeTPOB IMPOLIECCOB YCTAHOBHUBIIMXCS BBIHYXJICHHBIX KOJeOaHUN JIMHEWHO
CHEKTPAJIbHBIM METOJIOM.

TeopeTrueckue BOMPOCH pacuéra nmapaMeTpoB BBIHYKICHHBIX KOJeOaHUN pacCMOTPEHbI
B/1,26 wu ap./.

B nuHelHO creKTpanibHOM METO/E MOJIaraercs, 4To KojeOaHus MOJETH MPOUCXOIST B
COOTBETCTBHUH C (hOpMaMH COOCTBEHHBIX KOJICOAHUH, T.€. PEIICHNUE UIETCS B BHJIC KOMOWHAITUN
BEKTOPOB aMIUIUTY/[] KoJeOaHuil 1o cOOCTBEHHBIM (popMam.

[Tonaraercs 4yTo KoneOaHUsl pacCMaTPUBAEMOM CUCTEMBI MO/ IEHCTBUEM BO3MYIIAIOIINX
CHJI, U3MEHSIOIUXCA 10 TapMOHMYECKOMY 3aKOHY, IMPOHMCXOJSAT B COOTBETCTBUHM C (OpMaMu
COOCTBEHHBIX KOJIeOaHUil, T.€. pelIeHre UILETCs B BUJE KOMOMHALIMU BEKTOPOB KOJEOAHUH IO
coO0cTBeHHBIM (popmam. B stom ciywae pacuér mpenmnosnaraer ompezeneHHe 4acToT U (opMm
COOCTBEHHBIX KOJIEOaHHH ¢ TOCIEAYIOUIUM pElIeHUEM YPaBHEHUH

my +cq, +kg,= f sin @ .t

rac
_ L. . ,
ql - IEPEMCIICHUC 110 1 —U COOCTBEHHOI 4acTOTE i

2

T
m.={0.} [m Jo.} . .
R - MPUBEJICHHAS K [ —i COOCTBEHHOW YacTOTE Macca,

{Ql} - COOCTBEHHBIN BEKTOP, COOTBETCTBYIOIIUIA YacCTOTE @,

2

€= {Q"}T [C ]{Q’} - K03 dunmeHt, nemMnupoBaHus,
k.= 'i':Qr'}1r [K]{Q,.}
fi=0:) .}

TrapMOHMYECKOMY 3aKOHY C YaCTOTON @
Martpuia nemn@upoBaHusi OnpeAesseTcs BhpakeHueM

[Cl=alpM]+ A&}

- K03 HUIHEHT KECTKOCTH,

-aMIIUTyaa BOBMYLI_[aIOH_[Cﬁ CHIJIBI, U3MEHSIOMIEHCS 110
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Koapduuuents! nemndupoBanus o u f, 0000MEHHO XapaKTEpU3YIOT BHEIIHUE U
BHYTPEHHHUE ITIOTEPH YHEPTHH COOTBETCTBEHHO. B o0miem ciyuae koadduuuentsl @ u f Moryt
OBITH TpEACTaBICHB B BUAE (QYHKIMHA YacTOTHI BO3MYINAIOMIEH CHJIBI U ONPEACISIOTCS
BBIPKEHUSIMH

a=w+ a o+ a@&

B =pH+ fo+ B .
Koapduuuentsr o u i (i=0, 1, 2) 3a1a10TCs B UCXOAHBIX JAHHBIX.
AwmruTyna kojaebaHuii 1o i-ii cOOCTBEHHOM (hopMe OTpeeIIeTCsl BEIpaKeHHEM/

L f
2 2

3 L N e 2

m; @y —e |+
m;

I
2.4)

Toraa, BeKTOp aMIUIUTY/] KOJeOaHUN CUCTEMBI 1O i-if COOCTBEHHON (opMe OMpPeeIUTCs

BBIPAKEHHUEM
lor}=4lo).

Bextop ammutyn konebaHuii SIBIS€TCA OAHMM W3 BHUIOB pEAKIHMU CHUCTEMBbI Ha
Bo3MmyleHue. [lo 3TUM BEKTOpaM MOXKHO ONPEACNIUT AMIUIUTYAbl HAMPSIKEHUM, peakiuu B
3aKpEIJICHUX, COOTBETCTBYIOIINE COOCTBEHHBIM YaCTOTAM.

[TonHoe pemieHue uIIETCS B BUAE KOMOMHAIIMU DPEAKIUNA CHUCTEMBI MO COOCTBEHHBIM
dbopmam. 31eCh BOBMOXKHEI JIBa BApHAHTA:

1. JluneliHoe CyMMHpOBaHHE, MPU KOTOPOM 3HAYEHHUS DJIEMEHTOB BEKTOPOB
peaxkuuii CUCTEMbl CYMMUPYIOTCS 1O MOAYJIIO, T.€.

‘Rz‘: Z{ ‘Rr‘

2. KBagparnuHoe CyMMHMpOBaHHE, KOIZJa CyMMapHas pEaklus  CHCTEMBI
ONpENENsAeTC KaK KOPEHb KBAAPAaTHBIM M3 CyMMBbI KBAJpPaTOB PEAKLIUN IIO
COOCTBEHHBIM YaCTOTaM, T.€.

3nech

R, =0Q,.0,,.1.

O, - >neMeHT BEKTOpa AaMIUIUTY[bl BBIHYKJIEHHBIX KojeOaHuii 1o i — # dopme
KoJIeOaHMH,

o; - aMIIIMNTyda HaprI)KeHI/IfI BBIYHUCJICHHAA IO BCKTOPY aMINUIMTYAblI BBIHYXIACHHBIX
KosiebaHui no i — i popme KosedaHmii,

7; - BEKTOp pEaKkIuil B 3aKPEIUICHHSX, OMPEACICHHBIA MO BEKTOPY aMILTUTYIBI
BBIHY)KJICHHBIX KoJIeOaHu# 1o i — i popme xonedanuii,

n - 4ucio GopM COOCTBEHHBIX KOJIEOaHHM, UCTIONb3YEMBIX MPU aHAIIN3E.

Takum 00pazom, MpU BEIYUCICHUH PEaKIMil CHCTEMBbl Ha BO3MYIIAIOIIYIO CHIIy B Hadaie
BBIYHUCIISIIOTCS] YaCTOTHI H JOPMBI COOCTBEHHBIX KOJICOAHUH MOJIENH, ONPEIEIISIOTCS aMILTUTYIbI
BBIHY)KJICHHBIX KOJIEOaHUH, 3aT€M OIpENeNsIeTcsl BEKTOpP BBIHYKACHHBIX KOJeOaHUU B BHUE
CYMMBI BEKTOPOB Kosie0aHH 10 COOCTBEHHBIM (hopMaMm.
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Jisi IUMHEHHO CHEKTPAJIBHOIO METOAA MPEeAyCMOTPEH AJITOPUTM BBIYMCIICHUH IIpU
[IOIIarOBOM HM3MEHEHUHM 4YacTOThl B 3aJlaHHOM HMHTEPBAJIC U BBIBOJ PE3YJIbTAaTOB AMILIUTY,
CKOPOCTEH U YCKOPEHUI BUOpALIHil B 3aBUCUMOCTH OT YaCTOThI BO3MYILICHHUS.

I'panunel uHTEpBama M IIar M3MEHEHUs YacTOThl IIPU BBIYHCICHMSX 3aJalOTCs B
UCXOJHBIX JaHHBIX. Yucimo (opM cOOCTBEHHBIX KOJICOaHWHM, HCHOJB3YEMBIX INPH aHAIH3E,
OIpeNIeNIAeTCS. B COOTBETCTBUM C  TpeOyeMOH TOUYHOCTbIO BBIYMCICHMH. 3Has TpeOyemyro

TOYHOCTH O MOKHO ONPENEIMTh BKIAJ AMIUIMTYIbl MAKCUMAIbHOW 4YacTOTHI CIEAYIOIIUM
obpazom

rmue
Amax aMILTUTY1a KoJieOaHUH MaKCUMaJIbHOM 4acTOTe.

Ao aMIUINTYy1a KojieOaHu Ha pe30HAaHCHOM 4acToTe, T.€. IPU

. =
i I,
Torna 4, = i .
CJ' e ;
A= /i
max \ 2 2
2 2 Cmax Pnax .
M ax (mma.x —mf}+ 7
Minay

ITopcTanoBka BBIpa)KeHI/Iﬁ JJIS AO n Amax B BBIPAXXCHHUC IJIA INOI'PCIIHOCTH ITO3BOJIUT
nepenrucartb HCPABCHCTBO B BUC

(.22

C P

FYr 22 2
Cr@7 | +@F

max 5]

C JOCTaTOYHOM IS MPAKTUYCCKUX paCLIéTOB TOYHOCTBIO MOXXHO IIOJIB30BAaThCA
BBIPAXKCHUCM
ﬁjmax =—m 7
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2.2.5. OnpegeneHne cornacoBaHHbIX Ha4YanbHbIX NepemMeLeHnn

Heo6xoauMocTh onpeziesieHus COrflaCOBaHHBIX HAYaJIbHBIX MEPEMEIIeHUIl BO3HUKAET B
CUTyalUsX, KOIZJa B HAYaJbHbII MOMEHT MOJENb WCIHBITBIBAJIA CTAaTUYECKYI0 Harpysky
(Hampumep, 3/1aHue MIepe]] BO3ACHCTBHEM CEHCMUYECKOM HAarpy3KH MCIIBITHIBAET BO3CIHCTBHE
CHJIBl TSDKECTH) M TpeOyeTcs ONpeneluTbh CyMMapHOE BO3JEHCTBME HArpy3oK WM HMETh
NIEPEMEILICHMS, BBI3BAHHBIC JCHCTBUEM CTaTUYECKOM HATPY3KH, B KAUECTBE HAYAJIbHBIX YCIOBUHI
IPY YUCIIEHHOM MHTETpUPOBaHUM ypaBHEeHUs (2.1.). 3agaua cBOAMTCS K PELICHUIO ypaBHEHUs

1K, [0, } = {F,}. (2.5)

ra€ B Ka4Y€CTBE KHUHEMATHYCCKHUX TI'PAaHHUYHBIX YCJ'IOBI/II\/'I, HapsAagy C€ 3aJdaBacMbIMH
NEpEeMCIICHUSAMMU, UCITOJIB3YIOTCA HAYAJIbHBIC IICPECMCIICHUA.

2.2.6. OnpegeneHue cornacoBaHHbIX Ha4YasbHbIX CKOPOCTEWN

CornacoBaHHblE HauyaJbHbIE CKOPOCTH TpeOyeTcsi OINpeAeNuTh B Ciydasx, Korjaa
M3BECTHBI HauaIbHBIE CKOPOCTH TOJIBKO HEKOTOPBIX Y3JIOB, U TPEOYETCsl ONPEAETUTh CKOPOCTU
OCTaJIbHBIX TOYEK W3 YCJIOBHS IEpPEMELIEHUs MOJENU (WM €€ YacTH) KaK TBEpAOro Tena
(cucTeMBbl TBEPBIX TEN), UM B COOTBETCTBUU CO CTaTUuecKuMu fedopMmanusamu. [Ipocreiinmm
IPUMEPOM JTOH CHUTyallMM MOXKET CIYKUTh JleTalb, B HayaJbHbIH MOMEHT COBEPILAIOLIAS
BpalllaTelIbHOE [BMKEHHUE KaK TBEPAOE TEIO BOKPYT OCH M TpPEICTaBICHHAas OOJbIIUM
KOJIMYECTBOM 3JIEMEHTOB U y3510B. HauanbHble CKOPOCTH HEOOXOAMMO BBIYUCIUTH U 331aTh BO
BCEX y3J1ax, YTO MpEeJCTaBisieTca 3ajgadel TpyaoeMkoi. MMeromuiics B MporpaMMe aJropuTM
MIO3BOJISIET ONPEAEIUTh CKOPOCTH BCEX Y3JIOB IO CKOPOCTSAM OTJIENbHBIX TOUEK. 3a/1a4a CBOJUTCS

K pemeHHIO ypaBHeHI/IH
K]0, f=0 ’ (2.6)

B KOTOPOM B Ka4YC€CTBC KMHCMATHYCCKUX TI'PaHUYHBIX YCJ'IOBI/II\/JI BBICTYIAIOT 3aKPCIIIICHUA
MOJIeTIN U 33JJaHHbIe HaualbHbIE CKOPOCTH COOTBETCTBYIOIINE UCXOAHOMY IMOJIOKEHUIO MOJEIN
(momenty Bpemenu ¢t = (). bosee noapoOHO 3Ta 3a1aua paccmorpena B /21/ .
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2.2.7. PacyeT nepemMeLleHMA U Hanps>XKeHUA Npu OAEeNCTBMU CEMCMUYECKUX
Harpys3okK

B nporpamMmme BO3MOKHO OIpEAEICHUE IMEPEeMEIICHU W HAmpsHKEHUM OT JeHCTBUSA
CeMiCMUYECKUX HArpy30K JBYMs CIIOCOOAMH: JTUHAMUYECKUM U IMHEHHO-CIIEKTPAIHHBIM.

Pemenne 3agaun TMHaMUYECKUM METOJOM CBOJUTCS K PELICHUIO pacdyéra mapameTpoB
JUHAMHYECKOIO IEPEXOAHOI0 Ipoliecca U MOCIEAYIOIIEMY WX aHalau3y. EQUHCTBEHHBIM
OTJINYUEM 3/I€CH ABIISIETCS HAIMUME CEHCMUYECKUX BO3/IEUCTBUI B KAUECTBE HArPy3KHU.

Pemenne 3agaun TMHEHHO-CIIEKTPAIbHBIM, WM HOPMAaTUBHBIM, METOOM IIPEIIOaract
MOMCK pElIeHUs B BHJIE KOMOMHAIMHM MEpEeMEeNIeHUI, BbI3BAHHBIX CEHCMUYECKONW HArpy3Koil u
COOTBETCTBYIOIIUX (opMaM COOCTBEHHBIX KOJICOAHMI MCCIIEITyeMON CHUCTeMBI. Takod TOoIXo]
MPEANOJIAraeT BbIIOJHEHUE CIEAYIOIUX 3TAMNOB:

-OmpeAeTIeHHEe YacTOT U (pOpM COOCTBEHHBIX KOJIEOAHUI CUCTEMBI,

-OIpECIICHHE BEKTOPOB AMIUIUTYIHBIX IEPEMELIEHUN CHUCTEMBI, COOTBETCTBYIOLIUX
(bopmaM cOOCTBEHHBIX KOJIeOaHUH (MOTAIbHBIX OTKIMKOB);

-OMpe/Ie]ICHNe CYMMAapHbIX OTKIUKOB (IIEpEeMEUICHHM, HamnpshKeHuid, nedopMaiui,
peaKkiuil B 3aKPEIUICHUSX ) B BUJE KOMOMHAIIMY MOJAIBHBIX OTKIIMKOB CUCTEMBI.

Onpefenenue MOAATbHBIX OTKIMKOB CHCTEMBI Mo nepemerenuam R Y}, unu Bextopos
aAMIUTUTY/AHBIX TEpEMENIeHHI M0 COOTBETCTBYIOIIUM (opMaM cOOCTBeHHBIX Kosebanuit {Q;},
BBIIIOJIHSIETCS] B COOTBETCTBUU C BBIPAXKEHUSAMHU

{R__E?}}Z‘df{??r'},
I'ne
1
{??:'} - {Q }r {Q} {Q} -HOPMUPOBAHHBIN COOCTBEHHBIN BEKTOP;
4 1 ¥ :F_.;s;.} -aMIUIUTYJHOE IE€PEMEIIEHUe 10 0000mEHHOM
I s ' KOOpJMHATE, COOTBETCTByIOHmIEH [ — W Qopme

[

COOCTBEHHBIX KOJICOAHUI CUCTEMBI,

Ty vy v
{F :{_' ¥ = |.-’|.f |{?j’i } ;i_:,| -BEKTOpP VY3JOBBIX YCHUJIMM OT CEMCMHUYECKOTO
BO3/ICHCTBUS,
|A0| - KBasuJguaroHajlbHagd MaTpula, AWaroHajJbHBIC J3JICMCHTBI KOTOpOfI,

COOTBETCTBYIOIIME Y3JIOBHIM TMEpPEMEIICHUSM B HaIMpaBICHUU OCEH TJI0OATIbHOM CHCTEMBI
KOOPZMHAT OINPEIEISIOTCS BBIPAXKEHUEM

Apy, = A8, ('5'}:' )
T'ne ’

s =X, y, z, -HaIpaBJICHUE Y3JIOBOI'O MEPEMELIEHHUS], COOTBETCTBYIOIIEE i — MY DJIEMEHTY BEKTOpA
MEePEMEIICHUN CUCTEMBI ;

A -3aJlaHHasl aMIUIATYJa YCKOPEHUM OT CEMCMHUYECKOT0 BO3JICUCTBUS B HANIPABJICHUH S
r7100aJbHOM CHCTEMBI KOOP/IMHAT;
S(w) -3aJaHHBIA CIEKTP OTKJIUKA; )
B pesynbrare BBIYMCICHHI ONPENEISIOTCS BEKTOPBI J[Ri.f” Jl , IO KOTOpBIM Jaiee

BBIUUCIIIOTCS HEOOXOAMMBIE Uil aHalu3a KOMIIOHEHTHl OTKJIMKA CHUCTEMbl, a WMEHHO
HaNpsHKEHUs, CUIIOBbIE (DaKTOPbI, peaKIIUU B 3aKPETIICHUSX.
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ObecnieueHa BO3MOXKHOCTh IPOCMOTpa Kak R; - KOMIIOHEHTOB OTKJIMKAa CHCTEMBI,
COOTBETCTBYIOLIUX COOCTBEHHBIM BEKTOpaM {R (?3 ,TaK U CYMMapHOI0 OTKJIMKA,
OIPEEIIAEMOr0 KaKk KOPEHb KBAJAPAaTHBIM U3 CyMMbI KBaJIpaTOB COCTaBIISAIOLINX

IZIe 1 - YUCJIO YYUThIBAEMbIX (OpM KoJeOaHMii;

R; - KOMIIOHEHT OTKJIMKA CHCTEMBI 110 i - My TOHY COOCTBEHHBIX KoJieOaHMii. 371ech B
KadyecTBe R; MOT'yT BBICTYNATh IIEPEMELLICHHS, HAIPSKEHUs, CUIOBBIE (PaKTOPbI, pEAKIMH B
3aKpeTICHUSX.

Jlis BBINOJHEHMs JAHHOTO BUAA aHalW3a HEOOXOJUMMO IOMHMO OIMCAHUS MOJENIU
3a/1aTh OIIMCAHUE CEHCMUYECKOr0 BO3JCHCTBHUA B BUJIEC AMIUIMTYAHBIX 3HAYEHUN YCKOPEHHUU B
HAIpaBJIEHUU Oceil robanpHOM cuctema koopauHart (Ax, A, u A:) U COOTBETCTBYIOLIUE UM
CHEKTPBI OTKIIMKA, SIBIISIOLIHECS QYHKIUAMU YacTOTHI KOJIeOAHU 1 psa mapaMeTpoB.

Hmeercss BO3MOXHOCTb 3a/1aHUSI CTaHIAPTHBIX CHEKTPOB, OOBIYHO MCIOIb3YEMBIX HpPHU
pacuérax no CHull, u TabnuyHoro 3as1anus CueKTpoB.

B cootBerctBun co CHull II-7-8lomnpenenenue y3ia0BbIX NEPEMEIIEHUN W3 PEIICHHS
ypaBHEHHUA 2.2, B KOTOPOM B KaueCTBE BEKTOpa Harpy30K BbICTYNAIOT CEHCMUYECKHE Harpy3Ku
Fi, onpenensiembie B coorBercTBUM co CHuUlI II-7-81 BhIpaxkenuem:

Fi = KiK>Foi ,

rue

Fi - BekTop pacyéTHON CEMCMUYECKOM HArpy3Ku, COOTBETCTBYIOIIUA I - My TOHY
COOCTBEHHBIX Konebanuid, K; - k0o3(puuueHT, yIUTHIBAIOIIUI JOITyCKaeMble MOBPEXKACHUS
3/1aHUM U COOPYKEHUH,

K> - K03hOUIMEHT, yYUTHIBAIOIINUN KOHCTPYKTHUBHBIE PEIIEHUS 3aHUN U COOPYKEHUI,

Foo = QA pi Kpni - BeKTOp ceiCMUYECKON Harpy3ku JUis i - TO TOHA COOCTBEHHBIX
KoJeOaHUN 3/aHusl WM  COOPYXKEHHUS, OTpe/ENsieMbld B MPENANOJIOKEHUH YIPYroro
ne(OpMHUPOBaHUS KOHCTPYKIIMM B COOTBETCTBUHM C (hopMOH KojeOaHUHl, COOTBETCTBYIOIIEH
paccMaTpuBaeMoMy TOHY;

(Q - BEKTOp 3HAYECHMUI BECOBOM Harpy3KH, IPUBEAECHHOM K Y3JIOBBIM TOUKAM;

A - xo3pdunuent, 3HaueHuss koroporo npuHumarotcs, 0.1, 0.2 u 0.4 cOOTBETCTBEHHO
pacuéTHoii celicMuYHOCTH 7, 8§ U 9 Oanos;

DG - KOO(QQUIMEHT JAUHAMUYHOCTH, ONPEIENIeMbIii B 3aBUCUMOCTH OT IEpHOJA
KOJIEOAHUH KOHCTPYKLIMHU U XapaKTepUCTUKU rpyHTa [ = 1/T; , HO He Gonee 3 aus rpyHTOB |
kareropuu, i = 1,1/T; , Ho He Oonee 2.7 nns rpyuros Il kareropun, wn g =1,5/T; , HO
He Oonee 2 qist rpyHToB 11l kaTeropuu, HO 114 Beex ciydaeB [ He meHee 0.8;

T: - mnepuon KojebaHHil MO i - My TOHY;

Ky - xo3dduiment, yduThIBaIOINI XapaKTEPUCTUKHN 3JaHUNA U COOPYKEHUH,

ni = X( Q°™X /XT QI X) - xodbdunuent , 3aBucAUMid oT (GopMbl Jepopmanuu
KOHCTPYKLUH.

Takum 00pa3oM, HpH HCIONb30BAHMM CTAHJAPTHOTO CIeKTpa (QyHKmus S, ()
OJIMHAKOBA JJISI BCEX HAIMPABIECHUN W OTIPEIETISETCS BRIPAKCHUEM

5 (@)= KKK, B

B ornuume ot 3amaBaemoro mo CHull kosddunmenta 4 B mporpamme 3amarorcs
BenU4uHbl Ax , Ay U A: - aMIUIMTYABl YCKOpeHUN B HampasieHnu oced OX, OY un OZ
COOTBETCTBEHHO. Tak Kak BecoBas Harpy3ka paBHAa IPOM3BEJIEHUI0 MAacChl Ha YCKOpPEHHUE
CBOOOJHOIO MaJICHUs g , TO CBSI3b MEXIy KodppuimeHtom A U yKa3aHHBIMH BEIUYMHAMU
OyZeT ONpeaeNsaThCs BBIPAKECHUEM
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As = gA .. THE S = X, V,Z .

T.e. nnsa pacu€tHoit ceficMuuHocTr 7, 8 u 9 6ayuoB kodpduimenTsel 4; OyIayT UMETh
3Hauenus 0.981 , 1.962 n 3.924 coorBercTBeHHO. Ilpu 3TOM, MX MOXHO IPUHMMATH
OTJIUYHBIMHU APYr OT JApyra MO BEJIWYUHE, YTO MO3BOJSET MOJEIMPOBATh PA3IUYHBIC CIy4au
HANPABJIEHHOCTH CEMCMUYECKOT0 BO3/ICHCTBHUS.

Tabmuupl 1 moApoOHBIE pEKOMEHIAUK 10 3a1aHuto kodddumuentoB K;, K>, Ky , a
Takxe TpeOyeMoro KoJU4ecTBa MpeABapUTEIbHBI BHIYMCICHHBIX 4acTOT U (OpM COOCTBEHHBIX
KOJ1e0aHUN KOHCTPYKLIMH, COOTBETCTBYIOIIMX KOHKPETHON pacu€éTHOM CUTyalluu IIPEICTaBIECHbI
B CHulI II-7-81.

Kpome 3amanus ceiicMuueckux Harpy3ok no CHUII, B mporpamme peanuszoBaHa
BO3MOXXHOCTh 3aJlaHMsI  CIIEKTPOB aMIUIUTYJl YCKOPEHHIl OCHOBaHHS B HaIlpaBJICHUU Oceil
r7100abHOM CHUCTEMBI KOOpPAMHAT B BHAe (QYHKIMHM OT 4acTOThl. B KkauecTBe aprymeHra
MIPUHUMAETCS KPyroBas dactorta (paja/c). B 3ToM ciiydae aMIIUTyAbl KOJICOAHHA OMPEACTISIOTCS
KaK Juis clydasi BBIHYXKJIEHHBIX KoJjeOaHui (cMm. 1m.2.2.4). YCKOpeHUs: OCHOBAaHMS 3aJlal0TCs
pa3fenbHO IO HANpaBICHUSAM OCEH TJI00aJbHOW CHCTEMBl KOODAMHAT B BHUAC TaOIUIl U
aMIUTUTYIHBIX Kod(duimentoB. 3HaueHue (YHKIUU Ui JF00OM TOYKM IOJy4aeTcss MyTEM
MPOU3BEACHUST AMIUIMUTYIHOTO Ko3(hduimenta Ha 3HaueHWe (GYHKUMU W3 Tabmuiel. Ecmm
Tabynlla 3HaYeHUN YCKOPEHHsI OCHOBAHHMS 3a7aHa TOJIbKO 10 ocu OX, a aMIUIMTYAHbIE 3HAYEHUS
YCKOPEHUH TO JAPYyrdM OCSM HE pPaBHBl HYIIO, TO TaOnuuHas QYHKIOHS MPUHAMACTCS
OJIMHAKOBOI1 110 BCEM HANPABJICHUSIM.

2.2.8. OnpegeneHne yCUNUM U HanNpsXkeHUM B NIeMeHTax

OCHOBHBIM pE3yNbTaTOM PEUICHUS PACCMOTPEHHBIX BBIIIE 3a7ad SIBIsSIETCS HaOOp
BEKTOPOB TEPEMEIIEHNN, COOTBETCTBYIONIUX BapHaHTaM HArpy>KEHHUs, Pa3IMYHbIM MOMEHTaM
BPEMEHH | T.J., U IPOrpaMMa 00ecriedrBaeT BRIYUCICHNE HAMTPSKEHUH, KO UIIMEHTOB 3amaca
U CUJIOBBIX (DaKTOPOB B DJIEMEHTAX BBITIOJHSETCS IJIsi JIIOOOTO M3 BEKTOPOB TEPEMEIICHUM,
MOJIYYEHHBIX MPU PEHICHUH NEPEUNCIECHHBIX BBIIE 3a1a4y. KOHKpETHBI BEKTOp, ISl KOTOPOIO
HEOOXOJMMO BBIYMCIUTh HANPSDKCHHS, YKA3bIBAETCS IOJIb30BaTElIeM. BBIBOJ HaIpsKEHUA
MOXKET BBIMIONHATHCA Kak B TrpaduvyeckoM, Tak H B TabmuyHoM Buue. Kpome Toro,
MpeAyCMOTpPEHa BO3MOXHOCTh BBIUMCIEHUS W BBIBOJA MAaKCUMAJIBHBIX M MHUHUMAaIbHBIX
3HAQUYEHUI HANpPSIKEHUW B JIEMEHTaX HAa MHTEPBaJe BPEMEHU WM 10 COBOKYITHOCTU BAPUAHTOB
CTATUYECKOTO HATrPY>KEHUsI, a TaKkKe IPaQUKOB U3MEHEHHS HANPSHKEHUN M YCHIIMKM B DJIEMEHTaxX
BO BPEMEHU, BBIYUCIIIEMBIX 1O TMHAMUYECKUM MEPEMEILICHUSIM.
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2.2.9. NepeHoc Tenna

2.2.9.1. Obuee ypaBHEHNE NpoLecca Tennonepenayn

Pemienue 3agau nepeHoca Teria mpeanojaraeT onpeaeieHrue napaMeTpoB TeIIOBbIX
MOJICH, KOTOpBIE, B OOIIEM CiTydae, ONMUCHIBAIOTCS YPAaBHEHHEM TEIUIONPOBOIHOCTH BUIA
= L = 4 -2 -
¢ T ¢ T ¢ T ¢T
—+K,—+K_ +U=c¢c,p—

K . —
cx” ey~ cz” ct 2.7)

xx

s
rie Ko, Kexu K- - K039pPUIIMEHTHI TETUIONPOBOIHOCTH B HampaBieHusix X, Y u Z;

T — TeMriepaTypa Tella B paCCMAaTPUBAEMOU TOUYKE;
U — UCTOYHUK TeIla BHYTpU Tea;
£ — IUIOTHOCTh MaTepuaia;
¢4 — ylIenbHas TeINIOEMKOCTh MaTepuasa.
[IpakTHyeckn BaXKHBIM YaCTHBIM CIIy4aeM YpaBHEHUs 2.7 ABIsETCS ypaBHEHUE
CTALIMOHAPHOI'O MPOLiecca TEILIONEpeIadH, A1l KOTOPOro NapaMeTpbl CUUTAKOTCS
HE3aBUCSIUMH OT BPEMEHH, T.€.

e°r o'T e'r
K_~ "~ +K_ +K_— - +U=0
ox” T ooy” cz” , (2.8)

B O6H_[eM CJIydac MOTr'yT UMETb MECTO I'PaHUYHBIC YCIIOBUA TIEPBOTO, BTOPOI'0 W TPETHETO
pona.

rpaHI/I"IHBIe yciioBusA I€pBOIro poJa NpeArojiarartoT U3BECTHLIC TCMIICPATYPhI TS Ha
HEKOTOPOM YaCTH T'PaHUIIBI pAaCCMATPUBAEMON 00J1aCTH, KOTOPBIE, B O0IIEM CTydae, SBIISTFOTCS
(GyHKIMEN KOOpIMHAT U U3MEHSIFOTCS] BO BpEMEHU
TG, t)=Ts .

['pannyHBIE YCIIOBHS BTOPOTO pOJIa MPEAIONAraoT 3a/1aHue MNIOTHOCTH TEIIIOBOTO
INOTOKa ¢ AJIsd Ka)KI[Oﬁ TOYKHU IMOBEPXHOCTHU TECJIA B (I)YHKHI/II/I BpPEMCHH, T.C

S
;"E fT = Q.r (I- 3 )
cHn

LI

['panryHBIE YCIOBUS TPETHETO PO/Ia MPEATIONATAIOT HAIWYHE TETNI00OMEHa Ha TPaHHIIe
obiactu, T.€.
(VI).+H(T.-T,)=0,
rne  H —koapunmeHT TeroodMeHa,
T — TeMneparypa OKpYKarollel Cpenbl,
T — TemmnepaTypa TOBEPXHOCTH TeJa,
[Tpu sTom Benmmuunbl H, T, U gs B 0OILIEM ciydae SIBISIOTCS QYHKUUSMHU KOOPJMHAT U
MOTYT U3MEHSTHCS BO BPEMEHHU.

2.2.9.2. Jlyyncteln TennoobmeH

OcoObIM  ciyyaeM TpaHMYHBIX YCJIOBMM SIBISIETCS M3JIY4YEHHE TEJIOM  TerJa
(pazuanoOHHBIN TEIUIO0OMEH). DTO sIBIIEHUE UMEET PsiJi OCOOEHHOCTEH, KOTOpble HEOOXOIMMO
pPaccMOTPETb.

B ogHOpOIHOM M U30TPONTHON cpese TyUYH paclpoCTPaHSIOTCS NPAMOIMHENHO. [JocTuras
MOBEPXHOCTU Cpebl, OHU YACTHUHO OTPAXarOTCs, YACTUYHO MPOHUKAIOT BO BTOPYIO Cpeny, T1e
YaCTUYHO IMOTJIOLIAIOTCS, YAaCTUYHO JKE€ IMPOXOAAT €€ HAaCKBO3b. Takum  oOpasom,
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paccMaTpuBaeTCsl YEThIPE OCHOBHBIX IIOTOKA YHEPTHH, XapaKTEpU3yeEMbIE IUIOTHOCTSAMHU MOTOKA
g (Bt/™m?):

- MAIAI0IIMI Ha IIOBEPXHOCTD Gy ;

- IPOILYILIEHHBIN TEJIOM (np ;

- OTPaKEHHBINA TEJIOM Gomp ;

- M3JIy4a€MbIH TEIOM Gus -

[Tagaromuii MOTOK CKJIAABIBAETCS U3 MTOTOKA, CO3aBAEMOI0 U3IYyYEHUEM APYTUX TN Gm
Y IIOTOKA U3JIy4YCHMsI BHEILHEN CPebl ¢, TEMIIepaTypa KOTopoi 7. u3BecTHa

gn = qm t+ qc .

CyMMa OTpak€HHOTO M U3Ty4aeMOro OTOKOB Ha3bIBaeTCs APPEKTUBHBIM IOTOKOM

4> = qus + Gomp.

OtpaxxeHue (IIpeIOMIIEHUE) HA3bIBAIOT MPABUJIBHBIM, €CJIM NaJAlOIMA M OTpaKEHHBINA
(npenoMIIEHHBIN) JIy4H JieXkaT B OJHOM IUIOCKOCTH C HOPMAJIbIO K IOBEPXHOCTH pazjiena JBYX
cped, a IOBEPXHOCTH, AAIOIIUE TaKoe OTpakeHUe (IpesOMJICHHE), Ha3bIBalOT a0COIIOTHO
poBHBIMU. OTpakeHue (TpeOMIICHUE) HA3BIBAIOT JAUPPY3HBIM, €CIH TaJalomue JTydH,
oTpaXkasich (MPEJOMIIAACH) PACUICIIISAIOTCS M MIYT BO BCEBO3MOXKHBIX HAIPABICHHSX; TaKoe
OTpakKeHUE JAl0T ILIEPOXOBATHIE TOBEPXHOCTH.

I'magxyro mMOBEpXHOCTB, MNOJHOCTBIO, OTPAKAIOLLYIO BCE MaJAIOLINE HA HEE JIy4H,
HAa3bIBAIOT 3€PKaJIbHOM.

[IlepoxoBaTyr0 NOBEPXHOCTH, IOJTHOCTHIO U PABHOMEPHO OTPAKAIOLLYIO BCE MaJaOLINe
Jy49H HA3bIBAIOT a0COIIOTHO OEIOii.

[IIepoxoBaryto, MOTHOCTBIO MTPOITYCKAIOUIYIO BCE MaJarolIve Ha He€ JIyuH, IOBEPXHOCTh
Ha3bIBAIOT A0COJIIOTHO YEPHOU, T a0COIIOTHO YEPHBIM TEIIOM.

Teno, NOAHOCTHIO MOIJIOLIAIOIIEE BCE MAAAIONIME HA HEro JIy4H, Ha3bIBalOT aOCOIOTHO
YEPHBIM.

CepbIM TEJIOM Ha3bIBAIOT TEJIO aHAJIOTMYHOE IO CBOMCTBAM abCOJIIOTHO YEPHOMY TEmy,
U3JyyaTesibHas ClOoCOOHOCTh KOTOPOTO MOHMKEHA MO CPABHEHUIO C a0COIIOTHO YEPHBIM TEJIOM.
W3nydyeHue ceporo Tena NoA00HO U3Iy4eHHI0 a0COTIOTHO YEPHOTO Tea, OJHAKO B CPABHEHHHM C
YEPHBIM TEJIOM UHTEHCUBHOCTH M3JIy4YEHHUsSl CEPOTro JJIsi Ka)KJOW JJIMHBI BOJHBI MOHUKEHA MPU
BCEX TeMIlepaTypax: eciu Es - ”HTEHCUBHOCTb M3JIy4€HHUs ceporo tena, 1o Es=¢E , rae ¢ -
CTENIEHb YEPHOTBHI CEPOro TeNa, HE 3aBUCALIAs HU OT JJIUHBI BOJIHBI, HU OT TEMIIEPATypBhI.
BonbIIMHCTBO TEXHUYECKUX TBEPIBIX TE AOCTATOYHO OJIM3KO MOAXOAUT IO MOHSATHE CEPOro
tena. X xo3(hHUIUEHT M3TydeHUs MX 3aBUCUT TPHUPOABI Tela U COCTOSIHUS MOBEPXHOCTH.
OTKJIOHEHHUE OT 3aKOHA (3aBUCUMOCTb £ OT TEMIIEPATyphl) YUUTHIBAETCS OOBIYHO OTPaHUUEHUEM
MHTEpBaJla TEMIIEPATYP, VISl KOTOPOIo 3aJa€TCsl 3HAUEHUE & .

B obmem ciyuae 4 + R+ D=1,

rnae

A — k03¢ puLmeHT nornomeHus, iy NorjomaTeabHas ClIoCOOHOCTh Tena,
OTIpeAESIONIas J0II0 U3ITYYSHHUS], TOTIIOMAEMYIO TEIOM;

R — K03 GUIMEHT OTpaXeHUs, UITH OTpakaTesIbHasi CIIOCOOHOCTH TeJa, ONpeaesoast
JIOJII0 U3ITYyUYEHUS, OTPAXKAEMYIO TEJIOM;

D — k03¢ punmeHT npoHUIIaeMoCTH, WIHM MPOIMYCKHAs CIIOCOOHOCTD, ONPEAeIIsIoas
JIOJTIO U3ITyYEHUS], IPOHUKAIOIIYIO CKBO3b TEJIO.

CootHomenne A + R + D = 1 umeeT cMbICII IO OTHOUIEHHIO K MHTETPAJILHOMY
(TIOJTHOMY ) M3JTYYESHHIO, OXBATHIBAIOIIIEMY BOJHBI BCEX JIJTHH.

Eciu D = 0 - Teno HenmpoHunaeMo Juist u3nydeHua u A + R=1;

Ecnu D =1 - cpena npomnyckaet u3iiydeHue MOJIHOCThI0, OHA THaTEPMUYHA.

Kpome TOro, cumraercs cropaBeanuBbIM 3akoH Kupxroda  yTBepxaarouiuii
HE3aBHCUMOCTh OTHOIIEHHUS JyYEHCITyCKaTeIbHOW CIIOCOOHOCTH Tejla K €ro IMOrJomaTelbHON
CIOCOOHOCTH OT KaKHX JINOO (haKkTOPOB.
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st abcomoTHO uépHoro tena A = 1.
st ceporo tena A = ¢;
R=1-¢;
D=0;
Gomp = (1-8)qn ;
4= qus + (I-€) qn .

Jlist abcomoTHO Oenoit moBepxHOCTH R = 1.

Jlanee paccMaTpuBaeTcs M3y4Ye€HUE U JYYUCTHIN TEIJIO0OMEH CepbhIX Teld, pa3AenEHHBIX
IMaTepMUYHON cpenoil. M3mydyenue u oTpaxkeHue cuuTaeTcst TuQy3HbIM.

3akon Crtedana-bonabpiMana, ONpeneSIOMIMA  JTYYEUCITYCKATEIbHYIO CIIOCOOHOCTH
a0COIIOTHO YEPHOTO TEJa, 3alMChIBAETCS B CIEAYIOIIEM BUJIE:

E=oT"

e o =5.76 10 — mnocrosinnas Bonbumana,

T — alcomoTHas Temneparypa nosepxtoctu (K°).

st ceprix Ten 3akoH Ctedana-bonpiMana TeaM MIPUMEHSETCS B CISIYIOIIEM BHIE:

g=oT"
rae O, = €0 — xod(h(HUIMEHT U3ITYUIEeHUSI CEpOTo Tena,
£<1 — CTemneHb YEPHOTHI CEPOTO TeNa.

CymMmapHas MI0THOCTh SHEPTHH, MMOTy4aeMas OBEPXHOCTHIO AJIEMEHTAPHOM IIIOMIAIKH,

OIPEAEIUTCS BBIPAXKEHUEM
a4, =q.+q,,

rae

4, - DHeprus, moilydyaemasi MOBEPXHOCTHIO B PAcCMAaTPUBAEMOM TOYKE OT APYTUX
paccMaTpuBaeMbIX TOBEPXHOCTEH,

d.- »Heprus, mnojixydaemas MOBEPXHOCTbIO B PAacCMAaTPUBAEMOM TOUKE OT W3IydEeHHUS
OKPYKAaIOIEeH Cpebl.

PaccmarpuBas sHepruto dQ, , MoJy4aeMyro 3JIEMEHTapHOH IUIoIaakol dF B pe3ynbTaTe
U3ITy4EeHUS C dJeMeHTapHoM riomanku dF’ (puc.2.2.9.1), MokHO 3anucarhb

dq, =q,—Cos@Cosg'

r b
TOrAa
]
q, = Iq3 cos (ﬂﬂd}?'
F e

rae
¥ — PACCTOSTHUE MEK/y CepeIMHAMH TUIOIIAIOK,
P wu P’ - yoBl MeXIy HOPMAIAMH K

dNeMEHTapHBIM TUIOmaaAKaM dF u dF’ w mpsMowu,
COeIUHSIONIEH CepeIMHbI 3TUX IUIOMIAIOK.

JIONOIHUTENBHBIMA ~ YCIIOBUSMHU BBIYHCIIEHHS
Punc.2.2.9.1. TennoobmeH HOCIIEJHEr0 UHTErpana apisiorcs  cos ¢ >0 wu
N3nyyYyeHnem mexay cos P >0.
AIEMEHTapHbIMN NOBEPXHOCTAMN 9. - DHeprus, M3Iydaemas C eIUHUIIBI

MOBEPXHOCTH  DJIEMEHTApHOW  ruiomaaku  dF’,
ompezenseMas B COOTBETCTBUU ¢ 3akoHoM CtedaHa-
Bonemana.
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4
q. :(I_KFJGTC SHE
- prusi, Mnojay4aemMas IIOBEPXHOCTBIO OT H3JIy4YEHUS
OKPYKaIOLeH CPeibl, TeMIepaTypa KOTopoi Te H3BecTHa,
1 1 s
K, = —I 5 cos @ cos @'dF
T ot

- ko3¢ dunmeHt yancroro termnooomena. lpu
STOM WHTETPUPOBAHUE BBIMOJIHACTCSA JI1 YacTU MOBEPXHOCTU BUIAMMOW M3 paccMaTpUBaeMOM
TOYKH, T.€. TIPU YCJIOBUHU cos 9’ > 0. KodpouuueHr nydncToro TemioooMmena K;
OTpe/ieNIsieT OTHOCUTENIbHYIO 4acTh NoJycepbl, MNpoCcMAaTpUBAEMON U3 TOYKH, 3aKPBITOI
JAPYTUMH O0TYYarOIIUMH TOBEPXHOCTSIMH.

Takum o00pa3om, yCIOBHE JIyYUCTOrO TEIIOOOMEHA MOXKET paccMaTpUBAThCS Kak
0COOBIi CiTydail COBOKYITHOCTH T'PAaHHYHBIX YCIOBHH BTOPOTO U TPETHETO POJA, U MOXKET OBITh
3alMcaHo B BHJIE

(VT), +H,T, —q,=0
2
rae H,=¢dl; _ KOX(QPHUIHUEHT TEII000OMEeHa IPY U3TY4CHUH,
I1€  ¢n— WHTEHCUBHOCTD IMAJAIOIIETO JYYUCTOrO TEIUIOBOTO MOTOKA.

2.2.9.3. ypaBHeHMe npouecca tennoriepegadm OTHOCUTEIbHO Y3J10BbIX HEU3BECTHbIX

Marematnueckuid anmapar MKD no3Bossier 3amMcarth  ypaBHEHHME  COCTOSIHMSI
naeann3upoBaHHoi KO-Moiemm OTHOCUTENBHO Y3J10BbIX HEU3BECTHBIX B BUJIE

[Cf_ ]{T} + [Kc ]{T} - {’U } (2.9)
rne [Ci] — marpuna Termmoémkoctu KD-monenu;
[K:] — Marpuua teronpoBoanocty KO-monenu;
{U} — BEKTOp y3J0BBIX TEIJIOBBIX HAIPY30K.
B cooTBeTcTBUM ¢ OCHOBHOII mporieaypoit metona, matpuilsl [Ci], [K:] u BekTop {U}
bopMupyrOTCSA TYTEM CYMMHUPOBAHUS MaTPUIL OT/IETbHBIX SJIEMEHTOB.

[cA:é[c:;eL [m:g[xg’ﬂ] " {U}é{w}.

ManI/II_[LI 3JIEMCHTOB OIIPCACIIAIOTCSA CICAYOINMHA BhIPAKCHUSIMHA

[~ re)]_ reedF o ted|nr(e)]
C; ]_ Ip'f N pc; N dl 2.11)
- MaTpHIa TETIOEMKOCTH,
KO =& @)+ &2+ &
: 2.12)
- CyMMapHasi MaTpHIa TeIIONPOBOAHOCTH,
[ = = T afe) el
K.'I.. z]= Ire B ry .-'.G ry B ry d]:_f
- v (2.13)
- MaTpula TCIIONpPOBOJHOCTH,
] = fel r el
k(7 ]= [ n ] v las
5* (2.14)
- MaTpula TCHHOO6MeHa,
‘ T k
k@)= [o. 13N v |as
Ed

(2.15)
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- MaTpula TCIIo0TAa4Yn U3JIYUCHUCM,

U= U2 U U U

(2.16)
- CyMMapHbIil BEKTOP TEIIOBBIX HArpy3oK,
rey Lo _ e |7 L e s
%’ F } -FF‘ - {M }1‘}5 (217)
- BEKTOP HAarpy30K OT TEILJIOBBIICICHHUS 10 00BbEMY,
{Lr Ls} }= J. |N' (e} T {h }EfS
s (2.18)
- BEKTOp HAarpy30K OT TEIJIOBBIJCIICHUS Ha TTIOBEPXHOCTH,
{w@l=[Ive| &.3as
5 (2.19)
- BEKTOp HAarpy30K OT TEIUIO0OMEHa.
. o F
U= [Ive| {a,)as
Eh (2.20)

- BEKTOP HArpy30K OT JIyYUCTOTO TEIIO0OMEHa.

J1J1s 3JIEMEHTOB M3 aHU30TPOITHOI'O HIIM aPMHPOBAHHOIO MaTepHajia BEIYUCIICHUE
MaTpPHUIBI KO3()PHUIIMEHTOB TEIUIOMPOBOIHOCTH BBITIONHACTCS B JIOKATHHOW CUCTEME KOOPIUHAT,
B KOTOPOM MaTpuIiia KO3 PHUIIMEHTOB TEIUIONPOBOIHOCTH |/1¢(e) | IMeeT TMaroHaIbHBIH BU/I.
[Tepexo1 k M100ATBHOM CUCTEME KOOPIUHAT BBIIMOIHICTCS C UCIIOIb30BAHUEM MATPHIIBI
HATPABIISIONNX KOCHHYCOB

ated| _ | |F . lafel].
= el e |a|, (2.21)
rac
Lo Ly L
)= 1, 1.
L, 1, L,

A 5 Ay 5 Azz - KOI(DPUIHMEHTHI TETIJIONPOBOJHOCTH B HAMPaBIEHUH OCeH 0x , 0y U 0z

JIOKQJIbHOM CHCTEMBI KOOPJIUHAT COOTBETCTBEHHO.
J171st OpTOTPOMHOTO MaTepuana mojaaraeTcs

4] = 140 (2.22)
U Ax=Ay =4 .

[TonpoOHO mpoteTyphl MOTYYEHHUS] MATPHUI] KOHEYHBIX JIEMEHTOB PACCMOTPEHHI B /4/ 1
Ap.

[Ipu yuére TemmooOMeHa W3ITYYEHHEM WHTCHCHBHOCTH TEIUIOBBIX TIOTOKOB, B
COOTBETCTBUU C O0IIEH Haeonorueid Meroga HeoOXoauMbIe ISl BRIYMCICHHHN paclpeeéHHbIC
napaMeTpsl OINPEAENSIOTCS B BUAC Y3JOBBIX 3HAUEHUH, WM BEKTOPOB Y3JIOBBIX 3HAUCHUN
MHTEHCUBHOCTEN

{gn} - cCyMMapHOTO JIy9HCTOTO TEIJIOBOTO MOTOKA;

{gn} - majaromiero MOToKa;

{ ¢} — moTOKa U3NIy4eHus: BHEUIHEH Cpe/ibl;

{ Gomp} - OTPOXKEHHOTO MOTOKA;

{g>} ->pPeKTHBHOro MOTOKA;

{ gm } - TOTOKa M3ITYYECHHSI OT IPYTHX PacCMaTPUBAEMBIX TIOBEPXHOCTEH,

{ qus} - WM3IIydaemMoro moToka.
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qi = qn - J:T:

— CymMMapHasgd UHTCHCUBHOCTD JIYYUCTOI'O TCIIJIOBOT'O IIOTOKA,
BGKTOP HHTCHCUBHOCTH IIAaJArOIICr0 IIOTOKa OINPCACIIIIOTCA B COOTBETCTBHU C

BBIP2KCHHEM
4. )=1a,1+1.}

(m) _ ;1 _ prim) (m) = (m) 4 ’
g.” =(1-K;")oe,"T, - DJIEMEHT BEKTOPA {q.},
m -— TIOPSIIKOBBIN HOMEP DJIEMEHTA BEKTOpa,

rIe

(m)
K;™ — ko> UIMenT 1ydncToro TemnoooMeHa B TOUKE 71,

(m)
€, — CTEeIeHb YEPHOTHI TEJIa B TOUKE /1,

(m) .
T.™ — temneparypa OKpYKalOLIEi Cpeibl B TOUKE 771 .
DneMeHThl BEKTOpa HWHTCHCHMBHOCTH OTPaXEHHOTO IOTOKA  OINPEACTSIOTCS B
COOTBETCTBHUU C BBIPAKEHUEM

4% = 2™

BeKTop HWHTCHCHUBHOCTHU Bq)(l)eKTI/IBHOI‘O IIOTOKa OIPCACIIAIOTCA B COOTBCTCTBHUU C

BBIPAKEHHEM
.32 10} ons |

BeKTOp HHTCHCHUBHOCTH IIOTOKA U3JIYUYCHHUA OT APYTUX paCCMATPUBACMBIX HOBerHOCTCﬁ
_ 1
{Qrm } - |Lf |{‘g3 J
b

TIe

[,]=3 [

e=1 -rJ100a1bHas MaTpUILA Ty4HCTOrO TEINIOOOMEHa,

M (m)
(e) | _ (e)
[57]=3 [zi”]
m=1 - MaTpUIla JyYUCTOTO TernoooMeHa e — ro KO,
M — 4ucno y3710B B MOJIETH,
COS@__COSQ
(&) () _ mp pe
[I'E' :| - j £ 2 dS

T me - MaTpuIa Jy4ucToro Temiooomena e —ro K9 ¢

y3J10BOM TOYKOH m,

P mp — yroa MEXJly BEKTOPOM HOPMaJIM K TOBEPXHOCTHU B TOUKE 71 U BEKTOPOM,
CBSI3BIBAIOIIUM Y3€I1 711 C paccMaTprUBaeMoi TOUKoi moBepxHoctu K9,

P pe — Yrod MEXIY BEKTOPOM HOPMAJIU K MOBEPXHOCTH KO 1 BEKTOpOM, CBA3BIBAIOIIUM
y3€I m ¢ paccMaTpuBaeMoi TOUKoi nosepxHoctu KO,

7\ne — JUTMHA BEKTOPA, CBSI3BIBAIOIIETO Y3€II 711 C PACCMATPUBAEMOM TOUKOW MOBEPXHOCTH
KD.

OueBuaHO, YTO KOI(DPUIIUEHT TYIUCTOTO TEII0O0OMEHa B TOUKE /71 PaBEH JTUArOHATHHOMY
KOA(QPHUIHUEHTY II100aTbHONU MaTPHIIBI IyYUCTOTO TEIIIO00OMEHA.

Jlanee BBIUMCIISIIOTCS MATPHIIA TETUIOOTIAYH U3TyYEHHUEM W BEKTOP TEIUIOBBIX Harpy30K
OT M3JIyY€HHs] B COOTBETCTBUM C BbIpaxkeHUAMHU 2.15u 2.18 coorBercTBeHHO. MHTerpupoBaHue
MIPH BBIYUCIICHHSIX OCYIIECTBISETCS YACICHHO.

Marpuna Jy4ucToro TermiooOMeHa BBIYMCISIETCS Mepesl HayaloM BBIYMCICHUN 3a1a4u
TEIUTOTIPOBOJHOCTH. B KadecTBE KOHEYHBIX JJIEMEHTOB PACCMAaTPHBAIOTCS TTOBEPXHOCTH
ayuyucroro terioooOmena. [Ipu e€ GpopMHpPOBaHUM YUHUTHIBAIOTCS CBSI3H TOJBKO MEXAY TEMHU
TOYKaMH, KOTOPbIE BHIUMBI OFHA M3 JIPYrod W HE MEPEeKPBIBAIOTCS IPYTHMH TOBEPXHOCTSIMH
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JYYUCTOTO TEIUIOOOMEHA, T.€. YYHTHIBACTCS 3aTEHEHHOCTh. J[JIs KOHTPONS MPaBHILHOCTU
MOCTPOCHUS MaTPUIbI KOA(G(GULIMEHTOB B IPOrpaMMe UMEETCsl BO3MOXKHOCTh €€ rpaduueckoro
KOHTPOJISI MyTEM OTOOpaKCHHS CBSI3eH MEXKIYy TEMH Y3JaMH, IS KOTOPBIX  BBIYHCIICHBI
kodurmenter |L; | .

B o0miem ciyyae mocTpoeHue KOHEYHOTO 3JIEMEHTA CBOJUTCS K OINPEIEICHUIO TIPOIIETYp
MOCTPOCHHUS U pa3MelIeHHs B 00IIel MOJENN PacCCMOTPEHHBIX MaTpull. Boljenenue oTaeabHbIX
KOMIIOHEHTOB MAaTpHUIl ¥ BEKTOPOB B JAHHOM CJIy4ae MPOJUKTOBAHO HEOOXOIUMOCTHIO
dbopMupoBaHus OMOTMOTEKH 3JIEMEHTOB M TPAHUYHBIX YCJIOBUN, KOMIIOHEHTHI KOTOPOM MpH
JOCTaTOYHOCTH (DYHKIUH 00ECHeunBaOT yA0O0CTBO (HDOPMHUPOBAHWS, KOHTPOJSI U KOPPEKIIHUU
JaHHBIX. B 92TOM cuTyaluu KOHKPETHBIM 3JIEMEHT OOBIYHO OMNMCHIBAET TOJIBKO YacTh
pPaccMOTPEHHBIX 00IUX CBOMCTB. Kpome TOro, rpaHUYHBIC, C TOYKH 3peHUs (DU3HMKU MpoIriecca,
yCIIOBUS, TaKhe, KaKk TEeIIOOOMEH C BHEUIHEHl cpenol, TpedyroT (hopMHpOBaHUS >JIEMEHTOB
MAaTpHII, T.€. BBITIOJHCHHS JEHCTBUHN, OOBIYHBIX JUISI OMUCAHUS KOHEYHOTO djeMeHTa. [losTtomy,
OCOOCHHOCTSIMU QJITOPUTMa B JIaHHOM CIlyyae SIBJISIETCSl YCJIOBHOE pasJielIeHHE 3JIEMEHTOB
MOJIEJIM Ha HENOCPEACTBEHHO D3JIEMEHTbl M TIPAHUYHBIE YCIOBHS. 3J€Ch 3TO pa3JelieHue
BBITMIOJTHEHO M0 (PU3MYECKUM MPU3HAKAM.

VYpaBuenue (2.9), kak ¥ IpH pelICHUH 3a7a4d TUHAMUKH, PEUIAETCS MyTEM YUCICHHOTO
WHTETPUPOBAHUSL MO BPEMEHU METOJOM MPSMOYTOJbHUKOB CO CrJaKMBaHHEM. Pesynbratom
pelIeHus SBIAIOTCS 3HAUCHUS TEMIIEpATyp B y3JaX B Pa3JIMYHbIC MOMEHTHI BPEMEHH.

Pemenne ypaBuenus (2.10) BcrmeacTBHe 3aBUCHMOCTH XapaKTEPUCTHK MaTEpUajoB OT
TEMIIEPATyPhI BHITIOIHACTCS UTEPAITMOHHBIM ITYTEM.

[Ipu pemieHuu AaHHOTO Kjacca 3aady B YPaBHEHUSX YYUTHIBAIOTCA TOJIBKO OOBEMHBIE
AJIEMEHTBI, CTEPKHHU, IJTACTUHBI, KOHTAKTHBIE TOYKH U MIOBEPXHOCTH, PEAYLIUPOBAHUE.
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2.210. CBsA3b 3apay pacyéta gedopmMauuim U HanpsHkeHUM C 3agadvamu
nepeHoca Tenna

B kauecTBe TemI0OBBIX HArpy30K B 3ajjauyax pacuéTa HaNpsDKEHUM U negopmanuil kak npu
CTaTUYECKUX, TaK U IPU JUHAMHUYECKMX HAarpy3kax MOrYT BBICTYNATh 3aJaHHbIC 3HAYCHUS
TEMIIEPATYp B y3JaX. OTH 3HAYEHUs yKa3bIBAIOTCSA B MCXOIHBIX JAHHBIX M HCIIOJIB3YIOTCSA Kak
IIpY PELICHUH 3a/1a4 MEXaHUKH, TaK U IIPU PELICHUU 3a7a4 [IepeHoca TeIula.

B nmporpamMe peann3oBaHa BO3MOXHOCTb HCIIOJIB30BAaHUS PE3YJIbTAaTOB pacuéra
TEIJIOBBIX IIOJIEW B Ka4eCTBE TEIUIOBBIX HATPY30K IIPU pELICHUM 3a1ad MeXaHuku. IIpu stom
BO3MOJKHBI /IBa CII0c00a BBIYMCICHUH - IIOCIE0BATENbHBIN U MapaieabHbIH.

IIpu nocnenoBaTenbHOM CIIOCOOE CHadana BBIUUCISIOTCS TEMIIEPATyphl B y3J1axX, a 3aTeM
nepeMeIeHus. JToT crnocod yao0eH Uil CilydaeB, KOIJla YCJIOBUS TEIUIONEepeAayd MOTyT
CUMTATHCS HE3aBUCSILUMH OT NMapaMeTPOB JIBHKECHUS 00BEKTA.

[Tpu mapamuienbHOM croco0e BBIYMCICHUNM TeMIepaTypbl BBIUMCIAIOTCS MapajuIeibHO C
BBIYMCIICHUSMHU TIEPEMEIIECHUNA C y4ETOM HM3MEHEHHs I'€OMETPUM MOJEIM W I1apaMeTpoB €€
JBMKEHUS. DTOT c1oco0 HE0OX0IMMO UCIOIb30BATh B CIIyYasiX, KOT/Aa YCJIOBUs TeIIonepesadn
3aBHUCAT OT IMapaMeTPOB JBIKEHUS 00bekTa. [IprMepaMu TakuxX 3a7a4d MOTYT CIIY)KUTh 33]1a4u C
KOHTAKTHBIMHM B3aUMOJICHCTBUSAMH, C HAIMYUEM TEMJI00OMEHa MEXIy padoyuM TeJIOoM THUIpO-
WJIM THEBMOIIPUBOJIA U CTEHKAMHU TPYOOIIPOBOOB U JP.

Crioco6 BblUMCIEHHH (TOC/IeAOBAaTENbHBI MM HapajlyIeNIbHBIA) yKa3blBaeTCs B
arpuOyTax  3aJaud B pasjele COIVIACOBAaHHOCTH 33/a4 MEXaHWKM U TeIUIONeperayn.
WHdopmanvoHHas COIJIacOBaHHOCTb COOTBETCTBYET IOCIENIOBATEIbHOMY pEIICHUI0, MpU
COBMECTHOM PEUICHUH CIENYET YKa3aTh, YTO PELICHUE BBIIOJIHAETCS IapalIeIbHO.

[Ipy Hamuuuu B HCXOAHBIX JAHHBIX 3aJAHHBIX TEMIIEpaTyp M NpPU  OTCYTCTBUU
pPe3yabTaTOB pacuéra TEIJIOBBIX IIOJIEH, YUUTHIBAIOTCS 33JaHHBIE TEMIIEPATYPHL.

Ecnu B Habope AaHHBIX UMEIOTCS Pe3ysbTaThl pacuéTa TEMJIOBbIX MOJIEH, TO 3aaHHBIE B
HUCXOJHBIX JAaHHBIX TEMIIEpAaTypbl HWIHOPHUPYIOTCA, a B KadeCTBE TEIUIOBBIX HArpy30K
IIPUHUMAIOTCS Y3JIOBBIE TEMIIEPATYPBI, ITOJIYYEHHBIE B pe3yJIbTaTe Pacu€Ta TEILUIOBBIX IOJIEH.

[Tpu 3TOM npU pelieHnu 3a1a4 pacué€ra nepemMelieHui, aepopmannii 1 HarpsHKeHUH npu
JNEUCTBUM CTaTHUYECKUX HArpy30K  MCIOJB3YIOTCS PE3YJbTAaThbl DPEIICHHS 3aJayd pacyéra
TeMIlepaTyp Ui CTallMOHAapHOrO IIpolecca, a IIpU PEIICHWH 3a7a4 JWHAMHKA — JUIS
HECTallMOHAPHOTO.

2.2.11. OcobGeHHOCTU y4éTa TemMnepaTypbl U nNepeHoca Tensa B 3agavax
OAHOMEpPHOro Te4YeHUs XKNJKOCTU

IIpu pacuére rugpONpPUBOOB U CUCTEM PACHPENEIICHUS )KUIKOCTH BO MHOTHX CIy4asx
JUTSL TIOMYYEHUS] JOCTATOYHO TOYHOTO PElIeHUs TpeOyeTcs y4ET U3MEHEHUs BI3KOCTH KUAKOCTH
OT TEeMIIEpaTypsl M, CIEJOBATENbHO, y4€T e€ TemmepaTyp. 31eCh BBIICICHBI BA OCHOBHBIX
BapHaHTa PEIICHUS:

1. IlpubnmxénHoe pemeHue Oe3 ydéra TemIooOMeHa JKHUIKOCTH CO CTE€HKaMU
TpyOONPOBOIOB B MPOIIECCE TBUKECHUS

2. PemeHne ¢ yd4€TOM MPOILIECCOB TEIUIONEPEHOCA BCIEACTBUE JIBUKECHHS KUIKOCTH,
TEIUIOBBIICTICHUS] BCJIEICTBUE TMOTEPh DJHEPTUM HA TUAPABIUYECKUX COMPOTHUBICHUSX U
TEII000MEHa MEXKTY KUJIKOCTBIO M CTeHKaMu TpyOomposoa / 20-22 , 43 /.

[lepBoiii cmydail peanu3yeTcs MpHU PEIICHUU 3a/a4dl MEXaHUKU 0e3 MpeIBapUTEIILHOTO
pacuéra mapamMeTpoB Iporecca TerIonepead MpH 3aJaHHBIX TeMIIepaTypax B y3Jax, WU MpH
MOCIIEIOBATEeILHOM DEIISHUH 3a/ad TeIulonepenayn u mexaHuku. [Ipu pacuére mapameTpoB
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AUHAMHUYCCKUX TICPCXOAHLIX IMPOLECCCOB MNPUHUMACTCA, UYTO XKUAKOCTb, IICPEMCIIAACH II0
TpyOOIpoBOJaM U DPAa3BETBJICHUSIM, MEHSET CBOIO TEMIIEpaTypy TOJIBKO OT BHEUIHHX
BOSHeﬁCTBHﬁ — T.C. TOJIbKO B TC€X TOYKaX, I'IC SABHO YKa3aHbl TCMIICPATypbl KaK BHCIIHUC
Harpy3kd. B ocTanpHBIX TOYKaX TNpU JABIKEHUU OSKUAKOCTH 3HAUYEHHUS TeMIlepaTyp
nepeMeniaeTcs BMECTE C JBHKEHUEM JKUJKOCTU. Takas MOCTaHOBKAa 3a/Jaud JIONYyCTHUMA IpHU
paccMOTpPEHHH OBICTPO MPOTEKAIOIIMX MPOLECCOB, MPU KOTOPBIX MOMKHO IpeHeOpeub
M3MEHEHUSIMA TeMIEpaTyphl >KMJIKOCTH B Tpolecce aBkenus. Hampumep, u3 pesepByapa ¢
3aJJaHHOW TeMIlepaTypol  KUAKOCTb IOCTYMaeT B CUCTEMY TpyOONpPOBOAOB C IPYTHUMH
SHAYCHHUAMU TEMIICPATYpP KUIAKOCTH. HpI/I 9TOM HaYaJIbHBIC TCMIICPATYPHI KUIAKOCTH BO BCECX
TOYKaX U3BECTHBI.

Bropoii cnydail peanmu3yeTcss Ipud COBMECTHOM pELICHUM 3aJad TEIUIoNepenayu |
MexaHuku. [lpu oOJHOMEpPHOM JABW)KEHHU SKUAKOCTHU B TpPyOONpOBOAE TEIUIONEPEHOC
OTIpE/ICIICTCS ABIKEHHUEM KHUJIKOCTH B TPYOOTIpOBOIE

er

ox

8T T
st U =c,p| -+
ox~ ot

A V

x

b4
rae A — TemIonpoBOAHOCTD KUJAKOCTH,
V. — cKopocTh KHAKOCTH B TPYOOIIPOBOJIE.
['pannynble yclOBHS Ha TpaHUIE pa3jesia MOTOKAa >KUIKOCTH M CTEHOK TPyOOmpoBoja
UMEIOT BUJT

(VT), +hk(Ts _T):O ,

rae hr - KOo3(hQHUIMEHT Teruionepenayd Mpu OOMEHE Temjaa MEXIy >KHAKOCTBIO U
CTCHKaMU TpyOOTpoBOIa.

Kpome Toro, BeiieacTBUE THAPOMEXAaHHYECKUX TTOTEPh TP JABHIKCHUH JKUIAKOCTH UMEET
MECTO TEIUIOBBIACICHUE 110 00BEMY

2
V_r
U=k, (Re)=
5 2 ,
rae kf: (Re)x - KOB(I)q)I/H_[I/ICHT TCIUIOBBIACIICHUA OT THAPABIUMYCCKOIO TPCHUA,

oTpeieNIIeMbIil TUIIOM MOTEPH (HAa MECTHBIX COTPOTUBIICHUSX, TOTEPH 10 AJIMHE U JIp.).

[Ipu TemmooOMeHe MEXIy  KHUIKOCTBIO M CTEHKAaMH TpPyOOMpoBoAa TEIIO0OMEH
paccMaTpuBaeTcs Kak KOHBEKTUBHBIN ¢ KOA((UIIMEHTOM Teryonepeaayn /iy , onpenenasieMbiM
BBIPAXKCHUEM

Ay, :ﬁ“ N
e

I7ie e — XapakTepHbI pa3mep (i TpyOompoBoaa Kpyrioro ceuenus e = D, rne D —

JUaMeTp KaHaia).

3

al .
Nu= — — kpurepuii Hyccenpra,
A
a= - TEMIIEPATYPOIPOBOAHOCTb.
P

Kputepuii HyccenbTa ompenensercs 1o SMOUPUYECKAM GOpMyliaM, MPUBEIECHHBIM
Huke. Jlng stux Qopmyn ob6nacTe NPUMEHEHHS OrPAaHUYMBAETCS 3HAYEHUSIMU KpUTEpUs
IIpanarisa Pr, onpenensieMoro BeIpaXxeHUEM

v

Pr=— rae v — IUHaMH4YecKuil Koa(ULMEHT .BSI3KOCTH,

Kpurepuit Hyccenbra omnpenensercss mo sMnupudeckuM GopmyiaM, 001acTh IEHCTBHS
KOTOpBIX ompezensercs 3HadyeHussMu Pr . J[1g ra3oB M HeMeTayuiMueckux skujkocreid Pr>0,5.
JIns 9uCThIX METaJUTMYECKHUX KUJIKOCTeH 00praH0 Pr<<1,0.
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Hns cpen ¢ uncnamu Pr<0,5
0,75
Nu= Nu,,., +044Pe" "
rae Vi, - MUHMMaIbHOE 3HaYeHue KpuTepus HyccenbTa,

Re < loﬁgqm = const; Nu_,, =68

npu

— - 7 — 3
npn  Lem = CONSENU o = 5.2

Hns cpen ¢ uncnmamu  0,5<Pr<5,0  Nu omnpenensercs no dopmyne Hyccenbra-
Kpaycconbna
Nu = 0,23Pr°* Re /¢

9
rae < - Ko3(QPUIMEHT rMAPABIMYECKOrO TPEHHUS.

B unrepBane 5,0<=Pr<100,0 ucmoas3yercs hopmyia
-1

L] b

Nu = £Re Pr|40 \JE@r T-1)+8
[Tpu Pr>=100,0 _
Nu = 0,035 Pr °" Re .f&

Ilepexoq Kk ypaBHEHUIO OTHOCHUTEJIBHO Y3JIOBBIX HEU3BECTHBIX OCYIIECTBIISETCA
PacCMOTPEHHBIM paHee MOPSAKOM — HHTETPUPOBAHMEM YPaBHEHHH MO O0BEMY AJIEMEHTOB U
BKJIFOUCHHEM TIOJTyYSHHBIX MATPUI] B 00IIIee YpaBHEHNUE OTHOCUTEIHLHO Y3JI0BBIX HEU3BECTHBIX.

DTOT MoAXo TpeOyeT COBMECTHOTO PEUICHHs 3a/lad MEXAaHUKHU M TEIUIONPOBOJHOCTH.
3/1ech OMUCHIBAIOTCS KaK 3JIE€MEHTHI THAPOCXEMbI MOACIUPYEMOT0 00BEKTA, TaK U UX MOJEIU B
BHUJIE CTEP)KHEBBIX, MJIACTUHYATHIX, NIPOCTPAHCTBEHHBIX KOHEUYHBIX 3JIEMEHTOB, OINKCHIBAIOIINE
€ro MexaHu4yeckue cBoiicTBa. I[Ipy 3TOM oONMCHIBAeTCS CBS3b COOTBETCTBYIOIIMX Y3JIOB
TUAPABINYECKON U MEXaHUUYECKON 4acTEN MOJEIU. MOJEIIH.
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2.2.12. NMocTpoeHue BpeMeHHbIX gnarpamMmm

Bpemennas guarpamma - 3TO 3HAu€HUsT BpeMEH IMOSIBICHHUS JIMHAMUYECKUX
NepeMeIleHni B y3J10BbIX Toukax KD monenu.

B cymHocTH, BpeMEHHBIE aUarpaMMbl MPEACTABISIOT CO00OM OOUH M3 CIIOCOOOB
NpEJCTaBICHUsT pPE3yJIbTAaTOB pELICHUS 3ajad JUHAMHUKU. Tak, M[pd MOJAEITUPOBAHUU
pacrpoCcTpaHeHHs BOJIH YIPYTHX Ae(opMaliii, WM aKyCTUYECKUX BOJIH, BpEMEHHAs uarpamma
OMKCHIBACT MOJIOKEHUSI (GPOHTA BOJHBI B pa3IM4Hble MOMEHTHI BpeMeHH. B kauecTBe mpumepa
Takod BpeMEHHOM auarpaMMmbl Ha Puc.2.2.12.1. mnpexncraBieHa Jguarpamma IOSIBJICHUS
JTUHAMHUYECKUX TIEPEMEIICHU B JIBYXCJIOWHOW 00JIACTH, BEPXHHH CJIOW KOTOPOH COCTOHUT W3
BOJIbI, HWKHUM — U3 cTanu. Bo3mylieHue 3aaHo B BHJIE COCPEJOTOYEHHOI'O YCHIIUS B JIEBOM
HIOKHEM yriay. O4eBHIHO, YTO JUarpamma, pacrojoKeHHas B HIDKHEH 4acTu PUCYHKA, OTpakaeT
MOJIOKEHHS (PPOHTA BOJHBI B Pa3IMYHbIE MOMEHTHI BPEMEHH, a PACCTOSHUS MEXKIY MOJIO0CaMHU
MPOIMOPLUOHAIIEHEI CKOPOCTH 3ByKa B cpele. PaccTosiHus Mexay mojlocaM YHCIEHHO PaBHBI
JUIMHAaM, KOTOpbIE€ IPOXOIUT 3BYK 3@ OTPE30K BPEMEHHU, PaBHbIN Ipajlaliiy Kbl 1UAarpaMMBI.

Puc. 2.2.12.1. BpeMeHHas gnarpamma
Gz pacnpocTpaHeHus BorH AedopmMaunn B
obnactu, cocTosiLen n3 AByx Croes.

[Ipu pemiennu 3a1a4 AUHAMHUKA CJIOKHBIX MEXAaHUYECKUX CUCTEM BPEMEHHAs JuarpaMmma
TaKk)Ke MOXKET OKa3aThCs MOJIE3HOM, TaK Kak, MO CYTH, OyJIeT OTpa)karh IIUKIOTrpaMMy paboThI
MEXaHu3Ma.

B mporpamMmMe MokeT OBITH TOCTPOEHO TPH BHJIa BPEMEHHBIX TUArpaMM - THHAMUYecKas,
CTaTUYECKas U CyMMapHasl.

unamuueckan eépemennan ouazpamma CTPOUTCS IO PE3yJbTaTaM PELICHMs 3aladu
pacuéra mapamMeTpoB JTUHAMUUYECKHX MEePEXO0IHBIX mporieccos (1m.2.2.2.). B aTom cimydae BpemeHna
MOSIBJICHUSI AUHAMUYECKUX MEPEMEIEHUN #; OIPENENSIIOTCSA, KaK MOMEHTHI BPEMEHH, B KOTOPbIE
MOAYJb TEPEMEIIECHUI TMPEBBICUT 3aJaHHOE NOporoBoe 3HaudeHue. lloporoBoe 3HaueHwme
3a4aETCA OTHOCUTEIIBHON aMIUTUTYA0U

Ai = Qi / Qmax .

3neck: Qi -Moaynb IEpPEMELIEHUN B Yy3J€, COOTBETCTBYIOUIMI IOSABICHUS
nepemMemeHnil;  Omax “MAKCUMAJIBHBIA MOAYJIb NEPEMEIICHUN B y3JIE Ha pacCMaTpUBAEMOM
WHTEpBaje BpeMeHU. Bennunna A; nomwkHa nexarts B uHTepBaie or 0 mo 1.0 , momaraercs
MOCTOSTHHOM i1 Bced oOnacTu W 3ama€rcst mojb3oBarenieM. [lpw 3amaHuy BeTWMYMHBI A;
omuskoit k 1.0 BpeMmMeHHas AuarpaMma OTpakaeT BpPeMEHa JOCTHKEHHS MaKCUMAaJbHBIX I10
MOJAYJII0 NEpeMEIIeHU B Toukax mojenu. [Ipym manbix 3HaueHUsX 4; BpeMEHHas AuarpaMmma
OTpa)kaeT BpeMs MOsBICHUS NepemenieHnil. Tak, npu MOAeIMpOBaHUM PACIIPOCTPAHEHUS BOJIH
ynpyrux aedopmariuii, Wi aKyCTUYeCKHX BOJIH, BpEMEHHAs TharpamMma Mpu MallbIX 3HAUYEHUSX
A; OTIMCBIBAET MOJIOKEHUs (DPOHTA BOJIHBI B PA3TUYHBIE MOMEHTHI BPEMEHH.
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OTOT BHUJ JAMAarpaMMbl MOXHO TOCTPOUTH IO pe3ysibTaTaM peIleHUs Jo0oW 3anaun
JUHAMMKH.

[Tpu pemenuu 3agadu paclpoCTPaHEHMs] aKyCTUYECKUX BOJIH U3 MECT PacIOJIOKEHUS
aKyCTHYECKHX JaTYUKOB AITOPUTM IIOCTPOEHUS [IUHAMUYECKMX BpPEMEHHBIX JUarpamm
aBTOMATUYECKM BBINIOJIHAET IIOCIEA0BAaTENbHOE pELIEHHE 3aJad PaclpOCTPAHEHUS BOJH
neopManuy Mpu BO3MYILIEHUU B TOYKAaX pacloJIOKEHUs NaTYUKOB. B kauecTBe BO3MYIIEHUs
HCIIOJIb3YETCS 3HAYEHNE EAUHUYHON CKOPOCTH B HalpaBJIECHUH HOPMaJIU K IOBEPXHOCTH B TOUKE
pacrnosokeHuss nartdyvka. JUId KaXZOM TOYKU BBIINOJIHAETCA PELICHUE OTACIbHOW 3a1aud U
CTPOMTCSI BpEMEHHAas AMarpaMma.

Cmamuueckaa 6pemennHas O0uazpamma OTPAKAET TOJIBKO IIPOLECC PacIpOCTPaHEHUS
aKyCTMUYECKUX BOJIH IPU BO3MYLIEHMM B Touke. IIpu 3TOM mosaraercs, 4To CKOpOCTb 3BYKa B
MaTepuase Vs IOCTOSHHA U IS YIIPYTOM Cpelibl paBHA CKOPOCTH PAaCIpPOCTPAHEHUS ITPOIOJIBHBIX
BOJIH, ONPEEIIIEMOM BbIpa)KEHUEM

V= E(l_ J‘H)
p+u)i—2u)
rne E , p - MOAyJIb YHOPYroCTH M IUIOTHOCTh MaTepualia COOTBETCTBEHHO, [ -

koa¢pdunuent Ilyaccona.
Jlist xxuakocTd Vs B IepBOM MPUOIMKCHHH OTPECIIICTCS KaK

E
_ B
V. = =
e . TAC Eg/c > Pac - MOAYJIb YHPYIrOCTH U INIOTHOCTb KUAKOCTU
COOTBCTCTBCHHO.

Jns Ooyiee TOYHOTO TMOCTPOCHHUSI CTAaTUYECKUX JHUAarpaMM C HCIIOJIb30BAHHEM
SMIMPUYECKUX JAHHBIX O CKOPOCTH 3BYKa €€ BEJIMUMHA MOXKET ObITh BBEJIEHA HEIIOCPEACTBEHHO
B UCXOJHBIX JAHHBIX.

Janee, nonaraercs, 4TO B Ka)KOM KOHEYHOM 3JIEMEHTE Pa3HOCTh 3HAYEHUN BPEMEHHU B
y3Jlax He MOXKET MPEBbIIIATh BPeMEH, TPEOYeMbIX sl MPOXOKIACHUS 3BYKOBOM BOJHBI MEXIY
y3JaMH 3JIEMEHTA.

Ha ocHOBaHMM 3THX NPEANOJOKEHUN COCTaBiseTcs 00lee ypaBHEHHUE OTHOCUTEIIBHO
y3JI0OBBIX 3HAQUYEHHIl BPEMEHHU IMOSBIEHUSA BOJHBI B Y3JOBBIX TOYKax monenu. Ilpu stom
roJlaraeTcs, 4ro BO3MYILEHUE 33JaHO B OJHOM Y3JIOBOM TOYKE MOJENIH, B KayeCTBE KOTOPOM
UCIOJIB3YETCSl TOYKA PACIONOKEHUS aKyCTHYECKOro JaTryuka. PerleHne 3TOoro ypaBHEHHs
UTEPALMOHHBIM ITyTEM MO3BOJIET ONPEACIUTh Y3JI0BbIE 3HAYEHHS] BPEMEHU MOSIBICHUS BOJIHBI.

B kadecTBe TOUEK BO3MYIIEHHUS NMpPH peaTU3allM BBIUKUCICHUN MPUHUMAIOTCS TOYKU
PacrosoKeHUsI aKyCTHYECKMX JaT4MKOB. J[JI KakJoro AaTyuka CTPOUTCSA CBOS AMArpaMma, U
YHUCJIO JUarpaMM paBHO YHMCILY JATUYUKOB, ONMKMCAHHBIX B MOJIEIH.

Cymmapnaa epemennas oOuazpamma TpeTHA3HAUYEHA [UIsl OTOOpakeHHsl Haubosiee
BEPOATHOTO IOJIOXKEHHSI MCTOYHMKA BO3MYILEHUS M CTPOMTCS IO BPEMEHHBIM JuarpaMMam
TOYEK PACIIOJIOKEHUSI TaTYMKOB MPHU U3BECTHBIX 3a/IepiKKax 10 BPEMEHH MOCTYIIEHUSI CHUTHala
At ;. . lpu 3ToM monaraercs, 4To BpeMs NMPHUXO0Ja BOJHBI U3 JIFOOOW TOUYKH MOJEIH B TOUKY
pa3MenieHusi JaTudKa paBHO BPEMEHM MPUXO0Jia BOJHBI M3 TOYKM pa3MEILIEHUs [aTuhka B
paccMaTpuBaEMylo TOUKY.

HcTouyHukoM curHaza MOTYT CHYXUTh JA€(PEKThl, TPEIUHbl U JIPYrHe€ SMUTEHTHI,
KOTOPBIE BO3MOXKHO UJCHTU(UIIPOBATb.

Benuuunbl  3ajepKek  MoJaraioTCs — U3BECTHBIMM, W TIOJYyYEHHBIMH U3
AKCIEPUMEHTAIIbHBIX TaHHbIX.

O4eBHIHO, UYTO B UACATHLHOM Clyyae, KOTJa 3aJepXKK{ OMpeesieHbl TOYHO, 3HAYCHUS
BpeMEH B JuarpaMmax JaTYMKOB C YYETOM 3aJ€pKKM JJIsl TOYKH, COOTBETCTBYIOIIEH
MOJIOKEHUIO HCTOYHUKA CUTHAJIA OYAYT paBHbI CpEHEMY 3HAYEHHUIO, T.€. .
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ti = 1lp , TOC

ti = tp + At; —3HAUEHHE BPEMEHU B JUarpaMMe JaTuyKa,
tip — 3HAYCHUE BPCMCHH B HCXOHHOﬁ AuarpaMme JaTdyuka,
At ; — 3a[epKKa 110 BPEMEHH [UIS i - TO JaTYMKa,

1
fy =5 2.1 |
V=l rne i=1,N, N -4ucio CyMMHUPYEMBIX IUarpamwm,
OpHako, B peaJlbHOCTH BpPEMEHa 3aJepXKEK CHUrHaja JUisl JaTYUKOB OIPENEIISIOTCS C
HEKOTOPOH morpemHocThio. OUYeBHIHO, YTO B 3TOM cliyyae, Hamboyiee BEPOSTHBIM MECTOM

HAXOXXJCHUS HMCTOYHUKA BO3MYIIEHHsS OyAeT o0JacTh MUHHMAJbHBIX 3HaueHU At -
CYMMAapHOU HEBA3KH, ONPEAEIAEMON BBIPAKEHUEM
N

AL, =2 |Ef B I-"p|
i=1 .

Jns ynoOcTBa oToOpaskeHUs AMarpaMMa HOPMHUPYETCS M WHBEPTHpYETCs, T.e. 00JiacTu
MUHUMAJIBHBIX 3HAYCHUU Af. OTOOpa)XaroTCS I[BETOM, COOTBETCTBYIOIIUM MAaKCUMyMY
0TOOpakaeMOi BETHUUHBI.

[TocTtpoenne cymmapHOW AWarpaMMbl BBITIOJHSETCS B TMPOIECCe OTOOpaKeHHs
pe3ynpraToB pacu€ra. I[lpm >TOM 3HaueHUsT BpPEMEHHBIX 3aJEP>KEK JaTYMKOB BBOJAATCA
HEIOCPEICTBEHHO IMOJIb30BATEIEM U MOTYT U3MEHSITHCSI.

Ha puc.2.2.12.2 - 2.2.12.4. mupenctaBieHbl MPUMEPHl OTOOpPaXEHHUS] CYMMapHBIX
BPEMEHHBIX JMarpamMMm JJisi MOJENIed W3 CTEPKHEBBIX, OOBEMHBIX JJIEMEHTOB, a TakKXKe U3
IacTUH. B mpencTaBieHHBIX NpUMeEpax 3aJaHbl HYJIEBbIE BpEMEHHBbIC 3aJICPKKU JUIS BCEX
JMATYUKOB, TMO3TOMY HamOoJiee BEPOSTHBIM MECTOM HAXOXKICHHS HMCTOYHHMKA CHUTHAJA B HUX
OyIyT SBISATHCS paBHOYIATIEHHBIE OT MECT PACTIOJIOKEHUS JaTYNKOB TOUKH.

DDHEHTM PacueT EapRACS CTPOMTENEHOHM BEOHCTPYRIIMM
ocen I'CE
Z
CyMMapHan BPeMeHHAR IMADPaWMa aRVOTHYSORMX IaryMeroe(0.._1)
X>
T

T

BpeMeHHEE =alepMEM

aw. maryMmor dt, o

Wo/o  y=en dt
1 10 o]
z Z0 u]
3 £g o
4 64 o
£ &7 o]

3 Log ul

Puc.2.2.12.2. CymmapHasa BpemMeHHasi gnarpaMmma CTep>KHEBOW
mMoenw.
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OpIeET IR
ocert TCE

o

CymdapHaA EpEMeHHAA THMATPaMMa aSeyCTHYECHMX TargMeors (0. 1)

EpendeHHE: ZalepHEH
ap. JaTyMKoe do, o
Wo/o y=en At

1 z5 u]

z 103 u]

3 123 u]

4 3701 u]

£ E21Z ul

Puc.2.2.12.3. CymmapHas BpemeHHass pguarpamma OOGBLEMHON
Moaenu.

OpHMeHT SITHA
ocen I'CK

Z CympdapHaA EpeMeHHSA ITHalpakds akyCTHYeCHMX TardreEoE (0. 1)

F s

Z

EBpeMeHHNE =alepHEH

ar. JaTyMeoE db, o

W/  y=en dt
1 g9 u]
E 101 u]
3 341 u]
4 353 u]

Puc.2.2.12.4. CymmapHasa BpemeHHas gnarpaMmma niockon
NNacTUHbI.
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2.3. CBoncTBa maTtepuana

PaccmarpuBaroTcss M30TPOIHBINA, aHU30TPOIHBIA U OPTOTPOIIHBIA Marepuansl. Moaens
MOJKET COCTOSITh U3 YaCTEH, MaTepHalIbl KOTOPBIX UMEIOT PA3JINYHBIEC CBOMCTBA.

2.3.1. U3oTponHbIN MaTepuan

JInst U30TPONHOrO Marepuaia pacCMaTPUBAIOTCS KaK JIMHEWHBIA, TaK U HEJIWHEHHBII
ciydyau. MexaHnyeckue CBOWCTBA ONMMCHIBAIOTCS CIEAYIOIIUMU XapaKTEPUCTUKAMMU:
-IUIOTHOCTbh, K&/KVO.M;

-Moayib ynpyroctu, Mlla;

-k03dunment [lyaccona;

-moayne cnpura, Mlla;
-k03(PUIMCHT TMHEHHOTO paclIpeHus MaTepuania, 1 / epan;
-k03()PHUIMEHT TETUTOMPOBOTHOCTH, 8/M/M 2PAT;

C. - ylenbHas TeIUI0EMKOCTb, 0dic/Ke 2pad.

CpolicTBa Marepuana B OOLIEM Cilydae IOJAraioTCsl 3aBUCALIMMHU OT TEMIEpPaTypbl U
nedopMaluu, a XapakKTepUCTUKN HETUHEHHBIMU.

B o0mem cinyyae 3aBHCHMOCTh MEXAY HampsOKCHUsSIMH U jaedopManmsiMu o = o(&)
MOXET WMeTh HeNuHeWHbld BuA. Ecmm ¢yHkums o = o(g) 3agaHa B ONHMCAHUHM CBOMCTB
MaTepuana, TO NpU pacyérax AWMHAMHUKU TpU OOJBIIUX TMEPEMEIICHUSX WIA CTAaTHYeCKHUX
pacuérax s Harpy3oK HM3MEHSIOLIUXCS BO BpPEMEHM CBOWCTBA MaTepualia CUMTAIOTCS
HEJIMHEHHBIMHU, U pacCcMaTpUBAETCs MOBEJCHUE MaTepuala 3a IpelnesioM ymnpyroctu. B stom
Cllydae MOCJeIHsAs TOYKa JuarpamMmbl CUUTAeTCS TOYKOM pa3pylleHus Marepuala 1o MpUuruHe
ucuepnaHus crocoOHOCTH K 1e(hOPMUPOBAHHUIO.

[Ipu oTcyTCTBHUM 3aBUCMMOCTH HAaNpsDKEHUN OT AeopMalivii B ONMCAaHUU MaTepualia ero
MOBEJICHUE CUUTAETCS YIIPYTUM.

Koaddunment nuHeiHOro pacmupeHuss MaTepuaina MOXKET 3aBUCETh OT TeMneparypsl 7,

R QT D

t.e. ¥y = y (D).
TennmonpoBOIHOCTh U TEMIOEMKOCTh MOTYT 3aBHCETh OT TeMIepaTyphl, T. €. B 00IIeM
cayyae A = A7) uc =c(l), rne T - Temneparypa B pacCMaTpuBaeMoOM TOUKE JIEMEHTA.

Mopynb ynpyroctu, Takxke MOXKET 3aBUCETh OT TEMIIEPATyphl, U B 3TOM Cllydae TeKyllee
3HAYEHHE MOJYJIA YIPYrocTH Er oripeensercs dJieMeHTa 7, BhIpaKeHueM

E, =K, (T)E , e

Ki(T) — 3anannas GyHKIuS,
E - 3amaHHOE ISl HOPMAJILHOM TeMITepaTyphbl 3HAYCHHE MOIYJIS YIPYTOCTH.

AHaJ'IOFI/I‘lHBIM O6p330M OIINUCHBIBACTCsI 3aBUCUMOCTDH BCJIINYUH HaHpHX(eHHﬁ,
ONpeEAEMBIX 0 KpuBOH JAepopMHpOBaHHS B YHOPYro-IUTACTUYECKOW 00JacT OT
TEeMIIepaTyphl

o, =K, (T)cr(g)

9
rie o(e) — GyHKOUS 3aBUCUMOCTH HamNpsbKeHUH oT jAedopmarnuiie B ynpyro-

TUIACTHYECKOM 001acTH, 3aJaHHas U1 HOPMaJIbHOM TeMIepaTyphl.

Bcee ¢ynkumu 3anmarorcs TabIMYHO B BHJE Nap 3HAUYEHUH aprymMeHTa U (QyHKUIUU B
NOPSIIKE BO3pacTaHUs apryMeEHTa.

[Ipn nukIMUYecKkoM HarpyXeHuu YyuuThiBaeTcsa 3(¢ext baymumHrepa — CHUXKEHHE
npelena TEKydecTH IIpH IepeMEeHe 3Haka HarpyxkeHus. [lomaraercd, 4TO IUKIMYECKOE
YIIPOYHEHHE OTCYTCTBYET, a Mpe/e TEeKYyYeCTH NMPU U3MEHEHUH 3HaKa Harpy3Ku OIpeesseTcs
BBIPAXEHUEM
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o'} ) = 20 -0,
)
ol - TpejeN TeKy4eCTH PH NEePEMEHE 3HaKa HarpyKeHNUs
o, - TpeIeN TEKy4eCT MaTepuaa,
wax - MAKCUMAJIbHOE HANPsHKEHUE, JIOCTUTHYTOE MPHU MOJO0KUTEITLHOM Harpy>KeHUH.
[Tpu 3TOM AuMarpaMMa pacTsDKEHHUs CKaTHsl MPU MEepeMeHe 3HaKa HarpyXeHHUs ocTaércs
oA00HOM UCXOHOM TharpaMmme.
Nnnroctpanus 3TUX qomyiieHui rpadgudecku npeacrabieHa Ha puc.2.3.1.

Oy
1y 'y
'y
0,
UT PRGN CT
2 r
Y ¥ .
0 b g
(-}
CTT
¥ ¥
_/’/'IIIIIIIr

Puc.2.3.1. luarpamma nedopMupoBaHus MaTepraia mpu 3HAKOMEPEMEHHOM
Harpy>Ke€HUuHU.

Bo3moxkeH yd4€r cBOWCTB mosdydectd Marepuana. [log moy3ydecTbr0 NOHHMMAETCs
CBOWCTBO HaKoIJIeHU JedopmMaruii moja AelcTBUEM HaNpPsHKEHUH C TeYeHUEM BPEMEHHU.

ITpu sTOM HampspKEHUs MOTYT OBITH HUXKE Ipenena TekydecTH. CKOpOCTh HaKOIJICHHUS
nepopmanuii sBisiercs pyHKUMENH BpeMEeHH, HaPsDKEHUH U TeMITepaTyphl.

CBolicTBa MOJ3Yy4eCTH 3a/Jal0OTCSI KPUBBIMHU TMOJI3Yy4YECTH - (QYHKIUSAMH 3aBUCHMOCTHU
nedopmaruii o6pasia OT BpEMEHHU IPH 33JaHHBIX TeMIepaTypax 1 HanpsbkeHusx Cumnraercs,
YTO HakoIUJIeHHue AedopMaliiii MpoucxoauT B COOTBETCTBUH C TEOPUEH TeUeHUs, Takke, Kak U
NP TJIACTHYECKOM JehopMupoBaHuu. 3amada pacuyéra aedopManii 1 HAMPSHKEHUH ¢ yIETOM

MOJI3Yy4YEeCTH pELIaeTCsl WHTErpUPOBAHHMEM YpaBHEHHH paBHOBecHs BO BpeMeHHU (cM. Pacuér



MEepEMEIICHUI NIPU CTATUYECKUX Harpy3kax U3MEHSIONIMXCS BO BPEMEHM, Win JMHaAMU4eCKUui
aHajms).

Peanu3oBanbl Tpu MOJEnU IOBEICHUs MaTepuaia. B mepBoH, mpocreuiien, B KauecTBe
apryMeHTa onpeesieHus: CKOpPOCTH JehopMalliii OJI3y4eCcTH BhICTyNaeT BpeMsi. Bo BTopoil -
CKOPOCTh JedopMalui ONpeAeseTcss M0 BeIMYMHE HAKOIUIGHHON aedopmaruu, T. €. [lpu
MOCTOSTHHOM Harpy3ke o0e MOJeNld AaloT MPaKTUYeCKH OJMHAKOBBIN pe3ynbraT. Pazmuuue
IIPOSIBIISAETCS IPY U3MEHEHUU HArpy3Ku U MPOUJUIFOCTPUPOBAHO Ha puc. 2.3.2.

Tak, npy U3MEHEHUH HaNpsDKEHUS VI IEPBOK MOJIENH Tepexol OyaeT OCyIIeCTBISATHCS
13 Touku A B Touky C, a Jijisl BTOPOH - U3 TOYKH A B TOUKY B.

Tperbss MOnEnb OTIMYAETCA OT BTOPOM TOJBKO TEM, 4YTO B KauyeCTBE apryMeHTa
BBICTYIIA€T HE HAKOIUICHHAs, a MoJIHas aedopMarus, T.e.

B cooTBeTCcTBUM C 3 THM JOJIDKHBI OBITH 3aAaHbl 1 KPUBLIC ITOJI3YYCCTH.

&
f(o,)
C/ §

5 f(o)

¥

Puc.2.3.2. Mogenu yuéra noa3y4ecTu MaTepuaia..
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2.3.2. AHM3OTpONHbLIM MaTepuan

AHN30TPOIHBINA MaTepUaj pacCMaTPUBAIOTCS KaK JIMHEHHO-YIPYTHi.

MexaHnuyeckue CBOMCTBA OMUCHIBAIOTCA CIEIYIOIIMMH XapaKTePUCTHUKAMHU:

L -IUIOTHOCTH, K2/Ky0.M;

|D| -matpuma cBsi3u HanpspKeHu# u Aeopmanuii B BRIpaKeHUN

{o} = ID|{s}, rne

{o} ={0x , Oy , O, Ty , Ttz , Tz} - BEKTOP HAIIPSDKCHHUI B MaTepuase,

{e} ={&x,8&v,& , %, Viz, Y=} - BEKTOp neOpMaIIHA.

Martpuua |D| nonaraercsi CAMMETPUYHOM U 7Sl €€ ONUCAHUSI BBOASTCS TOJIBKO 3JIEMEHTHI
BEPXHETO TPEYTOJIbHUKA T10 CTPOKaM. 3HAYEeHUs JIEMEHTOB MaTpullbl |D| 3anatorcs B Mlla.

Jlis onrcanust TETJIOBBIX CBOMCTB 3a4at0TCsl:

Yax s WKy » Yoz »-KOI(D(DUIIMEHTHI TMHEHHOTO pacCHIMpPEeHUs MaTepHaja B HAIPABICHUU OCEH
0X, 0y W 07 COOTBETCTBEHHO, | / epan;

Ay Ay, Az, KO3 OUIHEHTHI TEIUIONPOBOAHOCTH B HANPABICHUU OCEU OX, 0y U 0%
COOTBETCTBEHHO, 68/M/M 2pal;

c. - ylenbHas TeIIOEMKOCTb, ddic/Ke epao.

2.3.3. OpToTponHbLIN MaTepuan

OpTOTpPONHBINM MaTepra pacCMAaTPUBAOTCS KAK JIMHEHHO-YIPYTUil.

MexaHn4yeckre CBOMCTBA OMUCHIBAIOTCS CICIYIONIMMUA XapaKTEPUCTHKAMU:

p  -IUIOTHOCTb, K2/KYO.M;

Ew , Ey , E: -Mogynu ynpyrocTd marepuaia B HampaBlIeHHH OCel ox, oy U 0F
COOTBETCTBEHHO,, Mlla;

Ly, Mz, fbz, -KodQdunuents [lyaccona;

Gxw, Gy, Gz -Monynu casura, Mlla.

[Ipu »TOoM monaraercs, 4YTO CBs3b JAedopmanvii W HaOpsHKEHU B MaTepuane
OTIPEIEISAETCS CIENYIOIIUMH BBIPAKCHUSIMU:

e,

1 Hy y75.
€ =0 — = ag, - — G
E b E W E 2z
Kl 1 .
E.=—— g t—GC,., ——0O_.
E xx E;, E 2z
. /e 1
€, =~ —= G — —0, T—0_.
En E zz
R Vo =——t Yy ==t
¥z G ¥ iz G - ¥ y G_ Iy
X pad z
HpI/I 3TOM BBITIOJHAKOTCA COOTHOIIICHUA:
Enaunc; = E:n:)!u:ﬂ’_ En’auxﬂ :EZZJHZ: H EE fu@' = ng:;a'u:;;.

J11s1 oTIMcaHus TETUTOBBIX CBOWCTB 3a/1al0TCSI:

Yax s Wy » Yoz ,-KOI(D(PUIIMEHTHI TMHEHHOTO pacHIMpeHHs MaTepHaja B HAIpaBICHUU OCe
0X, 0y W 07 COOTBETCTBEHHO, 1 / epan;

Axx s Ay s Az, -KO3(PUIHEHTHI TEIUIONPOBOAHOCTH B HANPaBIEHUH OCEH 0X, 0y U 0%
COOTBETCTBEHHO, 8M/M 2pa;

Ci - yAenbHas TeIIOEMKOCTh, 0Jic/Ke 2pao.
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2.3.4. XnpkocTb

XKuakocTs paccMaTpuBarOTCA Kak COKMUMaemasl, TUHEHHO-yIpyras cpefa, OKa3bIBaroIas
VIPYroe COMPOTHUBIICHHWE OKa3bIBa€T TOJILKO H3MEHEHHI0 00bEMa U BSI3KOE CONPOTHBIICHHE
WU3MEHEHUIO (DOPMBEL.

MexaHnuyeckre CBOMCTBA MKUAKOCTH OMUCHIBAIOTCS CIEAYIOIIMMU XapaKTepPUCTUKAMHU

£ — IUIOTHOCTh, K2/KVO.M ;

E5c— 00béMHBIN Moaynb ynpyroctu, Mlla ;

V  — IMHAMHUYECKUU KO3PPUIUEHT .BI3KOCTH, [la c ;

7y — Ko3(h(UIMEHT JIMHEHHOTO paciiupenus marepuana, 1 / epao;

A — k03¢ (HULHMEHT TEIUIONMPOBOTHOCTH, 8M/M 2Pal;

Ci — yZAenbHas TeII0EMKOCTb, 0dic/Ke 2pao.

Bo3moxHbIe 001aCTH NCTIOIB30BAHUS B MOJIEIH:

- ympyras cpena (Marepuai) 00bEMHBIX 2JIEMEHTOB;

- pabouee TelO TUAPONPUBOIA

- TIOJOCTH CTEp)KHEH (BBIUMCIAIOTCS BHYTPCHHUE MaBICHHUS WM TPUCOSAUHEHHBIE
Macchl);

- OKpy)Xarollasg cpefa Julsi U IOBEPXHOCTEH B3aUMOJEHCTBUS CO Cpeloi(B 3TOM
Clly4ae BBIUMCISIOTCS  JaBleHHUS, ApXUMeIoBa CHJIa, NPUCOCAMHEHHBIE MAacChl U
THJIPOMEXAHYECKHUE CHITBI COMTPOTHBIICHUS JIBUKEHUIO).

[Ipn mocnemHuX ABYX BapuaHTaxX WCIHONB30BaHUs Tonaraercs, uyto ocb OZ I'CK
HarpaBJieHa BEPTHUKAIBHO BBEPX, M YKA3bIBACTCS, TAKXKe, Z-KOOPMHATA TIOBEPXHOCTH.

2.3.5.INas.

PaCCManI/IBaIOTCSI HUACAIbHBIC U PCAJIBHBIC I'a3bI.
[TpuBeneHHbIE anee ypaBHEHUS] COCTOSHUS TTOAPOOHO PacCMOTPEHHI B pabotax / , , H
ap./.

2.3.5.1. CBoncTBa rasa.

CaoiicTBa rasza 3amalTcs Il HMCXOAHOTO COCTOSIHMSI, B KOTOPOM JaBJICHUS H
TEMIIEpaTypbl MOTYT OTJIMYAThCSA OT HOPMAJIbHBIX YCIOBUH.

CBoiicTBa rasza OnMuChbIBAIOTCS CIEAYIOIIMMU XapaKTePUCTUKAMMU:

o — IJIOTHOCTb, IpH HOpMasbHBIX ycnoBusax (0° C, 0.981MlIla ), ke/m.ky6 ;

R —ra3oBas nocrostHHas, [K/Kr rpan.;

vV — IMHaMH4ecKHuil koadduuueHt .Bs3koctH, Ila c

n  — IoKasareiab aguadaTHl |

P, — maBnenwne B ucxomaoM cocrosunu, Mlla ;

T, — TeMriepaTypa B UCXOJHOM COCTOSIHUH, ° C ;

Py — xputnueckoe nasienue, Mlla;

Ty —KxputHyeckas temreparypa, ° C;

Tun ucnonp3yemMoro ypaBHEHHs COCTOSTHUSA:

-AAeaNbHBIN Ta3;

-ypaBHeHue Ban-nep-Baanbca;

-ypaBHeHue AGerns;
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-ypaBHeHue Pennmxa-KBonra.;
Bo3moskHbIe 0051aCTH UCTIOTIB30BaHUS B MOJICIIH:
- pabouee Teo JJis MTHEBMOIIPUBO/IA;

- II0JIOCTH CTGp)KH@fI (BBI‘II/ICJ'IHIOTCH BHYTPCHHUC IOAaBJICHUA U HpI/ICOCI[I/IHéHHBIG

Macchl);

- cpeaa, BSaHMOﬂeﬁCTBYIOHIaH CO CTCPXHAMH W IIOBCPXHOCTAMHU (BBILII/ICJ'ISIIOTCH

HApY’KHBIC JABJICHUA U a3PpOJUHAMUYCCKHUEC CUJIbI COITPOTUBIICHHUA I[BI/I)KGHI/IIO).

Ecimu B MOACIN IMPUCYTCTBYIOT 3JIEMCHTBI C Pa3JIMYHBIMU HCXOAHBIMHU COCTOAHHAMH
OAHOro0 rasa, TO HNCPCUHHUCICHHLIC IIapaMETpaMHu 3aJar0TCsd OTACIbHO JIA Kaxxaoi TPpYIIIbI

OJIEMEHTOB C OJJMHAKOBBIMHU ITapaMETpaMu.

2.3.5.2. WpeanbHbIN ras.

CocrosiHHME neanbHOro raza onucbiBaetTcs ypapHenuem Kianelipona-Menneneesa

Pw=RT, (2.3.5.1)
rae

1
w= ; - YICTBHBIA 00BEM,

p u T —JIOTHOCTH M TEMIIEpATYpa rasza.

2.3.5.3. PeanbHbIn ras.

B ypaBHeHUHM COCTOSIHMS PEaJbHOrO ras3a, B OOILIEM Cilydae, YYUThIBAETCSI KOHEUHOCTh
o0bEMa MOJIEKYT M HX B3aUMOJEHCTBUE Ha pPACCTOSHUU, B pE3yJbTaTe 4YEro ypaBHEHHUE

COCTOSIHUS IpUOOpeTaeT BU:

rasa.

[P + 5}(“- —b)=RT
w : (2.3.5.2)

rac a u b - KOHCTAHThI, OIIPCACIIACMBIC IO 3HAYCHUAM KPUTHUYCCKUX ITapaMETPOB

2.3.5.4. YpaBHeHue BaH-gep-Baanbca.

VYpasuenue Ban-nep-Baansca umeer Bug (2.3.5.2), B koTopom

LT
a:ER‘ 2z
64~ P,
T
b lale
8 Pyt (23.53)

rne Ty, Pxp —KpUTHUECKHE TEMIIEpATypa U JaBJICHHE rasa.

2.3.5.5. YpaBHeHune Abens.

B YpaBHCHHUU Aoens YUYUTBIBACTCA TOJIBKO KOHCYHOCTDH 00BéMa MOJICKYJI, B PE3YyJIbTATC

yero ypaBHeHue (2.3.5.2) mpuobperaeT BUI;
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P(w—-b)=RT
a b ompenensercs Beipaxenuem (2.3.5.3).

2.3.5.6. YpaBHeHue Peaonuxa-KeoHra.

VYpaBuenue Pemnmuxa-KBonra mmeer Bupg (2.3.5.2), B KOTOPOM KOHCTaHTHl @ W b
ONPEIETSAIOTCS BBIPAKCHUSIMU

i |

T) 2
a=04278R*_*

L (2.3.5.3)

T}\'
b=0.0867 R 22
rp

rae  Twp, Pxp —KpUTHUYECKHE TEMIIEpATYpa M JABJICHUE ra3a.



55

2.3.6. Cbinyuyme cpeabl U rPYHTHI

IIpyn MozxenMpoOBaHUU MOBEJACHUS CHITYYHUX CPEA U T'PYHTOB MCIIOJB3YIOTCS CIEAYIOLINE
TUIOTE3bI U JOIYILCHHUS:
® TUIOTE3a CIUIOLUIHOCTH;
® TPYHT CUUTAETCS WUJCATbHBIM MaTEpUaANOM, KOTOPbIH BeAET ceOsi Kak JMHEHHO-
YIOPYrHi MaTrepuaig 0 HEKOTOPOrO HAIPSIKEHHOI'O COCTOSHUSA, IIPU KOTOPOM
HA4YMHAETCS CKOJIBKEHUE, PACCMATPUBAIOLLEECS KaK IIJIACTHYECKOE TEUCHHUE;
® KacaTeJIbHOE HAIIPSHKEHUE, BBI3BIBAIOLICE CKOJBXEHUE, 3aBUCUT OT CLEIUICHHUS,
ABJISIIOLIETOCS  XapaKTepUCTUKOW  Cpelbl, U HOPMaJIbHOIO [aBJIEHUA Ha
IIOBEPXHOCTHU CKOJIbKEHUS.
B mporpamme peann3oBaHbl U MOTYT OBITH HCIOJB30BaHBI JIBE TMIIOTE3BI MOBEICHHS
MaTepuaia, Hauboiiee pacpocTpaHEHHBIE HACTOALIEE BPEMs:
e runore3a Kynona-Mopa;
e runore3a pykkepa-Ilparrepa.
OcCHOBHOE OTJIMUME TUIOTE3 APYT OT Ipyra COCOUT B KPUTEPHAX IEepexoaa Marepuaia B
COCTOSIHHE TEKYUYECTH.
ITonpobHO rumore3bl paccMoTpeHbl B /44-46/ u np. Huke npuBeaeHbl OCHOBHBIC
3aBUCUMOCTH, UCIIOJIb30BAHHBIE B AJITOPUTMAX IPOIPAMMBI.

2.3.6.1. 'mnote3a Mopa-KynoHa

O606mmennoe nmpasuio Kymona —-Mopa MokeT OBITh 3aITUCaHO B CIICIYIOIIEM BH/IE

|r|:c—r:.ra.‘g¢:r
2

rae

T - KacaTelIbHOE HANpsHKCHUE Ha PaCCMATPUBACMOM TUTOMIAJIKE,

¢ — CIEIUICHHE, WIH yJIeIbHOE CIETUICHNE,

P - yron BHyTPEHHETO TPEHUS,

O - HOpMaJIbHOE HAIPSDKEHHE.

Bemuuuabel ¢ u P ABISIOTCS XapaKTEPUCTUKAMH CPEIbL.

I[To runote3e Kynona-mMopa nepexos B COCTOSIHUE TEUEHUS], WM CABUT CPEAbl HACTYIMAET
B CITyYae, KOT/Ia B pacCMaTpUBaeMON TOUYKE KacaTelbHOE HANPSHKEHUE JJOCTHTAET ONPeIeIEHHON
BEJIMYUHBI, OMpeAeNsieMOi JaBIEHHUEM U XapaKTepuCTUKaMu cpeabl. [Ipu sTOM, cocTosHHE,
KOraa KacaTCJIbHBIC HAMNPsSKCHUA MPCBBIMIAIOT ONPCACIACMBIC BBIPAXKCHUCM  BCIIMYHHBI
CUHUTAETCS HEPeaTH3yeMbIM.

I'paduuecku runoreza Kynona —Mopa npencrasiiena Ha p uc.2.3.6.1.
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P

F 3
L )

Q

o]

AS)
Q

Puc.2.3.6.1.I'pacmnyeckoe npencrasneHne rmnotesbl KynoHa —Mopa.
| — obnacTb YCTONYNBOrO COCTOSHNA.

W3 npuBeieHHOro BhIIIE BHIPAKEHUSI BUIAHO, YTO THIIOTE3a MPEANOIAraeT BO3MOXKHOCTh
COXpPaHEHHsI YIPYro COCTOSHUS CpeAbl TPU HEKOTOPBIX IOJIOKHUTEIBHBIX HOPMAaJIbHBIX
HaANPSDKEHUAX (OTpULIATENIbHBIX JABJICHUSAX ).

O6o006mennem runore3sl Mopa—KysoHa sBisieTcs ycIOBHE TEKYUECTH

S :“'rl"'le =k
MaTepI/IaJ'Ia;
J=0,+0,+0,=0_+0CG _ +0_

rac @ u  k — MONOXKUTEIHHEIE KOHCTAHTEI JJIsA Ka)KI[OI;'I TOYKH

- CyMMa TIJIaBHBIX HaNpsDKEHUN (mepBbIN

MHBapUaHT J€BUATOPA HANPSIKEHHUIA):
1 1 3 5 N 5 3 5
=38y = [\ Oy — 0, + (D-zz - O-n')‘ + G, —0. + Ty + T, + T
277 6 . . T - BTOpO#
HWHBAapUaHT ACBUATOpPA HaHpH)KeHHﬁ:
KOMHOHeHTI)I )ICBI/IaTopa HaHpHX(eHI/If/i OHpe]Ier[IOTCﬂ BBIan(eHI/IeM
1
5, =0, —=J,5;
ij ij 3 ij

2

rae s — cUMBOI Kponexkepa, paBublii Hymo npu * 7/ u exunune npu ' =7/ .

I/IJ'II/I, NepexXoas K I'NIaBHBIM HAIIPAKCHUAM MOKHO 3aIlIUCATh

o= %(crl +o40;)
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2.3.6.2. 'vnoTtesa [Opykkepa-lparepa

VYcnosue Mopa — KyiloHa He HCKIIFOYaeT BO3MOYKHOCTH CYIIECTBOBAHMS YMEPEHHOMN
BCJIMYHHBI PACTSXKCHUA. Ecan npeaAnojaracTcsa, 4To rpyHT HE MOXKET BBIACPKUBATL PACTXKCHUA
abCOJIIOTHO, YCJIOBHE TEKYyYeCTH M3MEHSETCsl TakuM 00pa3oM, YTOObl OHO YYMTHIBAIO 3Ty
OCOOCHHOCTh. JTa THIIOTE3a SBISICTCS OCHOBHOW st  kputepusi Jpykkepa-Ilparepa,
ONPEIEIAEMOT0 BbIPAKEHUEM:

—Cczr=c—0gQ

I'paduuecku runoresa Jpykkepa-Ilparepa npeacrasnena Ha puc.2.3.6.2.

45192
T
R, Puc.2.3.6.2.M'padpmueckoe
A c npeacTaBneHune rmnoTesbl
Opykkepa—[lparepa. | — obnactb

yCTOIZ‘-I MBOIo COCTOAHUA.

R

:

2.3.6.3. lMapameTpbl COCTOSAHUSA rPyHTA

B cocrosiHne rpyHTa XapakTepHu3yeTcs CIECAYOUUMU TapaMeTPAMMU:

1. KoMmnoHeHTbI HanpsbkeHUH {s} = {Sxx , Syy , Szz , by , bz , bz} B II00aTbHON
1 JIOKAJIbHOW CHCTEMAaX KOOPJIMHAT JJIEMEHTA.
2. Komnonents! nepopmanuit {e} = {exx , €y , €z , &y , &z , ez B
JI00ATHHOM U JIOKAJIBHOM CHCTEMaX KOOPAMHAT dJIEMEHTA.
3. OKBHUBAJCHTHbIE  HANpsDKEHUs  (MHTEHCHBHOCTb  HANpsDKEHUM,  TJIaBHbIE
HaNpsHKEHUs, CPETHUE HATIPSHKEHUS).
4. Kpurepuii Museca-1lneiixepa — OTHOLIEHWE WHTEHCUBHOCTH HAIPSDKEHHH K
CpPEIHEMY HaIIPSIKEHUIO.
5. Kpurepuii ycTOMUNBOCTH I'PyHTA Sy — OTHOLIEHHE AEUCTBUTEIBHOIO 3HAUECHHUS
KpUTEPHUS [IEPEX0/1a B COCTOSTHUE TEUEHUS K IIPEJCIbHOMY
|
S =—1
N c—oige

O4eBHIHO, YTO BEIMYMHA KPUTEPUS B YCTOMUYMBOM COCTOSIHUM JOJDKHA OBITH MEHBIIE
€ IUHUIIEL.
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2.4. MNornoweHwe aHepruu

B nporpamme peanuzoBaHbl CIEAYIOIIME CIOCOOBI Y4E€Ta MOTEPb OJHEPrHH MpU
JUHAMHYECKHUX IIPOLECCAX.

Kosgppuyuenmot oemngpupoeanus o« w [, 0000MEHHO XapaKTEPUIYIONINE BHEIITHUE
U BHYTPEHHHUE IOTEPU PHEPTUU COOTBETCTBEHHO. [Ipu 3amanum BenuuuH 3TUX K03 duimeHToB
B YpaBHCHHE pABHOBECHS BKIIOYACTCS MaTpulla JIeMII(UPOBAHUS C, omnpexnensemMas
BBIpaXXCHHEM

C=a M+ BK .

[Ipu pacuére mapameTpoB MEPEXOJHBIX MPOIECCOB 3aJalOTCS KOHKPETHBIE 3HAUCHUS
ko3 dunueHToB o u [ .

IIpn pacuére aMIUIUTY[ BBIHYKIEHHBIX KoOJeOaHUN KOI(PPUIMEHTHI MOTIOMICHUS
SHEPruu MOTYT OBITh MHPEJCTaBICHBI B BHUAE (PYHKIMI YaCTOTH BBIHYXKJAIOWIEH CHIBI U
OTIPENIETISIOTCS BBIPAKCHUSIMU

a =+ aw + aw

u

p= Bo+ Brwr + Bawi.

Kosdbduuuentet o u f; (i=0, 1, 2) 3agarorcs B UCXOAHBIX TAHHBIX.
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2.5. MeToabl pelweHnss CUCTEMbI IMHENHbIX anredpanyecknx ypaBHeHUN

B mporpamme peann3oBaHbl BO3MOXKHOCTH HCIIOJIB30BAHMS CJICAYIOIIUX METOOB
pEILICHUs CUCTEM JIMHEHHBIX areOpandyeckux ypaBHEHUI:

. [Ipsamoit meTon;
. MOJU(UIIMPOBAHHBIA METO/ CONPSKEHHBIX IpaaneHToB (MCI).
. KOMOHMHUPOBaHHbBIN METO.

[TpsaMoif METO MOXKET pealn30BBIBATHCS HA OCHOBE MPSIMOTO METOJ]a IepEeHyMEepaluu 1
¢ ucnonp3oBanueM meroaa Karxumna-Maku. [Ipu 3ToM B KauecTBe anmapaTHBIX CPEJICTB MOTYT
HCIIOJIb30BaThCS OJHOSJIEPHBIE, MHOTOSIIEPHBIE IPOLIECCOPBI, @ TAKXKE PECYPChl BUJIEOKapT.
[Iporpamma obecnieunBaeT 3(h(PpekTUBHOE pacapaieIMBaHUE BHIYUCICHUH.

Metox pemieHus BBIOMpAeTCss B 3aBUCHMOCTH OT KOHQHTrypamuu OOOpyIOBaHUSA U
ocobeHHocTeil 3agaun. Tak, mpsMoil MeToa TpedyeT B HECKOJIBKO pa3 MEHbIIE ONEpaTUBHOI
namsITH W oOecleyrMBaeT MEHBIIME BpPEMEHHBIC 3aTpaThl Ha pEHICHHWE 3a/a4, a TaKKke
BO3MOXXHOCTh HCHOJb30BaHUsl kEcTkoro jgucka. Merox Karxumna-Maku obecnieunBaer
s dekTrBHOE HCTIONB30BaHUE pecypcoB Buaeokapt (GPU), HO 3a1aua MOKET peraTbesi TOJIBKO
B omnepaTuBHOI mamsatu. B tabnuue 2.4.1 mpeacTaBiieHbl pe3ynbTaThl pelIeHHs TECTOBBIX 3a7ad,
MPECTaBICHHbIX Ha puc.2.4.1, W3 KOTOPHIX BHIHO, 4YTO Hambosnee 3(QeKTHBHO 3amayn
peliaTcs C HCIOJIb30BAHHEM PECYpPCOB BHUIACOKAPT, MPH OSTOM XOPOIIHE pPe3yIbTaThl
MIOJTYyYarOTCs U1l MOJIeNIe BRITSAHYTOU (hopMbl. [1pu uconbp30BaHum mpoueccopoB dPPeKTHBHEES
MPSAMOU METOJ.

MerTton peleHus yKa3blBaeTcs M0JIb30BATEIEM B 3allMCH ¢ aTpuOyTaMu peleHus 3aau.

B tabmuue 2.4.1 mpuBeneHo cpaBHEHHE TpeOyeMBIX PECypCOB IJIsl PAa3IMYHBIX 3ajad,
COOTBETCTBYIOIIME MOJENHU ISl KOTOPBIX MpecTaBieHbl Ha puc.2.4.1. PacuéTel BBIMOIHEHBI HA
4-x spepHom mnpoueccope Intel 3,5 I'rn u Buneokapre Nvidia geforce gtx-480.

Tabnuya 2.4.1
Tpebyemvbie pecypcol 015t pewieHust mecmosvix 3a0ay

Ne | HaumernoBaHwue Yucno Bpewms npuBeneHus K Tp. BUAY/ Tpebyemsrit 00bEM mamsTa (K)/
n/n | 3a1adu y3710B/ ol1ee BpeMsl pelieHus YHCIIO TOMATPHIL
HEN3BECTHBIX psamoit | Karxumn- | GPU IIpsmoit Karxunn-Maku,
Maxku GPU
1 Ky6 31x31x31 29971 41,36 125,97 11,79 771840 2238800
(3amaua Byccunecka) | 89913 44,19 128,95 14,96 9880455 28656988
2 IMnactuna 151x301 45451 12,64 36,13 8,96 558880 2510400
272706 16,13 43,15 16,44 7153925 32133246
3 Kopmyc peaktopa 32405 18,88 53,26 7,32 507120 1498160
97215 21,41 55,52 9,16 6491677 19177002
4 dnannesoe 67248 287,88 17423 270,41 2589680 10839700
COCIMHEHHUE 201744 292,14 1752.,4 1556,13 33148389 138750189
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Puc.2.4.1. TecTtoBble 3agayn.

a - ky6 31x31x31 (3agaya byccuHecka),
6 - NnactnHa 151x301 y3nos,

8 - Koprnyc peakTopa,

2 - hnaHueBoe coeMHEHNeE.

MCT moxer ObITh 3((EKTUBHBIM JUIsI OONBIIMX M (MJIM) MHOTOCBSA3HBIX 3aaad. Jlis
WJUTIOCTpAIK Ha puc.2.4.2. mpeIcTaBleHbl n300pakeHus: MoJieneil, a B Tadsuie 2.4.2. BpemMeHa
u Tpebyemble 00BEMBI omepaTMBHON mamsTu. V3 mpeacTaBleHHBIX AAHHBIX BUIHO, 4TO JJIS
MojieJe BBITAHYTOM (OpMBbI, MO3BOJSIONIEH 3()(PEKTUBHO NEpeHyMepoBaTh Y3Jbl, HPSIMOMN
METO/I OKa3bIBaeTcsi NpeArnodtuTenpHee. Bo BTOpoM ciyyae MOAM(UIIMPOBAHHBIA METO[
CONPSDKEHHBIX TpanueHToB 3¢ dekTuBHee. OAHAKO 3TOT METOJ| MHOT/Ia MEUIEHHO CXOJUTCH,
0COOEHHO TSI CHCTEM, HMEIOIIMM B y3JIaX CTETIeHH CBOOOIBI C YTIIOBBIMH ITepeMenIeHusIMU. J{iist
ypaBHeHus Temonepenaud  MCIT  UCKIIOUMTENBHO YCTOHMYMB, TIO3TOMY B IporpamMme
UCTIONB3YEeTCS 10 YMOJMYaHUIo. [Ipm HEOOXOTUMOCTH HCIOJB30BAaHUS MPSIMBIX METOJOB ATO
HE00X0/IMMO yKa3aTbh B aTpuOyTax 3aayH.
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Tabnuya 2.4.2

Tpebyemvie pecypcwi 015 peutenus mecmosvix 3a0au

No HanmenoBanue 3agauu Ywucro Ob6mee BpeMs TpeOGyembrit 00BEM
/o HEM3BECTHBIX peleHus, C namsitu, K

[Ipsimoit MCTI' [Ipsimoit MCT'

1 DIeMeHT TennonpoBoJHOCTH 21233 3,931 0,328 9731 44
apMaTyphbl JIuHeliHas craTuka 63666 42332 ¢ 12942 ¢ 395440 12000

2 Kppimka TermnonpoBoIHOCTh 24102 8.751 0.561 1100 48
pe3epByapa Jluneiinas cratuka 72306 14.692 24.625 236160 20640

3 Ky6 40x40x40 TemnonpoBoIHOCTh 68921 91,37 1.285 2399 140
Jlunelinas ctatuka 206763 593,75 8.478 2525840 71840

4 daaunmesoe TerronpoBoIHOCTH 67248 38.392 0.858 2285 136
COCIMHECHUE JIuneiinas cratuka 201744 274,67 3.510 2589920 69200

Puc. 2.4.2. 3atpaTbl BpeMEHU Ha peLleHne 3aaau.
TecToBble 3aayn: a — ANeMeHT apmaTypbl, 6 — KpbillKa pe3epByapa, 8 — Kyb,
Harpy>XeHHbI TeMnepaTypHbIMU Harpyskamu, 2 - oraHueBoe CoeIHEHME.
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Komounuposannwtii memoo (KM) npencrasisier coboil koMOnHanuio Meroaa ['aycca u
MCIT'. 3nech npeaBapuTeIbHO UCKIIIOYAIOTCS CTPOKU YPaBHEHUS, 3aMEIUISIIOIINE CXOAUMOCTh
MCI'. VYcraHOBIE€HO, 4YTO TAaKMUMH CTPOKAMH SIBIISIFOTCS CTPOKH, COOTBETCTBYIOIIWE
MAaJIOCBSI3HBIM y3JIaM, MOJATIMBBIM YacTAM MOJEINIH, a TAaKKe, 4acTO, CTPOKHU Y3JIOB C IIECThIO
creneHsMu cBoOoabl. s Meroga HEoOXOoAMMO KakKMM-THOO o00pa3oM yKa3aThb  Y3JIbl,
MOJJIekKAIIUE TPEABAPUTEIIBHOMY HCKIIOYEHHUIO. 3JeCh BO3MOXHBI JiBa Ccroco0a — 3aJaTh
napamMeTp HCKIIoYeHHUs (3amaércss B aTpuOyTax) WM yKa3aTh 3TH Y3JIbl HEMOCPEICTBEHHO
(Yka3bpIBaeTcs CrielUaibHOM KOMaHJI0M pelakTopa).

[TapameTp HCKJIIOYEHUS, ITO YUCIIO, KOTOPOE MPH 3HAYCHUU 6 MHTEPIPETUPYETCS, Kak
TpeOOBaHNE UCKIIOYEHUSI BCEX CTPOK, COOTBETCTBYIOIIUX Yy3JIaM C YIJIOBBIMH MEPEMEIICHUSMU.
ITpu 3nauenusax 10 30 HO HE paBHOM 6 - KaK CBSI3HOCTh HCKIIFOYAEMbBIX y3JIOB.

[Tox CBSA3HOCTHIO MOHUMAETCSL YUCIIO Y3JI0B, C KOTOPBIMU CBSI3aH y3€J 4epe3 CMEKHbBIC
anemeHThl. Ha pucynke 2.4.3a moka3aH (parMeHT peryisipHONl CeTKH IUIaCTUH, U3 KOTOPOTO
BUJIHO, YTO CBSI3HOCTh TaKOro y3ija paBHa 9. Takum oOpa3oM, CBS3HOCTH ciiosi 00bEMHBIX KO
Oyznet paBHa 18, AByX clIO€B OOBEMHBIX JIEMEHTOB — B CpPEeIHUX y3iax 27, a B KpailHux — 18.
DT 0COOCHHOCTH ITO3BOJISIFOT BBIICIIUTH MAJOCBS3HBIC Y3IIbI PETYISIPHBIX CETOK Ha OCHOBE
aHaJM3a TOMOJIOTUH, IPU YKa3aHHH COOTBETCTBYIOUIETO MapaMeTpa UCKIIOUCHHUS.

Puc. 2.4.3. CBA3HOCTb y3r0B pPerynsipHbIX CETOK:
a — nnactuHbl, 6 — OAMH CNon O6BLEMHbBIX 3IEMEHTOB, 8 - ABa Cros
O0OBHEMHbIX 3N1EMEHTOB.

3HaueHus napaMerpa MCKIIoYeHus Bblme 30 MHTEPNPETUPYIOTCS KaK YUCIO CTPOK,
KOTOpBIE, HAUWHas C TIEPBOM, MPOCTO MCKIIIOYAETCS.

B tabmuue 2.4.3. mnpuBeneHbl pe3yNbTaThl, NOTYYE€HHbIE Pa3IMYHBIMU METOJAMM JJIs
CTEpKHEBOM CHCTEMBI, IPECTaBIEHHON Ha pucyHKe 2.4.4. B 7Tol cucTeMe KaKIblii CTEpKEHb
pa3ouT Ha 5 371€MEHTOB MO JJIUHE.

HMeHHO 3TH y371bl, UMES CBA3HOCTH 3, 3aMEJISIOT CXOJUMOCTh METO/1a CONPSKEHHBIX
rpagueHToB. BuaHo, uro mpu wucnonb3zoBaHuu KM ¢ mapameTpoM HUCKIHOYEHHS 3 pe3Ko
YMEHBILAETCS YUCIIO UTEPALIUNA U BPEMsI pEIICHNUS.

Jlanee mpencTaBiieHbl €I HECKOJbKO NMPUMEPOB, U HIUTIOCTPUPYIOUINX OCOOEHHOCTH
UCIIOJIb30BaHUS METO/1A.

Ha puc.2.47a npencraBieHa MOAENb COCyAa C TOJCTBIMM JHHUIIAMHU M TOHKUMU
cteHKkaMu. CTeHKH pa3OuTHI 110 TOJIIIMHE HA 2 AJIEMEHTA, U 3/1eCh BO3MOXKHO UX BBIJIEJICHUE NTPU
yKa3aHUM HapameTpa UCKIoueHust paBHOM 28. B tabnune 2.4.6 npencTaBieHbl CpaBHUTEIbHbIE
pe3yJbTaThl PEelIeHUs 3aJauu.



Ne Meron
n/m perieHus
1 l"aycca
2 MCT

KM
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Tpebyemvlie pecypcol 0715 peuteHus 3a0a4u paciéma CmepIHCHEGOl CUCeMbl

Bpewms pemenus, ¢

OO0mee

0,65
5,68
0,39
0,44
0,21

TpeOyembliit  Yucino

CHCTEMEL 00BEM uTepa-
JIAY nallx\a/lﬁgn, Ui
0,63 8,7 -

5,6 3,3 8980
0,37 3,5 380
0,40 3.8 1420
0,19 131 380

Tabnuya 2.4.3
3HaueHue Yucmao
nmapamMeTpa  HCKIOYa-

HUCKIIIOUCHUSA CMBIX CTPOK

- 8748
- 0
8080
6 8110
12 8694

Tabnuya 2.4.4

Tpebyemvie pecypcul 0151 peuieHus 3a0adu paciéma mooenu u3z 0ovémnvlx KO u niacmun

Ne Merton
/T penieHus
1 l'aycca

2 MCTI'
KM
Ne Meton
n/n peleHus
1 I'aycca
2 MCT
3 KM

Bpewms pemenus, ¢

OO0mee

56,72
8,44
2,53
3,45
3,63
18,74

CHCTEMEL 00BEM uTepa-
TTAY MMaMSTH, 1107071
M6
55,57 1647 -
7,847 39 1740
1,39 90 380
2,28 115 380
2,44 131 380
17,57 161 2100

TpebOyemsbiit Yucno

3Hauenne Yucao
napamMeTpa  HMCKJIKOYa-
HNCKIIFOUCHHUS CMBIX CTpOK

- 39679
- 0
10 9800
6 9984
12 10148
10000 10000

Tabnuya 2.4.5

Tpebyemule pecypcol 0151 peuteHus 3a0ayu pacuyéma mMooenu KpOHumeuHa

Bpewms pemenus, ¢

Oobiee

81,82
65,57
34,70
72,77

CreTeMbI 00BEM uTepa-
J'[AY Hall\\/I/If{gI/I, 85041
80,17 1647 -
64,97 87 6380
33,90 482 2880
70,84 732 4540

TpebOyemsbrii  Ywucino

3HaueHne Yucio
napameTpa  HMCKJIO4Ya-
HNCKIIFOUCHUSA CMBIX CTpOK

- 98784
10 78170
50000 50000
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Puc.2.4.4. CtepxHeBasi MOgenb.
4374 y3noB, 5045 cTepXHEBbIX 31IEMEHTOB.
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Puc 2.4.5. Kyb Ha kopobe.
27000 0OBbEMHBIX 3N1IEMEHTOB

4896 nnacTuH.

k

34687 yanos

Puc 2.4.6. KpoHwiTenH
161 cTepxeHb, 6388 06bEMHLIX anemeHToB, 47108 nnacTuH.

52914 yanos
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Tabnuya 2.4.6
Tpebyemvle pecypcwl 015 peulerus 3a0a4u paciéma mooenu cocyod

No Meron Bpewms pemenus, ¢ TpeOyemsrii | Ywucio 3HayeHue Yucno
/Tl | pelIeHUs 00BEM uTepanui | mapaMmerpa | MCKJIKOYa-
Oo6ee CucreMsl naMsTHu, HUCKIIIOUYCHUS €MBIX
JIAY M6 CTPOK
1 ["aycc 38,2 37,5 1094 - - 39025
2 MCT' 24,6 23.9 48,6 5400 - -
3 KM 3,84 3,1 131,1 700 29 10103

Puc 2.4.7. Cocyn
39025 y3noe, 33280 06 bEMHbLIX 3NIEMEHTOB.

B Tex cimyuasix, Korna He MpeACTaBIIsAeTCs BO3MOKHBIM BBIIEIUTH MOJATIIUBBIE Y3JIbl U3
aHaJn3a TOMOJIOTHH, UX MOKHO yKa3aTh HemocpeacTBeHHO. Ha puc.2.4.8a npencraBieHa MoIeib
pe3epByapa C TOJICTBIMM JIHUIIAMH U TOHKUMU CTeHKaMu. [Ipu 3TOM 04eBHIHO, YTO MOJATIUBBIE
cTeHKu OynyT 3ameiath cxoauMmocTb MCI'. Ilpu 3ToM cTeHKkH pa3OuThl Ha 4 3JIEMEHTa, YTO He
JA€T BO3MOXKHOCTH TOIOJOIMYECKOIO HUX BBIACIEHUS U1 HCKIOYeHus. B 3TtoMm ciydae
11€J1eCO00Pa3HO BBLACTUTH Y3JIbl, COOTBETCTBYIOIINE TOHKUM cTeHKa (puc.2.4.86), n ykazaTh UX
Kak HcKiIrouaemble. B Tabmune 2.4.6 mpeacTaBieHbl pe3yibTaThl PEUICHHUs 3aJaud MPSMbIM
meTtogoM, MCI' u KM 1nipu HenmocpencTBEHHOM BbIIEICHUH Y3JI0B. DTOT COC00 1enecoodpa3Ho
WCIIOJIb30BaTh M JUISl MOZENEH M3 TETPa’ApoB, A€ TOMOJIOTMYECKMM aHaIU3 INPAKTUYECKU
HEBO3MOKEH.
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Tabnuya 2.4.7

Tpebyembie pecypcol 015 pewieHuss 3a0a4u paciéma Mooeiu pe3epeyapa
Meron Bpewms pemienus, ¢ TpeOyembrit Yucno Yucno
/o pelieHus 00bEM UTEpallUi | MCKIIOYa-
OO01ee CucreMmsl TaMSITH, €MBIX
JAY Mo CTPOK
I"aycc 38,2 36,7 987 - 40500
MCI' 28,2 27,1 57,9 4840 -
KM 11,9 10,8 432,6 1200 19110

Puc 2.4.8. Pesepsyap
BblAerieHne y3rioB, NoAnexalumx UCKIIYEHNo.

40500 yanoB, 45064 06bEMHbIX 3r1EMEHTA.

a — obwwun Bug moaenu, 6 -

IIpoctoe ykasaHue Yucaa HCKIIOYAEMBIX Y3J0B IPUBOAUT K HE3HAYUTEIBHOMY
COKpaIllEeHUIO BpeMeHH cuéTta 1 TpedyeMoro oobEéMa onepatuBHOM maMsatu. Tak, 11 nocneaHei
3a/la4M IpU yKa3aHUW 4Yncia UCKiIrodaeMbix cTpok 35000 momydeHo Bpems cuéra 35,6 ¢ u

TpeOyeMblii 00bEM mamsT — 829 M6.
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3. buonuorteka anemMeHTOB

B nanHoM paszene KpaTko onucaHbl KOHEUHBIE 3JIEMEHTHI, pEalIi30BaHHbIE B IPOTPaMME.
TeopeTnueckre BOMPOCH TOCTPOSHUS MATEMAaTHYECKHX MOJETCH JJIEMEHTOB M CIIOCOOBI
3aJIaHus TPAHUYHBIX YCIOBUH JOCTATOYHO MOAPOOHO M3JI0KEHKI B padoTax / 1 - 7, 21 u ap/.

Cnenyer uMeTh BBHJY, YTO B OIMCBIBAEMON MpoTrpaMMe TNEPEMEIICHHUS BCEX
NEPEYUCIICHHBIX Jlajiee MPOCTPAHCTBEHHBIX DJIEMEHTOB IpU PEIICHUU 3aJadyd pacuera
JTUHAMHUYECKUX TEPEXOJHBIX IPOLECCOB U CTATHUYECKUX MPHU H3MEHSIONIMXCS BO BpPEMEHU
napaMerpax MOTYT paccMaTpUBAThCS KaK CyMMa OOJIbIIMX KHUHEMaTHYECKHX NEepeMEelIeHU U
nedopmaruii /21/.

Jlis  5JeMeHTOB, mapaMeTpaMH COCTOSIHMSI KOTOPBIX — SIBJISIIOTCS  KOMIIOHEHTBI
HaIpsKEHUH, B KAUE€CTBE SKBUBAJICHTHBIX HAMPSIKEHUM MOTYT OBITh BBIYMCIICHBI U BHIBE/ICHBI:

- TJIaBHBIC HAIIpsDKCHUA O1 , O2 H O3,

i ) , :
G, = 5[(‘31 — 0, )ﬁ + (G: - G;)‘ + (‘33 — G )*] - HHTCHCUBHOCTD HAIPSOKCHUIA,

1

T = (Gl — G0 3) -HanOOJIbIINE KacaTeIbHbIC HAMPSIKCHNUS,

ma.x_E

6, =6,-6,, 6;=6,-06G;, 06,;=6,—-6;,

- Pa3HOCTHU I''IaBHBIX HaHpﬂ)KeHI/Iﬁ

3.1. O6beMHble KOHEeYHbIe 3NIeMEHTbI

CocrosiHMEe KOHEYHOTO D3JIEMEHTAa KaK ydacTKa CIUIOIIHOW Cpebl OIMUCHIBACTCS
KOMITOHEHTaMH TeH30pa HaNPSHKEHHUI Ha OCH JIOKATBHON & ={0x , Oy , Oz , Gy , Gz , Tz} H
rnobansHoil ¢ ={0oxx , Oyy , Ozz , xy , Txz , Tyzj CHCTeM KoopauHar. TpeOyemsle mis
BbIBOJZIa BCJIMUMHBI YKA3bIBAKOTCA IMOJIB30BATCIICM.

Boruriciienne HanpsoKeHH#E OCYINECTBISIETCS B TJI00aNbHOW W JIOKATBHON CHCTeMax
KoopauHaT. JIokanbHas CHCTeMa KOOPIUHAT MCIIOJIB3YEeTCs /Il apMUPOBAHHBIX 3JIEMEHTOB TPH
OpPHEHTAlMH apMaTypbl B JIOKaJbHOW CHCTEME KOOPIMHAT, WM I YacTHBIX (Hampumep,
CUMMETPHYHBIX OTHOCHTEJIBHO oOcei) 3amau. HanpsbkeHus B apmarype OINpeaesioTcs B
JIOKaJIbHON CHCTEME KOOPIMHAT JJICMEHTA.

I[J'If[ BBIYUCIICHUSA MAaTpull KCECTKOCTU HW MHHCPOHUH DJICMCHTOB I[aHHOfI TPYIIIbI
HEOOXOMMMO 3a/aTh MEXaHMUYECKHWE CBOWCTBA Marepuaia, a Juid pelieHUs  3aaa4
pacrpoCTpaHEHHS TEIJIa — €r0 TEIUIOEMKOCTh M TETUTOMPOBOIHOCTb.

Marepuai 35ieMeHTa MOKET OBITh H30TPOITHBIM, aHU30TPOIHBIM HJIH OPTOTPOITHBIM. JIist
AQHM30TPOITHOTO W OPTOTPOITHOTO MaTepuaia HampaBieHus AeGopMaiuii COOTBETCTBYIOT
HAIPaBJICHUSAM OCEH JIOKaJIbHON CHCTEMbBI KOOPIMHAT 3JIEMCHTA.

21.]'[5{ APMHUPOBAHHBIX 3JIEMCHTOB COCTOAHUC HAIIOJHHUTEIIA OIMMCBIBACTCA KakK CIUIOIITHOU
Cpellbl, a COCTOSIHME apMaTypbl B COOTBETCTBHE C 3aJlaHHBIM CIHOCOOOM OPHEHTAIIMH MOXET
OIMUCBIBATHCA HOPMAJIBHBIMH HAIPSXKCHUAMHA B IMPOCKIUAX Ha OCHU ri100aJIbHON WM JIOKAJIBHON
cuctem koopauHatr ( @ ={oxx, oyy, oz} u @ ={0Gw, 0y, 0} COOTBETCTBEHHO ).

OCOOEHHOCTBIO pean3allii AJIEMEHTOB A3TOH TPYIbI B ONKCHIBAEMOW MpPOrpaMme
SIBIISICTCST  BO3MOXKHOCTh JKECTKOM CBSI3M C O3JEMEHTaMH, HMEIOIIMMHU [0 INECTh CTeNeHen
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CBOOOIBI B y3JI€, a TAK)KE 33aJJaHUS KECTKOTO 3aKPEIUICHUs B y3Jie. B 9TUX ciydasix Ui sieMeHTa
BBINOJIHAETCSL IIE€PEeX0J] B y3Je OT TpexX K WIECTH CTENEeHsIM CBOOOJBI IIyTEM 3aMEHbI
(moscTaHOBKM) mepeMenieHnid. B y3nmax snemMeHTa Takke B KAaueCTBE HArpy3oK MOTYT OBITh
IIPUJIOKEHBI MOMEHTBI, @ B KauecTBe KHHEMAaTHYECKUX TIPAHUYHBIX YCIOBUI YIJIOBbIE
nepemenieHus. [Ipocredmuii npuMmep, WUIIOCTPUPYIOIIMI 3TO CBOWCTBO, IIPEACTABICH Ha
puc.3.1.1., rae kx KyOMKy W3 OOBEMHBIX DSJIEMEHTOB IpucoeauHeHa Oanka. K koHmy Oanku
NPUJIOKEHA TIONEpeyHas CHjla , a KyOMK JKeCTKO 3aKpeIuleH B JBYX TOYKax, T.. B HHX
3aIlpeleHbl IepeMELeHHs U YIJIbl [IOBOPOTA BO BCEX HAIpaBleHUsIX. Takas 3a1a4a Npu JaHHOU
peanu3aiuu 31eMeHTa MoxeT ObITh periena (Puc. 3.1.26). [Ipu 3TOoM ciiegyer uMeTh BBHILY, YTO
C 3JIEeMEHTaMHU, UIMEIOLUMH 110 TPU CTETIEHU CBOOOBI B Y3JI€ JIEMEHT CBA3bIBACTCS IIAPHUPHO.

&)

Puc. 3.1.1. K Bonpocy 06 0COBeHHOCTSX coeAuHEeHUsI OOBbEMHOro KOHEeYHOro
afleMeHTa C J3neMeHTaMn Apyrux TUMOB: a - pacyeTHasi CXema; 6 -
AedopMaunoHHble nepeMeLleHns; 1-Harpyxarowasa cuna; 2-6anka; 3-kyouk ms
OOBbEMHbBIX 3MIEMEHTOB; 4-)XECTKO 3aKpensieHHble TOYKW; 5-gedopmmupoBaHHOE
COCTOSIHUE.

OOBbEMHBIE AIIEMEHTBI, COCTOSIINE U3 KUJIKOCTH, CONPOTUBISAIOTCA TOJIBKO U3MEHEHUIO

00BbEMa (CKATHIO), U UX HANPSHKEHHOE COCTOSIHUE OMMCHIBAETCS BHYTPEHHUM JaBICHUEM
P = Exé&,

Tae

Ec - 00bEMHBIN MOAYIb YIPYTOCTH KUIKOCTH,

& - OTHOCUTEIIbHOE U3MEHEHHE 00bEMa B pacCMaTpUBAEMON TOUKE.

[Tpu oTtoOpaXkeHUH HaNpsDKEHUI B 3lleMeHTe B rpaduyeckoM peXuMe IPaHd 3JIEMEHTOB
nenarcs Ha o0JacTH, B KOTOPHIX OTOOpa)kaeMble HAIPsDKEHUsI HAaxXOJSATCS B OMNPEENIEHHBIX
HMHTEpBajlaX, U OKPalIUBaIOTCS COOTBETCTBYIOIIUM YPOBHIO HAIIPSIKECHUH [[BETOM.

3.1.1. O6BbEMHbLIN BOCbMUY35I0BOU 3JIEMEHT

Jns  MonenupoBaHMsI  3JIEMEHTOB  KOHCTPYKIMHM,  HCHBITHIBAIOIIMX  OOBEMHOE
HaNpsHKEeHHO-Ie(OPMUPOBAHHOE  COCTOSIHME U (MIM) YYacTBYIOIIMX B  Ipolieccax
pacnpocTpaHeHHs TeIula B MporpaMMe peainn3oBaH 00beMHBIM KD ¢ BOCbMbBIO y31aMu-reKkcasp
(puc. 3.1.1a), KOTOpHBIHA, TP HEOOXOJUMOCTH, MOXKET BBIPOXKIATHCS B AJIEMEHTHI ¢ MEHBIIUM
gucioM y3ioB (puc.3.1.1.6-1.).
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<

ik i=j=k=l
Puc.3.1.2. O6beMHbIV KOHEYHbIN 3MeMeHT: a - 3NIeEMEHT U ero rokarnbHagd
cucteMa KoopauHar; 6, 8, 2 -BblpOXAEHHbIE 3NIEMEHTDI.

DneMeHT uMeeT JTMHeHHble PyHKIUH (GOPMBI U TPU CTETIEHH CBOOOIBI B KaXKIOM y3Ji€ B
BUJIC MPOEKIMH NepeMeIIeHnH y3JI0B Ha OcU cucTeMbl koopauHaT. IlogpoOHo paccmoTpeH B /1,
4, 7,19 u np./. KD maHHOro THIa ONUCHIBACTCS HOMEPAMHU Y3JIOBBIX TOYEK, B TOPSAKE UX
JIOKaJIbHOW HyMepauuu - i, j, k, I, m, n, o, p.

Hauvano sokanbHON cucTeMbl KOOPAMHAT JISKUT B LIEHTpE (HA NEPECEYEHUH 1UaroHanei)
I'PaHy mAnop, OCh OX NPOXOJUT Yepe3 LIEHTp Irpanu ijkl, a HIEHTp rpaHu jrok NEXUT B INIOCKOCTH
X0y.

Puc. 3.1.2. uumoctpupyer, Takxke, rpadpuueckoe n300pakeHue IeMEHTa IPOrpaMMoil.

3.1.2. O6bEMHBLIN ABaALATUY3NOBOMN 3NIEMEHT

JUis  MOJENUpOBaHMsS  3JEMEHTOB  KOHCTPYKLIMH,  HCHBITHIBAIOIIUX  O0OBEMHOE
HaNpsSHKCHHO-IeOPMHUPOBAHHOE  COCTOSIHME W (WJIM) YYacTBYIOIIMX B IpoIeccax
pacrpocTpaHeHMs Tella B IporpamMme peaian3oBaH oObeMHBIH KD ¢ aBagnareio y3namu-
rekcadp (puc. 3.1.3a), KOTOPBINA, NMPU HEOOXOIUMOCTH, MOKET BBIPOXKAATHCS B DJIEMEHTHI C
MEHBILIUM YUCIIOM y3510B (puc.3.1.3.6-B.).

5) i5
14
B) 3 '
io
20
3 19
--# N
18

Punc.3.1.3. O6beMHbIn ABaaLaTUY3M0BON KOHEYHbIN AIEMEHT: a - ANIEMEHT U ero
nokanbHasa cuctema KoopAauHaT; 6, 8, 2 -BbIPOXXAEHHbIE 3M1EMEHTDI.

DneMeHT uMeeT KBaJapaTHuHble QYHKIMHU (OPMBI U TpU CTENEHH CBOOOIBI B KaXkKIOM
y37€ B BHJIE€ TPOCSKIMI TepeMeIIeHu y3JI0B Ha OCH CHCTeMbl KoopawHaT. [loapoOHO
pacemotper B /1,4, 7, 19 u ap./. KD maHHOrO THIa OMHICHIBAETCS HOMEPAMU Y3JIOBBIX TOYEK, B
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MOpsIIKE MX JIOKAIbHOW HyMepaluu, MOoKa3aHHOW Ha pucyHke. Puc. 3.1.3. wimoctpupyer,
TaKke, rpaduIecKoe N300pKEHHUE PJIEMEHTA IIPOTrPAMMO.

Hauano nokanbHON cHCTEMbl KOOPAWHAT JISKUT B LIEHTPE TPaHU, OTPAHUYEHHON y31aMu
¢ 13 mo 20, ocb 0X MPOXOJIUT Yepe3 LIEHTP I'paHu, OrPaHUYECHHOM y3i1aMu ¢ 1 mo §, a HeHTp
rpaHu, orpaHudeHHol yznamu 1-10-14-15-16-11-5-4,1€XUT B IIIOCKOCTH X0y.

Cnoco6 oroopaxkenus JICK KO npencrasien Ha puc. 3.1.4.

Z

Puc. 3.1.4.0pueHTauusa n otobpaxxeHne nokanbHOM cuctemMbl koopamHat K3.

3.1.3. BuptyanbHble CBOUCTBA OO BbLEMHBLIX 3/IEMEHTOB
3.1.3.1. CornacoBaHue ceToK

OOBbEMHBIE HIIEMEHTBI, 00bEJUHEHHBIE B 3alMCh, MOKHO CTBIKOBAaTh IO p&OpaM u
rpaHsiM, He 3a00TACh O COBIA/ICHUH Y3JI0B.

[TpoBepka Ha 3axBaT y3/10B pEOpaM M TpaHSIMU BBIIOJHIETCS TOJBKO IS Y3JIOB
AJIEMEHTOB, 00bETUHEHHBIX B 3aIUCh.

Ha pucynke mnpencraBieHa Mojenb IUIaCTHHbI ¢ oTBepcTHeM (3agada Kupmra),
MTOCTPOEHHAS C UCTIOIH30BAHUEM COTJIACOBAHUS CETKH ().

Mogens MO3BONSET MOJYYUTh XOpollee MNpHOIMKEHHEe KapTUHBI paclpeieieHus
HarpshkeHu (0).

Jis  3aXBaueHHBIX  y3JI0B  BBIMOJIHAETCS — PEAyLUpOBaHHE, T.€.  HAJOXKEHHE
KMHEMAaTUYEeCKOM CBSI3U MEXIy peayuupyeMbiMH y3namu (1) u y3mamu, OmNpenessiolyuMu
nepeMereHus peayuupymomeil nosepxHocta (2). KonTtponmupyemass o0iacTe mpeicTaBisieT
co0oil rekca’ap (JMHEHHBIM WM KPUBOJMHEHHBIN) BBICOTOM h, T.e. peayuupyrorcs y3ibl,
Haxoasumecs Ha paccrostuuu omke 0.005L, rae L-cpenuss niuHa pedpa dJIeMeHTa.
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127,914
103,323
78,7316
54,1405

Puc. 3.1.5. Mogenb nnacTuHbl C OTBEPCTUEM, MOCTPOEHHAs C UCMOSIb30BaHNEM
cornacoBaHus CETOK.

B OonbumiMHCTBE Ciy4aeB HCIOJB30BAaHUE COTJIACOBAHUS CETKHM IO3BOJISIET MOJYYUTh
JTydIue NpuOIMKEHHs, YeM MPOCTOE CTYIIEHHE CEeTKH, OCOOCHHO, €CIIU MPU 3TOM MPUXOTUTCA
HCIIOJIb30BaTh BBIPOKIEHHBIE DJIEMEHTHI (IPU3MBI, TUPAMUJIbI U TETPAIPHI).

CornacoBaHue CETKM MOXHO OTKJIIOUUTH (BKJIIOUWTH) yHaleHHeM (YCTaHOBKOM)
COOTBETCTBYIOIIEro (hiakka B MaHENIM YCTAaHOBKM MapaMeTpoOB, WM YKa3aHHEM TpeOyemoro
pexxuma B 3amucu aTpuOyToB. Ilpm 3TOM, peXxuM, YyKa3aHHBIH B aTpuOyrax, cuumTaercs
MPUOPUTETHBIM.

3.1.3.2. 3axBart y3noB
3aHaHI/Ie CBOMCTBA 3axBaTa Y3JIOB OCYIICCTBJIACTCA BBCACHHUEM 3allMCU C YKa3aHHUEM

CIELHATbHBIX CBOWMCTB MEpe]] 3alKChI0 C OMHCAHUEM DJIEMEHTOB. B 3TOi 3amucu yKa3bIBaroTCA
CBOMCTBa 3axBaTta W 00JacTh €€ NEUCTBUS - TOJBKO IS CJCAYIONMIEH 3aliCcH C OMHUCAHUEM
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AJIEMEHTOB WIIM JJIsi BCEX CIEAYIOIIMX 3amMiCced WM JO0 OTMEHBI (YyKa3bIBAaeTCsl B TaKOH JKe
3a1icH).

3axBar BBINOJHSICTCS JJIS1 Y3JI0B, HAXOSIIUXCS B KOHTPOJIMPYEMOUH 3JIEMEHTOM 00IacTH
U TIpe/rosaracT HaJl0KCHUE KMHEMATHYCCKON CBSI3M MEXKIy 3aXBaYCHHBIMU Y3JIaMU U y3JIaMU
JJIEMEHTA.

[Tonaraercs, 4ro mepeMelIeHUs B 3aXBAaYEHHOM Y3JI€ ONPEAEISAIOTCS MepeMeIleHUsIMI
Y3JI0B 3JIEMEHTA U ero QYHKIUSIMHI (OPMBI.

OTO CBOMCTBO MO3BOJISET PACIIONIAraTh CBSI3bIBAEMBIE SJIEMEHTOM Y3JIbl B COOTBETCTBUHM C
UX TEOMETPUYECKUM MojoxeHneM. O0nacTe 3axBaTa MPEICTABISAIOT COO0OH 00BEM 3eMeHTa.
OTa BO3MOXHOCTb, B HauOOJIee YacTO BCTPEYAIOLIEMCS Cllydyae apMUPOBAHUS JIEMEHTOB, JTa
BO3MOKHOCTh, B HauOoJIee 4acTo BCTPEUAOLIEMCS ClTydyae apMUPOBAHHSI HJIEMEHTOB, MTO3BOJISET
n30exaTh HEOOXOJMMOCTH COIJIACOBAHUS CETOK apMaTypbl U HAIIOJIHUTEIS.

Ha pucynke 3.1.6. (1103. a u 6) npeacTaBieHa MOJEIb APMUPOBAHHOM BYMS CTEP)KHAMHU
6anku n3 3D8 anemeHTOB. BuiHO, 4TO y311bI CTEpXKHENH U OOBEMHBIX 3JIEMEHTOB HE COCIUHEHBI.
Ha no3. 6 npexncraBneHa Moaenb KOHTEMHEpPA U3 ApMUPOBAHHOIO Marepuana. B artoir moaenu

apMatypa W KOPITyC CO3JAIOTCSl HE3aBHCUMO, W JUI DJIEMEHTOB, MOJCIHPYIOUIMX KOPIIYC,
3a1a€TCs CBOMCTBO 3aXBaTa Y3JIOB.

a) é SXX - HOPMANLHLIE HANPAKEHHS
OT PACTAXEHHA B CTEPXKHAX
4/1 6) lllkana sxcx. Mla
367,35
4““? I332,349
297,347
r__/\hh_ .252,345
227,344
4:*' .192,342
157,34
4 1 \ 122,339
87.3369
‘L/_ 1 I52,3352
17.3336
é [
i z
- g
] ¥

5

Puc. 3.1.6. 3axsaT y3noB. a - Mmogenb apmMupoBaHHou 6arnku, 6 - HopmarsbHble
HaNPsKEHWS1 B CTEPXKHAX BOOMb OCU, 8 - MOAESNb KOHTENHEPA U3 apMUPOBAHHOIO
mMartepuana.

3.1.3.3. KoHTakTHbIe cBOMCTBa

3amaHuEe KOHTAKTHBIX CBOWCTB OCYILECTBIISIETCS BBEJIEHUEM 3alliCH C YyKa3aHUEM
CHelHaJIbHbIX CBOMCTB Mepe/ 3alKchio C OMMCAHUEM 3JIEMEHTOB. B 3Tol 3amucu yka3bIBatoTCs
CBOWCTBA KOHTAKTHBIX CBOICTB 3/1eMeHTa U 001acTh €€ NeMCTBUS - TOJNBKO IS CleAyIOIIen
3alMCHU C OIKCAaHUEM D3JEMEHTOB WM JUIsl BCEX CIEAYIOIUX 3amucel WM 10 OTMEHbI
(Yka3bIBaeTCsl B TaKOM K€ 3aIlnCH).

IIpu 3a7aH KOHTAKTHBIX CBOMCTB BO3MOYHBI CIEAYIONIME CIy4au:

1. Kontakt OpoXoauT MHOCCPCAUHE DIJICMCHTOB I10 HOPMAJIM K YKaBLIBaCMOﬁ ocH
JIOKQJTLHOM CHCTEMEI KOOpJAHWHAT 3JICMCHTA.
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2. KoHTakT MpoXOAUT TO CBOOOTHBIM IOBEPXHOCTSIM 3JIEMEHTOB, OMHCHIBAEMBIX B
o0OpabaTbIBaeMOM 3aMKCH, C y3JIaMH JIPYTUX JE€MEHTOB, ONMCAHHBIX B APYTUX 3aIHUCIX.

371ech BO3MOXKHBI CIIEAYIONINE CIIydau:

1. XécTtkas cBs3b, KOra MEpeMEIICHHs] 3aXBAYEHHOI'O Yy3ja MOJYUHSIOTCS YPaBHEHUIO
CBSI3M 110 BCEM HAIIPaBJICHUSIM.

2. HopmanbHbIi OTHOCUTENBHBIA KOHTAKT. B 3TOM ciiydae yripyrasi CBA3b HAKJIaJbIBACTCS
TOJILKO HAa HOPMAJIbHBIE K CBOOOJHOW IMOBEPXHOCTH 3JIEMEHTa MepeMEeLIeHHs. 3a30p
MEXYy 3aXBAa4CHHBIM Yy3JIOM U IOBEPXHOCTHIO B HCXOJHOM IIOJIOKEHUHM CUUTACTCS
PaBHBIM HYIIIO.

3. HopMmasibHBIII reoMeTpUuYecKUMid KOHTakT. B 3TOM cilyyae ympyras CBs3b TaKxke
HAKJIaJbIBACTCSI TOJBKO HA HOPMajbHBIE K CBOOOJHOW TOBEPXHOCTH 3JEMEHTa
nepeMenieHus. B otinnuue oT mpeapiayiero ciayyas 3a30p Mexay 3aXBauyeHHBIM Y3JIOM
1 TIOBEPXHOCTBIO ONPEIEIIAETCS 10 €r0 PeaJIbHOMY IOJIO0KEHUIO.

Jnia stux cinyyaeB 3a4al0Tcs 00JacTh KOHTPOJIS - MaKCHMAalbHOE DPACCTOSHHUE OT
MOBEPXHOCTH, HA KOTOPOM 3aXBaTBIBAIOTCS y3JIbI M KOO(DPHUIIMESHT TPEeHUS.

XécTkas cBsI3b HAKIAABIBACTCS MO HOPMAJM K MOBEPXHOCTH, a CBSI3b MEPEMEIICHU B
IUIOCKOCTH IUIACTUHBI cUUTaeTcs ynpyroi. [Ipu aToM kECTKOCTH onpeaesnseTcss TakuM 00pasom,
YTOOBI BBIMIOJHAJIOCH COOTHOIICHHE MEXKIY HOPMAaJbHOM peakineld B KOHTAKTe U CHIION TPEHUS.
3ajiaya CTaHOBUTCSI, B 3TOM CJ1y4yae, HEJIMHEHHOM.
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3.2. MnacTUHBLI U 0OONOYKHU

OO0muM NpU3HAKOM 3JIEMEHTOB JAaHHOM TPYIIIBI SIBISETCS Mayas BEJIMYMHA OJHOTO U3
pa3MepoB (TOJIIUHBI) 1O CPaBHEHUIO C OCTAIbHBIMHU. JlJIT ATHUX 3JIEMEHTOB INPUHUMACTCS
TUIIOTE3a O JIMHEWHOM U3MEHEHUH NIEPEMEILIEHU 110 €ro TOJIIUHE.

CocrosiHHE dIeMEeHTa XapaKTepru3yeTcs HaNPsHKSHUSIMU

O ={ Oxx , Oy, Tny, Jo ,ny(”), zscy(”) }, TOE Ow ,0, Ty -HOpPMaJbHbBIE U KacaTelbHbIC
HaMPsDKEHUS OT JeOpMAIUU PACTSHKCHHSI-COKATHS B INTIOCKOCTHU TUTACTUHBI, ,

o, 6y, 7, -HOpMaNbHBIE U KacaTelbHbIE HATPSKEHHs OT M3ru0a B MPOEKIUAX HA
OCH JIOKQJIbHOM CUCTEMBI KOOPAUHAT 3JIEMEHTA.

[Ipy BBIYKCICHUM OSKBUBAJICHTHBIX HAIPSOHKEHUH HOpPMajbHBIC HAIPsSOKEHUS Ha
MMOBEPXHOCTHU IJIACTUHBI CYMMHUPYIOTCSI.

[Tpu paccmoTpeHnr M3TUOHBIX Aedopmainmii moiaraeTcs, 4YTo CepeIuHHas TTOBEPXHOCTh
TJTACTUHBI JICXKHUT B IJIOCKOCTHU X0 JIOKATbHONW CUCTEMBI KOOPAUHAT AJIEMEHTA.

Yrael moBopora €y m €, B moO0OH TOYKE IUIACTHHBI CBSI3aHBI C MPOTHOOM @
COOTHOILIEHUSIMU

Om co
* Ox ’ : ay

ed=lz. =, z.[

B kauectBe 0000MIEHHBIX aedopMaruit
KPUBH3HBI U KPYyYEHHUE, CBI3AHHBIC C TPOTHOOM COOTHOLICHUSMHU
2 -2 2
o w 0w o'w

BBICTYIIAIOT NU3MCHCHUA

Ae=— 2 ] Z,‘r': a2 ] /:facf':_
ox” oy
B kadectBe 000OMIEHHBIX HAINPSDKEHUH BBICTYMAIOT paclpeneéHHbIe M3THOAIONNEe U
KpyTAIUEe MOMCHTEIL

cxcy

o=, M, M|

3

KOTOPBIC CBA3AHBI C O606H_[éHHBIMI/I_,[[e(l)OpMaLII_/I}IMI/I COOTHOIICHHUEM

t0.}=ID, lie, )

2

rae

1 u 0

Eh’
[D.]= =1 1
0 0 ——
2
h - TONMHA IUIACTUHBI, E - MOJynb yNpyrocTu marepuana, g - KO3PPHUIMEHT
Ilyaccona.

B »tom CJIydac HOpMaJIbHBIC HAITPSAXKCHWA Ha ITOBEPXHOCTU INIACTHHBI OT I/I3FI/I6a Gxx(u) u
0,y OmpenensIoTCsA BRIPAKEHUAMH

Jw _ 6M,

x T2 Oy = 72
h u COOTBETCTBEHHO.
. 6M_
z.Ii _} _

Xy hl
AHaIOTHYHO .
[Tpu paccMmoTpenun nedopmaiuii B MIOCKOCTH MIIACTUHBI AedopMaliiy OnpeaensoTcs

BBIPOKCHHUSIMU

6M,
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cu ou ., cu ou,

g == £, = — Yoy = — +—
x - B ¥ -, = Joxy = =
ox oy ¢} ox

II€ Ux W Uy - IEPEeMEIEHUs] B HAIPaBICHUHN OCEH 0X U 0y JIOKaJIbHOW CHCTEMBI
KOOpJMHAT B pacCMaTpUBAaEMON TOUKE JIEMEHTA.
CBs13b HaNPSOKEHUM U iehopMaIiii B ’TOM Cllydae UMEET BH/]I

(e} =ID: et

rac

[p.1= =

Marepuain s5eMeHTa MOXKET ObITh U30TPOITHBIM, aHU30TPOIHBIM HJIM OPTOTPOTHBIM. {7151
AQHU30TPOMHOTO M OPTOTPOIHOTO MaTepuaia HampaBieHus JaedopManuii COOTBETCTBYIOT
HAIPABJIEHUSAM OCEH JIOKAIbHON CUCTEMBI KOOPJIUHAT 3JIEMEHTA.

B mporpamme npeaycMOTpeHBbI BO3MOKHOCTH OTOOpPaXXEHHSI OCEH JIOKaJIbHBIX CHCTEM
KOOPJIMHAT 3JIEMEHTOB (OCh 0X KPACHBIM I[BETOM, a OCh 0y CUHHUM IIBETOM ), a TaK)K€ KOMaH/Ibl
WX TIOBOpPOTa C IIEJbI0 COIJIaCOBAHMS HAIpPaBJICHUH OCEH CMEXHBIX SJEMEHTOB.  IJTO
1[EeJIECO00Pa3HO C/IeNaTh, €CIH MPEACTABISIOT HHTEPEC KOMITIOHEHTHI HAIIPS)KEHHOTO COCTOSTHUSA,
TaK Kak IPU COBIIAJICHUHN OCEH JIOKAJIBHBIX CUCTEM KOOPAMHAT CMEXKHBIX JJIEMEHTOB OTACIIbHBIE
KOMITOHEHTBHI HanpsiKeHUH (HOpMajbHbIE HANPSDKEHHUS OT PACTSDKEHHS CHKATHS U JIp.) JIerde
AHAJIN3UPOBATb.

B cBsA3UM ¢ TeM, YTO MIACTUHBI B MPOCTPAHCTBE MOTYT OPHUEHTHUPOBATHCS MPOU3BOJIBHBIM
00pa3oM, KOMIIOHEHTHI HAMIPSKEHUH OMPEENIIOTCS B TOKAIBHON CHCTeMe KOOpMHAT.

[Ipu oToOpaskeHNH HAMPSHKEHUM B 3JIEMEHTE B Ipa)UUECKOM PEKUME DJIEMEHT JETUTCS
Ha 00JIacTH, B KOTOPBIX OTOOpakaeMble HAMPSHKEHUSI HAXOAATCS B OMpeAeNIEHHBIX HHTEPBAIAX,
M OKpallMBalOTCS COOTBETCTBYIOIIMM YpPOBHIO HAaNpsHKEHUHW UBETOM. BO3MOXKHO, Takxke,
IIOCTPOEHUE DITIOP.

3.2.1. YeTbIp€éXy3noBasi nnacTuHa

DOneMeHT TIJIACTHHBI CBA3BIBAET 4YEThIpe y3Jla W HuMeeT B oluieMm ciydae (opmy
IPOM3BOJILHOTO ueThipexyronbHuka (puc.3.2.1a). Ilpy HEOOXOIUMOCTH 3JIEMEHT MOXKET
BBIPOXKJIATHCS B TPEYToJIbHUK (pHc. 3.2.10).

DOJeMeHT HuMeeT IIeCTh CTemeHed CBOOOABI B KaXJIOM Yy3JIe B BHJE MPOEKUUI
NIepeMEIIEHsI ¥ YTIJIOB IIOBOPOTA HA OCH CHCTEMBI KOOP/IWHAT.
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Puc. 3.2.1.9neMeHT NNoCKOoM YEeTbIPEXY3NOBOW NNACTUHbI: a-3fIEMEHT U ero
nokKanbHaga cuctemMa KoopaunHaT; 6-BbIpOXAEHHbIN 3fIEMEHT.

TonmuHa 3IeMeHTa MOXKET ObITh MOCTOSTHHOM WM JTMHEMHO M3MEHATHCA OT y371a K y37y.
B nocnennem cirydae TONIIUHBI 334a10TCS B y371aX.

CpeavHHasi TOBEPXHOCTh, HCIIOJIb3yeMasi s TeOMETPUYECKHX IOCTPOCHUM, IEeIUT
TOJIIIIMHY AJIEMEHTA MOTIOJIaM.

JlokanpHas cucTemMa KOOpJIMHAT 2JIEMEHTa X0yZ OPUEHTUPOBAHA CIEAYIOIINM 00pa3oM:

-Hayao (TOYkKa o’ ) pacIoJIOKEHO B LEHTPE DJEMEHTa, KOOPAMHATHI KOTOPOTO

OTIPEICTISAIOTCA KaK cpefHee apupMETHUECKOe KOOPAUHAT y3JI0B;

-0Ch 0X TMapajuieibHa IPSIMOM, MPOXOAIIEH Yepe3 cepeuHbl CTOPOH if u ki

-IUIOCKOCTh X0y MapaielbHa MpsAMOH, IPOXOJALIei uepe3 cepeauHbl CTOpoH jk u il

[Tonaraercs, 4yTo HaNMpPsHKEHHO-IE(HOPMUPOBAHHOE COCTOSIHUE AJIEMEHTA YAOBJIETBOPSET
CJIEYIOIIUM JOMYIICHUSM:

-3JIEMEHT UCIBITHIBACT TIOCKOE HAMIPSHKEHHOE COCTOSHUE, T.€. Oz= 0;

-3JIEMEHT WCIIBITBIBAECT TUIOCKOE HANPSHKEHHOE COCTOSIHHE B TUIOCKOCTH TUIACTHHBI U

H3ruo;

-neopMalui CYUTAIOTCS MAJIBIMU;

-HalpspKeHUst U 1e(OopMallii B TUIOCKOCTH TUTACTHHBI U BBI3bIBA€MbIe M3rMOOM B3aUMHO

HE3aBUCHMBI, T.€. TPUMEHUM MIPHHIIUT CYIIEPIIO3HUIINH.

(puc 3.2.1a).

Jlns onucaHus sreMeHTa HeoOXOJUMO yKazaTh HOMEpA €ro y3ioB i, j, k, I, Tonmuny u
MeXaHHYeCKHe CBOMCTBA MaTepuania.

Kpome Toro, /Ui TUTACTHH MOJKET 3a/1aBaThCs CBOMCTBO 3aXBaTa Y3JIOB- BO3MOXKHOCTB
HAJIOKEHUS] KUHEMAaTH4eCKOH CBSI3M Ha Y3Jbl, HaXOAsdlIMecs B KOHTPOJIMpYeMOH oO0nacTu
anemeHTa. KoHTpomupyemMol o0ONacThi0 D3JEMEHTa SIBIISIETCSI €ro O0BEM, OIpeaeNsseMbIid
NEPUMETPOM M TOJIMHONU. DTO CBOMCTBO PaCCMOTPEHO, Takxke, B 11.3.24. Ilepemenienus y3ios,
MIOMABIINX B KOHTPOJIUPYEMYIO 00JacTh, OMPEIEINSIOTCS MO TMEPEMEIICHUSM Y3JIOBBIX TOYEK
3JIEMEHTa B COOTBETCTBUH C BBIpaKEHUEM

g7} =IN1{q"},

rie
{g)} — BexTOp MepeMelIeHuii § — F'0 KOHTPOIUPYEMOTO y3I1a,
IN®| - wmarpuma ¢Qynkumuii GopMBI dleMeHTa B TOYKE, COOTBETCTBYIOIIEH

3aXBaYEHHOMY Y31y,
{q®} — BeKTOp Y3/10BBIX HepeMeIleH il 21eMeHTa.
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Puc. 3.2.2. CoeanHeHne nnacTuH ¢ UCNONb30BaHNEM CBOMCTB 3axBaTa. a-

MOAENb, 6 U 8 — HAaNPSPKEHUSI B MOLENN NPU pasnMyHbIX BapnaHTax pasbuneHus.
OTO CBOWCTBO MO3BOJISIET CTBHIKOBATH DJIEMEHTHI HE B y3j1ax, a B TOYKax,
COOTBETCTBYIOILIUX HMX TeoMeTpuueckomy mnosoxenuto. Ha puc.3.2.2 mpencraBieH mnpumep

COEIMHEHUS TUIACTUH C MCIOJIb30BaHUEM CBOMCTB 3axBara. CBOWMCTBO 3aXBaTa yKa3bIBA€TCS B
3aMKCcH, PACIIONOKEHHOM Mepes] ONUCAaHUEM IIJIaCTHH.

3.2.2. BocbMmuy3snoBas nnactuHa

DOJNeMeHT IUIACTUHBI CBSA3BIBAET BOCEMb Y3JI0B M HMMeEeT B o0meM ciaydae (opmy
IIPOM3BOJIBHOTO YETBIPEXYTOJIbHUKA C KPUBOJIMHEHHBIMH cTopoHamu (puc.3.2.3a). Ilpu
HEOOXO/MMOCTH 3JIEMEHT MOXKET BBIPOXKIAThCA B DJIEMEHT C MEHBIIMM YHUCIOM Y3JIOB (pHC.
3.2.36,8).

DNeMeHT uMeeT IIeCTh CTeneHed CBOOOABI B KaXJIOM Yy3JIe B BHJE MPOEKUUi
NepeMEIEHHsSI U YTIIOB IIOBOPOTA HA OCH CUCTEMBI KOOP/IUHAT.

a) : k,l i, j, k1
. k Ci) i,}9 { - f3) 1
_('L—A " '
i 1
s - = - m
p - 1
\ "m o ) op "

o . n

Puc. 3.2.3.9n1eMeHT BOCbMWY3SI0BOM MAACTUHbI: a-3N1eMEHT U ero fiokarnbHas
cucTema KoopamHar; 6-BblipOXAEHHbIN 31IEMEHT.

TonmuHa 37eMeHTa MOXKET ObITh TOCTOSTHHOW MJTH JTMHEWHO M3MEHATHCA OT y3J1a K y3Iy.
B nocnegnem ciydae TONMIIMHBI 331aI0TCS B y3J1aX.

CpenvHHas TOBEPXHOCTh, HCIIOJIb3yeMasi JJIsi TeOMETPUYECKHX MOCTPOCHUM, JEIUT
TOJIIIMHY 3JIEMEHTA MOMOJIaM.

JlokanbHas cuctemMa KOOpJIMHAT 3JIEMEHTa X0yZ OPUEHTUPOBaHA CIIEIYIOIIUM 00pazoM:

-Hauano (TOYKa ©0) pacrlojOXKEHO B IEHTPE DIEeMEHTa, KOOpPIWHATHI

OTIpEeIeIIAI0TCA KaK cpefiHee apupMeTHIecKoe KOOPAUHAT Y3II0B;

-0Ch 0X TapajuieibHa IPSIMO, MPOXOALIEH Yepe3 cepearuHbl CTOPOH if U ki

-TUIOCKOCTB X0y TapajuielibHa MPSIMOH, IPOXOIAIIEH Yepe3 cepeuHbl CTOpoH jk u il

KOTOpPOTO
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6)

Puc. 3.2.4.0puneHTauusa n otobpaxkeHne nokanbHOM CUCTEMbI KOOpANHAT
BOCbMWY3IT0BOW NNACTUHBbI.

[onaraetcs, yTo HaNPsLKEHHO-1E(HOPMUPOBAHHOE COCTOSIHUE AJIEMEHTA YIOBJIETBOPSET
CJIEYIOIINM JOIYILIECHUSAM:

-3JIEMEHT UCIIBITHIBAET IUVIOCKOE HAMPSKEHHOE COCTOSIHUE, T.€. Oz= 0;

-3JIEMEHT MCIBITHIBAET IIJIOCKOE HAIPSKEHHOE COCTOSHHUE B IJIOCKOCTH IUIACTUHBI U

H3ruo;

-nehopManuy CYMTAIOTCS MaJIBIMU;

-HaIpspKeHUs U 1e(OopMallii B IUIOCKOCTH IUIACTUHBI U BbI3bIBa€Mble U3rMOOM B3aUMHO

HE3aBHCHUMBI, T.€. IPUMEHUM MPUHIUI CYIEPIIO3ULIUN.

(puc 3.2.4a).

Jlyist oricaHus dJIeMeHTa HEOOXOMMO yKa3aTh HOMEpa ero Y3IoB i, j, k, I, Tommuny u
MeXaHUYECKHEe CBOMCTBA MaTepuaa.

Kpome Toro, xak u B npeAbIAYIIEM ciIydae, /ISl 3JIEMEHTOB MOXKET 3a7aBaThCsl CBOMCTBO
3axBaTa Y3J0B- BO3MOXKHOCTh HAJIOKEHHUSI KMHEMAaTHYECKOH CBS3UM Ha Y3JIbl, HAXOJIIUECS B
KOHTpOJIUpyeMoil obOsiactu siemMeHTa. KOHTpoiaumpyeMoil 00JacThi0 3JEMEHTa SBISIETCS €ro
00BEM, OrpeieNIIeMblii IEPUMETPOM U TOJIIMHON. DTO CBOWCTBO pacCMOTPEHO, Takke, B 11.3.24.
[lepemenienust  y370B, TIONMABIIMX B KOHTPOJUPYEMYIO 00JacTb, ONPEAENAIOTCA IO
MEePEMEILEHUSM Y3JIOBBIX TOUYEK AJIEMEHTA B COOTBETCTBUU C BBIPAXKEHHUSMH, PUBEACHHBIMU B
MpebIAYIIEM MoIpa3ielie A YeThIPEXYTOIbHOM MIIaCTHHBI.

g =N {g"9},

rae
{q"} — BexTOp MepeMelennii i — T0 KOHTPOIUPYEMOTO Y34,
IN®| - wmatpuma ¢yHKImE QGOpPMBI JNMEMEHTa B TOUYKE, COOTBETCTBYIOIIEH

3aXBauEHHOMY Y311y,
{q©} — BEeKTOp Y37IOBBIX TIepeMEICHNH JTIEMEHTA.
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3.2.3. YeTbIipéxy3noBasi 060504Ka

DneMeHT 000JI0UKH, TaK)Ke, KaK M 3JIEMEHT IUIaCTUHBI, CBS3bIBAET YETHIPE y3J1a U UMEET B
obmeM cirydae GopMy MPOU3BOJIBHOTO YeThipexyrojbHuka (puc.3.2.1a). Ilpu nHeodbxogumocTu
AJIEMEHT MOJKET BBIPOXKIATHCS B TPEYroJabHUK (puc. 3.2.16).

ONeMeHT HuMeeT IeCTh CTeNeHed CBOOOAbI B KaXIOM Yy3Jle B BHIE IPOEKIUil
HEpPEMELIEHMS U YTJIOB IOBOPOTA HA OCH CUCTEMBI KOOPAUHAT.

Tonumua s51emMeHTa NoCTosHHA.

CpenuHHass TOBEPXHOCTb, HCIOJb3yeMas A Te€OMETPHUYECKUX MOCTPOCHHUMH, IEIUT
TOJIIMHY 3JIEMEHTA MOIOJIaM.

[Tonaraercs, 4yTo HaNMpsHKEHHO-1e(HOPMUPOBAHHOE COCTOSIHUE 3JIEMEHTA YIOBJIETBOPSET
CJICAYIOUIMM JOIYICHUSIM:

-popma srmeMeHTa U TOJIOKEHHE CPEIMHHOW MOBEPXHOCTH, OPHEHTUPYIOIIEH

HalpaBJIeHUs] OCeil CUCTeM KOOpAMHAT OPHUEHTALMU HAaNpsDKEHUM, onpenensercss Kak

CYIIEPIO3UIIMS UCXOIHOTO MOJIOKEHUS, IEpEMEILIEHUI U fedopMaluil 3JIEMEHTa,

-B KaX/10il TOUKE 3JI€MEHT MCIBITHIBAET MJIOCKOE HAIPSKEHHOE COCTOSIHUE B MJIOCKOCTH

KacaTeJIbHON K CPEAMHHON TOBEPXHOCTH M U3THO;

-3JIEMEHT UCIBITHIBAET MJIOCKOE HAMPSKEHHOE COCTOSIHUE, T.€. Oz= 0;

-B JI0OOH TOUYKe 3JIeMEHTa HamlpshKeHUs U JnedopMaluy B IUIOCKOCTH, KacaTeIbHOH K

CPEIMHHON MOBEPXHOCTH U BBI3BIBAEMBIE H3THOOM B3aUMHO HE3aBUCHMBI, T.€. IPUMEHUM

HOPUHIUI CYTIEPIO3ULUH.

-neopManuu CYUTAIOTCS MAJIBIMU;

Cxema onpefeneHuss TEOMETPUYECKMX IapaMeTpOB »JJIEMEHTa IpeACTaBlIeHAa Ha
puc.3.2.5.

JlokanbHasg cucTeMa KOOpAMHAT 3JIEMEHTa Xx’0’y’z’ OpPHEHTUPOBaHA CIIEAYIOIIUM
o0OpazoM:

-Hayajo (Toyka o0’ ) pacrmoloKeHO B LEHTPE OHJIEMEHTa, KOOPAMHATBl KOTOPOIO

ONpeAeINAI0TCS KaK cpeHee apupMeTHIEeCKOe TEKYIIUX KOOPANHAT Y3JI0B;

-0Chb 0’x’ mapajuienbHa NPsMOi, MPOXOIALIEH uepe3 cepeIuHbI CTOPOH ij U ki ;

-TUIOCKOCTH X ’0’y’ mapasienbHa NpsMO, TPOXOISIIEH Yepe3 CEpeIuHbl CTOPOH jk u il;

Koopaunatsl mo0oro ysna snemeHTa xm , m=1,2,3,4; onpenenstoTcsi Kak CyMMma

—~0 . _
KOOpJMHAT y3J1a B UCXOJIHOM IOJIOXKEHUU X, U BEKTOpa NepeMelieHuit yzna 9 m , T.e.

— =0 —
xm = X m + q m

JlokasibHbIE KOOPAWMHATBHI MPOU3BOJIBHOM TOYKH CPEAWHHOW ITOBEPXHOCTH HJIEMEHTA
ONPEIEISAIOTCS BBIPAKEHUEM

o ZJ': (‘N;E:x}

m=1

= S =

riae

|N fnx)| -Marpuna QyHKIHH GOPMEI IPH MOCTYNATENEHBIX IEPEMENICHHSAX,
| N >| -Matpuia GyHKIUNA GOpMBI IPU YIIIOBBIX MEPEMELIEHUSX,

@, - BEKTOP YIJIOBBIX IEPEMEILICHUH B y3II€.

B kauectBe ¢yHKIHI GOPMBI UCMIOB30BAHBI (PYHKIIMH DPMHUTA.

Hanpaannonme KOCHUHYCEI JIOKaJIbHBIX CHCTEM KOOpJAWHAT B HpOI/ISBOJ'II)HOI\/'I TOYKE
plieMeHTa ompenensioTces mnyréMm auddepeHnupoBanns QYHKIHA KOOPAMHAT CPEAHMHHON
MMOBEPXHOCTH.
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X -
3

!

Y

Puc. 3.2.5.9nemeHT 060104KM.

Takum 00pa3oM, TpH HCIOJB30BAaHUHM JTA@HHOTO JJIEMEHTa HEOOXOquM  Y4éT
T€OMETPUYECKON HETMHENHOCTH U

CocrosiHHE DIIEMEHTa XapaKTepU3yeTCs HAMPSHKEHUSIMH

0 ={ Oxx, Oy, Tay, o, ny(u): Txy(u) 5,

IJI€ Oix, Oyy, Txy ~-HOPMAJIbHBIE M KacaTelIbHbIe HANPSHKEHUS OT Je(OpMaLluU pacTsKEeHUs -
CKaTHsl B B JIOKAJIBHOM cHCTEMe KOOPJIMHAT, HANpPaBIEHHUS KOTOPOW ONpEIENSIOTCS B y3iax
DIIEMEHTA,

o™, 0", 7, -HOpMasbHBIE U KacaTelbHbIE HAMPSKEHUs OT U3ruba B IPOEKIHUAX Ha
OCH JIOKQJIbHOW CUCTEMBI KOOPAWHAT AJIEMEHTA.

[Ipy BBIUMCIIEHUM SKBUBAJIEHTHBIX HANPSHKEHUH HOpMalIbHbIE HANpsDKEHUS Ha
MTOBEPXHOCTH 000JIOUYKH CYMMHUPYIOTCSI.

[Tpu paccMoTpeHnu M3rHOHBIX AedopMaruil monaraercs, YTo cepeiuHHas MOBEPXHOCTD
TUTACTHHBI JISKUT B THIOCKOCTH X0y JIOKATLHOW CHCTEMBI KOOPJIMHAT JJIEMEHTA.

VYrael moBopota O u 6, B mo0o0i TOUKEe OOOJIOYKHM CBsI3aHBl C MPOrHOOM @

COOTHONIECHUSIMHU
cm cw

x - = ¥ -
ox cy

T
B xauecTtBe 0000MEHHBIX AeopManuit (M ‘I » Xy Ao

/

R
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BBICTYIIAIOT HU3MCHCHUA KPHUBU3HBI n Kpy4dCHHC, CBA3AaHHBIC C HpOFI/I6OM

COOTHOLICHUSIMHU
2 =2 2
c o 4 = 0o ) 2w
=— N Ao = 72
“x ox® ’ oy ’ ® 8x0y

B kauectBe 000OIIEHHBIX HANPSHKEHUH BBICTYNAIOT —paclpeesi€éHHble U3rubaronie u
KpPYTSIIHE MOMEHTHI

o =M, M, M,

KOTOPEIC CBA3AaHBI C O606H.[éHHI>IMI/I ,Z[C(bOpMaI_[I/IHMI/I COOTHOIICHUEM

to.j=D.Je.,

T

2

e

1 0

Eh’® “

Ty

0o o ZH

2
h - TtomumHa 00ONOYKH, E - MOIYynb ympyroctd marepuaia, i - Kodhduiument
Ilyaccona.

B 3TOM cilyuae HOpMaJIbHbIe HANPSDKEHNS HA IIOBEPXHOCTH IIACTUHBI OT H3THb6a o™ U
oy onpenensroTCs BEIPAKEHUSIMI

w 6M, w M,
b A 2 O-J:l' - 32
h u h COOTBETCTBEHHO.
@ 6 M .
rx:' o 2
Amnanornygo h

ITpu paccmotpenun negopmaiuii B IIOCKOCTH 000JI0YKK J1eopMallMi OMpPEeaIOTCS
BBIPKEHUSIMH

( } T
= !
&, |.9x g, Va
b
Sux ou ou, Ou,
E. = g, = = Y o= + —
* A * ¥ F * r 7 5“:
dx (o)} & x|

rac ux u Ux - ICPEMCUICHUA B HAIIPABJIICHUU oceil ox Hu oy JIOKaJIbHOM CHUCTEMBI

KOOpJIMHAT B PacCMAaTPUBAEMON TOUKE DJIEMEHTA.
CBs3b HapsKEHUH U leopMalivii B 3TOM CiIydae UMEeT BH]L

,)=ID, e, )

rac
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[Tpu oToOpaxxeHNH HANPSHKEHUN B DJIEMEHTE B TPAUYECKOM PEKUME DIIEMEHT JEIUTCS
Ha 00J1acTH, B KOTOPBIX OTOOpa)kaeMble HANPSDKEHUS HAXOASTCS B ONpPEEICHHBIX HHTEpBaJlax,
Y OKPAIINBAIOTCSI COOTBETCTBYIOIIMM YPOBHIO HANIPSKEHUH IIBETOM.

B cBs3u ¢ Tem, 4TO 000JI0UKH B MPOCTPAHCTBE MOTYT OPUEHTUPOBATHCS IPOU3BOJIHHBIM
00pa3oM, KOMIIOHEHTHI HAPSHKEHUN OIMPENCTSIOTCS B JIOKATHHOW CHCTEME KOOPJIUHAT X0yZ B
y370BbIX Toukax(puc 3.2.5). B mporpamme mpeaycMOTpeHbI BO3MOKHOCTH OTOOpaKEHUS OCEH
JIOKAJIbHBIX CUCTEM KOOPAMHAT 3JIEMEHTOB (OCh 0X KPacHBIM I[BETOM, & OCh 0) CUHUM IIBETOM ),
a TaKkKe KOMaHAbl MX IIOBOPOTA C IEJIbK COIJIACOBAHUS HANPABICHUN OCEMl CMEXHBIX
JJIEMEHTOB.  JTO IIeJIECOO0pa3HO CIeNlaTh, €CIIM MPEACTABISIOT HMHTEPEC KOMITOHEHTHI
HaIPSHKEHHOTO COCTOSIHUA, TaK KakK IPU COBIAJECHUU OCEU JIOKAJIbHBIX CHCTEM KOOpPIMHAT
CMEXHBIX 3JIEMEHTOB OT/IEJbHbIE KOMIIOHEHTHl HANpPSDKCHUN (HOpMaJIbHbIE HANpPSDKEHHUS OT
PaCTSKEHHUS CKATHSI U JIp.) JIerdye aHaJIU3UpPOBaTh.

Marepuan 3neMeHTa MOKET OBITh U30TPOIHBIM, aHU30TPOITHBIM HJIU OPTOTPOIHBIM. J1Jist
aHU30TPOMHOTO U OPTOTPOMHOrO0 MaTepHualia HampaBiieHus JedopMaluii COOTBETCTBYIOT
HANPABJIEHUAM OCEH JIOKATbHON CUCTEMBI KOOPIMHAT JJIEMEHTA.

s onucaHus slieMeHTa HEOOXOJMMO yKazaTb HOMEpa ero y3IoB i, j, k, I, Tonmuny u
MEXaHWYECKHUE CBOMCTBA MaTepuara.
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3.2.4. O60ono4ku co cneumanbHbIMKU cBoncTtBamu. CeTtka.

DneMeHT mpeaHasHaueH i NPUOIMKEHHOTO MOJEIMPOBAHUS CBOICTB DJIEMEHTOB
KOHCTPYKUUH, MPEACTaBISAIOMMUX COOOM CeTKM WM TOJOTHA, CBSI3aHHBIE C KapKacoM W3
CTEP>KHEH, KOTOpPhIE MOTYT CONPOTHUBISATHCA TOJIBKO PACTSHKEHUIO U MUMETh MpPeABapUTEIIbHOE
HaTSDKEHHE.  OJIeMEHT, CBSI3bIBAa€T YEThIpe y3Ja W HMeeT B oOmem ciydae ¢opMmy
MIPOU3BOJBLHOTO YEThIpeXyrojabHuKa. [Ipu HEOOXOIUMOCTH 3JIEMEHT MOMKET BBIPOXKIATHCS B
TPEYroJdbHUK. DJIEMEHT HMEEeT TPU CTENEeHU CBOOOABl B KAXKIOM Yy3J€ B BHJE IPOSKIUN
MepeMEIICHHS Ha OCU CUCTEMbI KOOPIMHAT.

JlokanpHasi cucTeMa KOOpAMHAT OPUEHTHPYETCS , TAKKE KaK U y paHee PacCMOTPEHHBIX
AJIEMEHTOB MOBEPXHOCTH (cM. 11.3.2.1, puc 3.2.6).

DneMeHT XapaKTepHu3yeTcss Maccoil, Mpuxojsuieiics Ha eAMHUIY MOBEPXHOCTU (ps,
KI/KB.M), MOTOHHBIMU XECTKOCTSMU B HANpaBICHUM OCEH OX U 0y JIOKAIbHOW CHUCTEMBI
koopauHat (Ky wm K, coorBercTBeHHO, H/M), kodddummenrom cBsizu nedopmanuii Ky,
npeBapuTeNbHBIM HaTshKkeHHeM B HanpaBienuu oceit JICK (Pr u P, coorBercTBeHHO, H/M).

[Toronnsie xéctkocty Ky u K, B 00IIeM citydae ONnpeaenstoTcs SKCIEPUMEHTAIBHO,
TaK KaK 3aBUCAT OT OCOOCHHOCTE KOHCTPYKIIMHM MOAECTUPYEMOTO IEMEHTA.

Koaddunment cszu nedopmarinii Ky, B CyNTHOCTH SIBIIICTCS aHATOTOM KO3 dHUITUEHTA
[Tyaccona, u, B oOmieM ciy4ae, TakXke MOAJEKHUT IKCIEPUMEHTAIbHOMY ompeaeneHuto. B
IPOCTEHIINX CIyYasiX, KOrJja CeTKa COCTOUT U3 HECBSI3aHHBIX MeXAy coboi myueit (Puc. 3.2.6)
K, MOXHO ornpenenut no ¢popmyine

K, = dx/dy=tga,

I7ie oL — yroja HakjJoHa ceTku k ocu ox JICK.

X

Puc. 3.2.6. 3nemMeHT nnacTuHbI CO cneuuarnbHbIM CBONCTBAMMU.
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Puc. 3.2.7.0npegeneHune koadduumeHTa cea3m gedopmauuin.

TonmuHa 37eMeHTa He BIUSCT Ha BEJIMYMHBI peakiuii djaemMenTa. OHaKO, €CIIU YCIOBHO
3a/1aTh €€ paBHOM ILJIOMIAIU HIEMEHTOB KOHCTPYKIIMH MPUXO/ISIICHCS Ha €AMHUILY JUTMHBI pedpa,
TO IPU BBIBOJIC PE3Y/IbTATOB B BHJIE HANPSHKEHUH MOIyYaTCs peaibHble 3HaueHUs. T.¢. TONIHHY
aJIeMeHTa A 11e51eco00pa3Ho onpeAessaTh o Gopmyrie

h=s/hs ,

rJe S - IUIOUIa/Ih AJIEMEHTA KOHCTPYKIIUH CETKH, A - IIar CeTKH.

Jlns ommcaHuWs 3JEMEHTa HEOOXOIUMO Tepell OMMCAHWEM IUIACTUH WM 000JIOYeK,
OIIMUCBHIBAIOIIIUX TOIIOJIOTHIO DJJIEMEHTA, BCTABUTL 3alllCh CO CIICIHUAaJIbHBIMH CBOMCTBaMU
rtactiuH. OTOOpaXkeHUeE JIeMEHTa MPEJICTaBlIeHo Ha puc. Puc. 3.2.7.

Puc. 3.2.8.0TobpaxeHne aneMeHTa CeTKu.
a - NIMHENHbIV 3neMeHT, 6 - KPUBOSIMHENHBINA 3NIEMEHT



86

3.2.5. BocbMmuy3noBas nuHenHas nnacTuHa

DJNeMeHT IUIACTHHBI CBS3BIBACT BOCEMb Y3JIOB M HMEET B o0meM ciydae (opmy
MIPOU3BOJILHOTO BOChbMHUYroyibHUKA (puc.3.2.9a). Ilpu HEOOXOOUMOCTH dSJIEMEHT MOXKET
BBIPOXKJIATBCSL B AJIEMEHT C MEHBIIMM duciIoM y3ioB (puc. 3.2.96,6). CBoiicTBa 3JeMeEHTa
AQHAJIOTMYHBI CBOMCTBAM BOCBMHY3JIOBOM IIJIACTUHBI, omnucaHHo B 1.3.2.2. Otiuuue
3aKJTFOYAETCS B TOM, YTO CTOPOHBI DJIEMEHTA alllIPOKCUMHUPYIOTCS OTpe3KaMu NpsiMbIX. Hanmnaue
TaKoro 9JJIEeMEHTa II03BOJISIET  YIPOCTUTh  MOJCIHMPOBAHUE DJEMEHTOB  KOHCTPYKIIHH,
OTHMCHIBAEMBIX KOHTYPOM B BUJIC IOMAHOH JIMHUU (KHUIIBI U JIP.).

ﬁ) . 5) J k,l

i, j, k,l
J k i,P 5)

m
m

m o (), p n

p

o n

Puc. 3.2.9.9neMeHT NIMHENHON BOCbMWY3II0BOM MAACTUHbI: @-3f1IEMEHT U ero
nokanbHasa cuctemMa koopauHart; 6, 8- BbIpOXAEHHbIN 3fIEMEHT.
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3.2.6. BupTtyanbHble cBOMCTBa NMacTuUH
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3.3. CtepxXHeBble 3fIeMeHTbI
3.3.1. O6wume cBegeHun

Bce paccmoTpeHHBIE [Janee CTEP)KHEBBIE JJIEMEHTBI HMMEIOT IIOCTOSHHOE II0 JJIMHE
ceueHue. B y3max, UMEIOLINX MIECTh CTENEHEeW CcBOOO/IbI, HEUTpabHas JIMHUSA MOXKET OBbITh, IPU
HEO0XOIUMOCTH, CMEILEHA OTHOCUTEIBHO Y371a, T.€. BO3MOXKHO 331aHUE KCLEHTPUCUTETOB.

PeannzoBaHo aBa crioco0a 3a1aHus )KECTKOCTH:

-TPaJULIHOHHBIH, I10 TEOMETPUYECKUM XapPaKTEPUCTUKAM CEUECHUS;

-C 3a/laHUEM TIPUBEJICHHBIX )KECTKOCTEM.

Jnist TpaauIMOHHOTO croco0a 3alaHusl CyHIeCTBYeT OMOMMOTEKa TUIOBBIX CEYCHUH,
BO3MO>KHOCTb 3aJJaHHsI KOHKPETHBIX 3HAYCHUM U BBIYHUCICHUS T€OMETPUUYECKUX XaPAKTEPUCTHK
ceueHus o 0ObEMHON MOJIETTH CTEPIKHSL..

IIpu 3aganuy NpUBENEHHBIX KECTKOCTEN, B KAYECTBE IAPaMETPOB 3aJ1aI0TCSI BEJIMUUHBI
YCHJIMH TIO OCSIM JIOKAJIbHOM CHCTEMBI KOOPAWHAT AJIEMEHTa, KOTOPbIE HEOOXOAUMO MPUIIOKHTH
K Y3J1y j CTEp>KHS U1l EAMHUYHOIO CMEILEHUS B COOTBETCTBYIOLIEM HAIPABICHUH, IIPH KECTKOM
3aKperyieHud B y3ie { . B y31e j npu 3ToM Kakue MO0 KMHEMAaTUYeCKUE OrpaHUuYeHUs
OTCYTCTBYIOT, T.€. CTEP’KEHb 3aKpEIIEH KOHCOJIBHO.

JUis 371IEMEHTOB C IONEPEYHBbIM CEUEHUEM B BUJE TPYObl peaan3oBaHa BO3MOXHOCTh
y4€Ta BHYTPEHHETO U HAPYXKHOT'O JABJICHMM, & TAKXKE MAcChl )KUAKOCTH, HAXOAAIIEHCS BHYTPU
CTEPKHSL.

JUi cTepyKHEeH, HaXOAAIMXCS B )KUJKON Cpele, peaJIn30BaH YUET BBITAIIKMBAIOIIECH CUJIIBI
(apxumenioBa cujia) U CUJI COIPOTUBIICHUS JBUKEHHIO B 331a4aX TUHAMUKU.

CreprKHeBbIE 3JIEMEHThI MOT'YT 00J1a/1aTh CJIEAYIOIIUMU BUPTYalbHBIMHU CBOMCTBAMHU:

e 3axBaT Y3J0B- BO3MOXHOCTb HAJOXEHUS KHHEMAaTUYECKOW CBS3M Ha Y3Ibl,
HaXOJAIIMecs B KOHTPOJIMpPYEeMOH obnacTu ayieMeHTa. KoHTponupyemoil 001acTbio
AIIEMEHTA SIBIIsIETCS 00BbEM LIMIIMHIIPA, ONpeAesieMblil HeHTpalbHON IMHUEH CTEepP)KHS
U MaKCHMaJbHBIM PaJUyCOM TOUYEK CEUEHUS Rmax. ITO CBOICTBO PAacCCMOTPEHO B
n.3.24.

e BupryansHOoCcTh TOYEK CTepKHA. IIpu ykaszaHum 3TOro CBOWMCTBA TOYKM CTEPIKHSA
3aXBaThIBaThCsl -pEOpaMU M TpaHSIMHU JPYTHUX DJIEMEHTOB, HaXOJSAIIUXCSA OJMXKe
0.1Rmax.

e Touka CTEp>KHS 10 YMOJIYAHUIO CYUTAECTCS BUPTYAIIbHOW, €CIIM HE CBA3aHA C IPYTUMH
DIIEMEHTaMHU.

OTH CBOICTBA yKa3bIBAIOTCA B [TapaMeTpax IEMEHTA.

3.3.2. NpsAMONMHENHbIN CTEPXKEHb

B nporpamMme peanu3oBaHbl CIEAYIOLUIUME THUIIBI TPSAMOJMHENHBIX CTEP’KHEBBIX
HJIEMEHTOB:

-IPAMOJIMHENHHBI TPOCTPAHCTBEHHBIM Opyc ¢ JBEHAALATHIO CTENEHSAMH CBOOOJIBI
(puc.3.3.1a), ucneIThIBatOmUi nedopMallii  PaCTSHKEHUSI-CKATHS n u3ruba B JBYX
IUIOCKOCTSX, @ TAKXKE KPyUEHHUSI.

- TpPSMOJUHEHHBIA NPOCTPAHCTBEHHBIH Opyc €  JEBATHIO  CTENEHSAMU CBOOOJBI
(puc.3.3.1.6), ucnbIThIBaOIIMK  JedopMallUd  PAaCTSHKEHUSA-CKATUS M M3ruba B JBYX
IUIOCKOCTSX  (OT  MpeAblAyIIero  OTJIMYaeTcs UIApHUPHBIM COEIUHEHHEM  C JAPYTrUMHU
3JIEMEHTaMH B OJIHOM U3 y3JIOB);
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- TNPSAMOJMHEWHBIA CTEpKEHb, HCHBITHIBAIONINNA JeOopMallui  PACTSIKEHUS-CHKATUS
(puc.3.3.16).

B nocnennem ciydae monaraercsi, 4TO CTEpP)KEHb WIAPHUPHO COEAMHEH C APYTUMHU
3JIEeMEHTaMU B 00OHX y3JIax.

s opueHTanuun paccMaTpUBacMBbIX 3JIEMEHTOB B IIPOCTPAHCTBE BBEICHbI
BCIIOMOTaTelIbHas - X ’0’y’z’ ¥ TOKaJIbHAs X0yz CHUCTEMBI KOOpJWHAT AneMeHTa (puc. 3.3.2a.).

Havano nokanpHOM cHCTEMBI KOOpAMHAT  PACIOIOKEHO B TOYKE IEPECCUEHUs
HEUTPaJbHOW JIMHUU CTEP)KHS C MEPHEHAMKYJISPHBIM €l CeUeHHEM B KOTOPOM, TaKXke, JEKUT
y3el i, OCh 0X COBIAJAeT C HEUTPaAJIbHOM JIMHUEN CTEP)KHSI U HalpaBlieHA OT y3ia I K Y31y J,
OCU 0y W 07 COBNQJAIOT C TJaBHBIMU OCSIMH HWHEpLUMHM Ce4YeHUs cTepxkHsi. Hauano
BCIIOMOTaTeJIbHOW CUCTEMbI KOOPJAMHAT PACIIONOKEHO B y3J€ i , OCh 0 X MPOXOIUT Yepe3 y3ell J,
a JUIsI OPUEHTAIIMU OCeil 0y’ M 0z’ peann30BaHbI JIBa CIIoco0a: Mo JABYM M 10 TPEM y3iaMm (puc.
3.3.3. a u 6 coorBeTcTBEHHO). [Ipn OopreHTaly 0 JBYM y3j1aM MOJaraercsi, 4To och 0 'y’ BCerjaa
napajuiensHa wiockoctd XOY (Ha puc. 3.33a. oToOpaskeH ciydaid, Korma y3en i JEKHUT B
mwiockoctd XOY u och 0y’ TakKe HaXOIUTCS B 3TOM IUNIOCKOCTH), @ ocu 0 x” OZ u 0o’z’ nexar
B OJHOM TuIOCKOCTH. [IpM OpHeHTanuu Mo TpeMm y3jaM MOoJaraercs, 4YrTo OChb 0y’ JIEKHUT B
IIJIOCKOCTH, MPOXOJIAIIEH uepes y3isl 1, j, k ( puc. 3.3.30) .

Puc. 3.3.1. CTepxxHeBble aneMeHTbl: a 1 6 - anemMeHTbl Tuna épyc ¢ 12-10 n 9-1o
cTeneHsiMm cBob60abl COOTBETCTBEHHO; 8 - CTEPXEHb, UCTIbITLIBAOLLNIA TOJNTbKO
AedopmMaunn pacTsHKEHNSI-CXATUS.
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Puc. 3.3.2. 9nemeHTbl TMNa Bpyc: a - BcnoMoratenbHasa 1 fiokanbHas CUCTEMbI
KoopauHaT anemeHTa; 6 - BapuaHT COeauHEHNS ANIEMEHTOB, Korga HeobxoaMmo 3agatb
CMELLEHMNS OMacHbIX CEYEHUIN OT Y3IOBbIX TOYEK.

JlokanbHasg cucTeMa KOOpAMHAT MOXKET HUMETh CMELIEHHs TOYEK, OPUEHTHPYIOUIUX OCh
OX B y3Jlax II0 OCSIM BCIIOMOTaTEeNbHOM CHCTEMbI KOOpJUHAT, KOTOPBIE 33JAl0TCSI 3HAUECHUSMU
9KCUEHTPUCUTETOB - Eyi, Ezi, Eyj, Ez (puc. 3.3.2a). DKcLeHTpUCUTETHl MOTYT 331aBaThCsl TOJIBKO
B y3J1aX, UMEIOIIKX IIECTh CTeNeHel cBOOOAbI. [[yisl apHUPHBIX Y3JI0B OHU PAaBHBI HYIIO.

Kpome Toro, mms K3 MOXHO 3agaTh pacCTOSHHUS OT Y3JIOBBIX TOYEK 10 CEUYEHMI, B
KOTOPBIX ONPENENAIOTCS HampshKeHUs. OJTO IesIeco00pa3Ho JienaTh B TeX cliydasix, Korja
pEAIbHOE  CEUEHUE CTEpPXKHS HAXOIUTCS HA 3HAYUTEIBHOM DPACCTOSIHUM OT Y3JI0BOM TOYKHU
cxembl. [Ipumep Takoil cuTyaruu mpeacrasieH Ha puc. 3.3.26. HanpsbkeHust OT pacTsKeHUsI-
CKaTUs U U3ruba OMpPEeNSIOTCS B JIOKAIBHOW CHCTEME KOOPJIMHAT CTEP)KHS B TOUKAX CEUCHMS,
YKa3aHHBIX KaK OMAacHbIE IIPH 3a/1aHUU T€OMETPUUYECKUX XapPaKTEPUCTHK CEUEHUSI.

Ocu 0oy 1 0z MOTYT OBITh NMOBEPHYTHl OTHOCUTEIBHO OCell o'y’ um o'z’ Ha yron f,
MMEHYEMbIIl B IporpamMme yriioM oBOpOTa CEYCHHUS .

B nocraTouHO MMPOKO pacpoCTpaHEHHOM YaCTHOM CiIy4ae, KOIJla 3KCIIEHTPUCUTETHI U
yroJl MOBOPOTA CEYEHUsI PaBHbI HYIIO, OCH JIOKAIbHOW M BCIIOMOTaTE€IbHOW CUCTEM KOOPAMHAT
COBIAJAOT.

Puc. 3.3.3. OpueHTauusa BcnomoraTesisHON CUCTEMbl KOOPAWUHAT: a - No ABYM
y3nam; 6 - no Tpem y3nam.
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B nmporpamme peain3oBaHO HECKOJbKO BHUAOB H300paKeHHsI pPaccMaTpPUBAEMBIX
9JIEMEHTOB Ha TpauuecKux cxemax. B mpocTeiimeM ciaydae 3JIEMEHThI H300pa)xaroTcs
OTpe3KaMH INPSAMBIX C OKPY)KHOCTAMH B TOYKax pacroyiokeHust y3inos (puc. 3.3.4.a). Ilpu
OPHEHTAIlMH 10 TPEM y3JlaM B pPEXUME OTOOpa)KCHHs JIOKAJHHOH CHCTEMBI KOOPAMHAT
n300pakeHue JOMOIHIETCS OTPE3KOM JKEJITOr0 L[BETa, COAUHSIONIEr0 TPeTHH y3el U TOYKY Ha
JMHUHU, U300paXKaromeil cTep:KeHb, HaXOIIIyI0Cc Ha pacCTOsSHUM 1/3 mimHBI OT Touku i (puc.

3.3.46.).
a)
/ Ef/—ﬁ/
g)

Puc. 3.3.4. N306paxeHne CTepXHEBbLIX 9N1IeMEHTOB NMPOrpamMMon Ha rpadpnyecknx
cxemax: a - npocrevee nsobpaxeHne CTEPXHEBOro dfieMeHTa, OPUEHTUPYEMOro no
ABYM y3nam; 6 - oTobpaxeHne ocCel NoKanbHOW CUCTEM KOOpAuHAT 3femMeHTa U
TpeTbero ysna Ansa arneMeHTa, OpMeHTUPYeMOro no Tpem yanam; 8 - oTobpaxeHue
dOpMbI CEYEHMST N OCEN NOKANbHON CUCTEMbI KOOPAMHAT; 2 - 00 beMHOe n3obpaxxeHne
CTEPXHS.

C nenbo BU3YyaJlbHOTO KOHTPOJISI MPAaBMIIBHOCTU YKa3aHUs YTIJIOB MOBOPOTA CEUEHHUH U
HKCIEHTPUCUTETOB MPEAYCMOTPEHA BO3MOKHOCTh OTOOpaKEHHUSI HANPABIICHUH Oceil oy (CHHUM
IIBETOM ) U 0Z (3€JIeHBIM IIBETOM ) mocepeaunHe 3iemeHTa (puc. 3.3.46), (¢GopMbl ceueHHs
anemeHnTa (puc. 3.3.42), 1 00bEMHOr0 U300pAKEHUSI BJIEMEHTa C y4eTOM (POpPMBI €ro ceueHus
(puc. 3.3.46). TpeOyemsblil criocod M300pa’keHUs HIEMEHTOB YKa3bIBAETCS MOJIb30BaTEIEM MPHU
pabote ¢ mporpammoii. CremayeT UMETh BBHIY, YTO M300paK€HUE JTAHHOTO AJIEMEHTa BCETr/a
IPO3payHo. [Ipumep wucnonb30BaHMSA BapUAHTOB M300pAKEHUS OHIIEMEHTa B MOJIENIHU
KOHCTPYKIIMH, COCTOSIIIEH W3 TUTACTUH W CTEPXKHEW, PaCIIONIOKEHHBIX C AKCIEHTPUCHTETOM
(moapeOpénnas 0600YKa ) IpeIcTaBiIeH Ha puc. 3.3.5.
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Puc. 3.3.5. N306paxeHne CTEpKHEBbLIX 3fIEMEHTOB B MOAENM, COCTOSILEN U3
CTEPXXHEN M NNacCTWH: a - NpocTenwee n3obpaxeHue Npu Henpo3payHblx NnactTuHax; 6
- oTobpaxeHne nokarnbHbIX CUCTEM KOOPAMHAT 3fIEMEHTOB W CEYEHUA CTEPXKHEN B
npo3padHon moaenu; 8, e u 0 - 06 beMHOE U30OpakeHne CTEPXKHEN B NPO3PaYHbIX U

Henpo3payHbiX MOOENSIX.
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Bxoonvie oannwie:
[Ipy HEMmOCPEICTBCHHOM OIMCAHMK JUIS KaKIOr0 SJeMEHTa 3aJafoTCsA CIIEIYIOIHe
JIAHHBIE;

1. Howmepa y3noB i, j , k. Ilpu opuenTanuu 1o AByM y3jiaM Hu k = i.

2. Cnoco0Obl COeMHEHMs] C APYTUMH 3J€MEHTaMu B y3Jlax [ U j ( KECTKOe WU
HIapHUPHOE).

3. OkcueHTpucHureTsl (Eyi, Ezi, Ey;, Ez).

4. VYrois noBopoTa ceueHus f .

5. Paccrosinust OT y3710B 10 OnacHbIX ceueHuit (Eyi, Eyj).

Mexannueckue CBOMCTBAa MaTepuana YKa3blBalOTCd B COOTBETCTBYIOLIEH 3amucy,
pacrioylaraeMoi nepe;i OIMCaHueM JIEMEHTOB.

['eomeTpuueckre XapakKTepUCTUKH CEYEHUs YKA3bIBAIOTCS B COOTBETCTBYIOIIMX 3aIUCHX,
pacrnojaraeMblX Iepel] ONMCAaHHEM 3JIEMEHTOB. B KauecTBE reOMETpUYECKHX XapaKTEPUCTUK
CEUEHMsI BHICTYNAIOT €ro IUIoNab ', MOMEHThI HHEPIUH OTHOCUTEIBHO Ocei ocelt 0y u oz (Jyy
u  J:z COOTBETCTBEHHO) , MOMEHT CONpPOTHBJIEHMSI KpydeHUIO Ji, a Takxke Tabiauua,
cofiepkaliasl Xx- )-  KOOPAMHAThl ONACHBIX TOYEK M KO3()QUUUEHTHl HanpsHKeHUH A
BBIUMCIICHUS] NPOEKLUUN KacaTelbHBIX HaNpsSIKEHUH OT Iepepe3bIBAIOLIUX CHI U KPYTALIEro
MOMEHTA Ha OCH JIOKAJIbHOW CUCTEMbI KOOPAUHAT 3JIEMEHTA.

Kpome ToOro, eciau XapakTepUCTUKH CEUEHHUSl CTEp)KHS MpPU ONPEIEICHUHM MacC WU
B3aUMOJICHCTBHUS C JKUAKOCTBIO OTJIMYAIOTCA OT XapaKTepUCTUK, MCIOJIb3YEMbIX MpU
onpeieNeHur SKECTKOCTH (HaJIM4uMe IOKPBITHUS, IIOJIOCTEM B CEUEHUM), a TaKXkKe IpHU
HEOO0XOJAMMOCTH OIMCaHMUs BETPOBOM HArpys3Ku, JAEHCTBYIOLIEH Ha CTEpXkKeHb, B HAOOP JaHHBIX
nepes; ONMHMCAaHUEM DJIIEMEHTOB HEOOXOIUMO TIOMECTUTh 3allCh C  JIOTIOJHUTEIEHBIMU
XapaKTePUCTUKAMU CEUCHUS CTEPHKHSL.

[Tpu HEOOXOAMMOCTH Y4€Ta B3aUMOJICHCTBUS CTEP)KHS C JKUIAKOCTHIO B HAOOpe JTaHHBIX
JI0JKHA HAXOJUTHCS 3aIIMCh C ONMCAHUEM I1apaMeTPOB IOBEPXHOCTH JKUAKOCTH.

Jlns y4yé€ra BEeTpOBBIX Harpy3ok B HaOope NaHHBIX JOJDKHA HaxOJIUThCS 3alliCh C
OINHMCaHUEM TPOEKLUH CKOPOCTH BETPa Ha OCH INI00aIbHOM CHCTEMbI KOOPAMHAT.

Bvixoonvle oanuvie:

B snemente onpenenstoTcst HAPSHKEHUS O ={ O'xx, Oxx, Oxx, U'xy, U'xz, Ty, Taz §, THEL

0" =px/ F - HOpMallbHOE HaNpsSHKEHHE OT PaCcTATHBAIONIECH CHIIBI px , JEHCTBYIOIIEH
BJIOJIb OCH OX;

0'x =my z w/ Jyy - HOPMAJIbHOE HANpPSIKEHHE OT H3TMOAIOIIEr0 MOMEHTa iy,
JIEWCTBYIOLIETO BOKPYT OCH 0 ,

Zm - Z - KOOpJAMHATA M - i OIIACHOM TOYKHU;

O =Mz Ym/ Jy - HOpPMaJbHOE HANpsSHKEHHE OT M3rHOAOIIEro MOMEHTa Mz,
JENCTBYIOILIEr0 BOKPYT OCH 0z ,

Ym -y - KOOpAUHATA m - i OIIACHOM TOYKH;

Txy =Py Kpym - KacaTeJbHOE HallpsDKeHHE OT IepepesblBalolliell  Cujbl p,
NEHCTBYIOLIETO BJOJIb OCH OV , Kpym - KOIPPUIMEHT KacaTeNbHBIX HANPSHKEHUH OT
[IepEPE3bIBAIOLLIEH CUIIBL Py UL M - U OIIACHOW TOYKU;

T'xz =Pz Kpzm -  KacaTe€lIbHOE HaIlpsDKEHME OT Iepepe3blBalolle cuisl p:
NEHCTBYIOIIETO BAOIb OCH 0Z , Kpzm - KOI((UIMEHT KacaTeabHBIX HAIMpPSDKEHUH OT
Mepepe3bIBAIONICH CUIIBL p, JJISL m - U OMACHOW TOYKH;

Ty =My Kmym U T'xz =My Kmzm - TPOEKLIUU KACATEIBHOI'O HAINPSHKEHUS OT KPYTAILIETO
MOMEHTA 7 , Ha OCH Oy U 0Z COOTBETCTBEHHO , Kimym U Kmzm - KOI(P(OUIMEHTHI KacaTeIbHBIX
HaNpsHKEHUW KPYYEHHST JJISI m - i ONACHOM TOYKWU;

m =1,2,3,...N, N - 41ci0 OnacHbIX TOYEK , 3a/laHHBIX JJIs1 CEUEHUSI.
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Jns snmeMeHTa BBIYKCIAKOTCS W BBIBOAATCA AMIUIATYAHBIE 3HAYEHUS HOPMAaJbHBIX
HaIpsDKEHUsT OT PACTSHKEHUS CKaTHs, HOPMAJIbHBIE W KacaTelbHbIE HANpsDKEHHS OT M3ruba B
MJIOCKOCTSIX X0y U X0z, KacaTeIbHbIC HANPsDKEHUS OT KPy4YeHUs 7° , a TaKKe MHTEHCHUBHOCTH
HanpspkeHud. HanpsokeHusi BBIYMCISIOTCA B JIOKAQJbHOW CUCTEME KOOPAMHAT IO CHIIOBBIM
dbakTopaM M XapaKTEPUCTHUKaM CEUCHHUs. BBIBOIATCS aMIUTMTYIHBIC 3HAYCHHs HaIPSKEHUH,
OnpeAeNsieMble NyTEM IOCIEAOBATEIbHBIX BBIYMCICHUNA I BCEX OIACHBIX TOYEK JBYX
CEUYEHHUM, pacTOJIOKEHHBIX Ha 3aJaHHBIX PACCTOSIHUAX OT Y3JI0B [ U J.

[Tpu rpaduueckomM oTOOpakeHUM HANPSHKEHUN H300pakeHHE JIEMEHTa OKPAIlliBaeTCs
OJIHMM IIBETOM, COOTBETCTBYIOIIUM MaKCHMAJIbHOMY (MJIM MUHUMAJILHOMY, €CJIM OH OOJIBIIIE 110
aMIUTUTY/]I€) YPOBHIO HAMPSKEHUH B €r0 TOUKaX.

Kpome HanpspkeHuii mnporpamMma oO€CIeYMBAaeT BBIYHMCICHHUE U BBIBOJ CHJIOBBIX
(hakToOpoB (PaCTATHBAIOIICH CHIIBI px , IEPEPE3BIBAOIINX CHII Py U p-, U3TUOAOIIUX MOMEHTOB
My W My B y3Jax i W j, a TAaKXkKe KPYTAILIErO0 MOMEHTA /1, B JIOKAIbHON CUCTEME KOOpPAMHAT ) B
TaOJIMYHOM BUIIE.

Marepuain sneMeHTa MOXKET ObITh H30TPOITHBIM, aHU30TPOIHBIM HJIH OPTOTPOTHBIM. {7151
AQHU30TPOMHOTO M OPTOTPONHOTO MaTepuaia HarpaBieHus JaedopManuili COOTBETCTBYIOT
HaIPABJIEHUSAM OCEH JIOKAIIbHON CUCTEMBI KOOPJIMHAT 3JIEMEHTA.
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3.3.3. KpuBonuHenHbIN CTEPXKEHb

B nporpamme peann3oBaHbl CIEAYIOLUIUE THIIbI KPUBOJINHEHHBIX CTEPIKHEBBIX
3JIEMEHTOB:

- KpUBOJIMHEHHBIM MPOCTPAaHCTBEHHBIM OpyC C BOCEMHAIATHIO CTEHEHSIMU CBOOOJIBI
(puc.3.3.6a), ucnosIThIBaOLMI AedopMany pacTsHKEHUS-CKATUS U u3ruba B JABYX
IJIOCKOCTSIX, @ TAKXKE KPyUEHUS.

- KpPHUBOJIMHEHHBI MPOCTPAHCTBEHHBIH Opyc ¢ NATHAAUATHIO CTENEHSMHU CBOOOJBI
(puc.3.3.6.6), ucnbIThIBalOIMK  JedopMallMKd  PACTSHKCHHUA-CKATUS M M3ruba B JIBYX
IUIOCKOCTAX (OT MpeblIylIero OTIMYAeTCs IAPHUPHBIM 3aKPEIJICHHEM OHOTO U3 Y3II0B);

- KPUBOJIMHENHBIA Opyc, IAPHUPHO CBA3BIBAEMBIN C JPYrUMH 3JIEMEHTaMU B KpallHUX
y3j7aX HMMEIOIINI, COOTBETCTBEHHO, JIBEHAIATh CTEIEeHer cBoOoabl (puc.3.3.66).

s paccMaTpuBaeMbIX 3JIEMEHTOB I10JIAraeTCsl, YTO BCE Y3JIbl 3JIEMEHTA JIEKAT B OJJHOM
IUIOCKOCTH Ha Jyr'e OKPY>KHOCTH pajiyca r ¢ IEeHTpOM B Touke ¢ (puc. 3.3.7). IIpu 3ToM y31bl i 1
J pacmoJioKeHsbl 10 KOHIIAM CTEPKHS, a y3el k — mocepeInHe FJIeMEeHTa.

JUis opueHTaluM CEeYeHUH pacCcMaTpUBAEMBIX AJIEMEHTOB B IPOCTPAHCTBE BBEJIECHBI
BCIIOMOTaTeNbHas - X0’y 7’ ¥ JIOKaJIbHASI X0yZ CUCTEMbI KOOPIAUHAT 3JIEMEHTA.

Hauano BcnomorarenbHOM CHCTEMbI KOOPAMHAT 0’ pacloIOKEHO B paccMaTpUBAaEMOM
CEUEHUU CTEpKHSI Ha Jyre OKPY)KHOCTH, Hpoxojsuied yepe3 y3ubl i, k u j. Ocs o’ x’
HaInpaBieHa 0 KacaTeJIbHOU K Ayre okpykHocTH. Och 0’ y’ HanpaBieHa 0 pauycy, T.€. JIeKHUT
Ha IpSAMOH, IPOXOASILEH Yepe3 TOUKU ¢ U 0.

Puc. 3.3.6. KpMBonnHenHble CTepXXHEBbBIE 3NIEMEHTDI: a - ANeMeHT ¢ 18-10
cTeneHamMu cesoboabl; 6 - aneMeHT ¢ 15-10 cteneHsamMmn cBobobl; 8 - ANEMEHT ¢ 12-10
cteneHsiMu cBoboapl

Havano sokanpHOW cHCTEMBI KOOpPAMHAT  PAaclOJOKEHO HA HEUTPalIbHOW JIMHHUM
ceueHus cTepkHs B miockoctu o’ y’ z’. Ilpu aToM ocu 0’x’ u ox mapamnenbHbl. B obmem
cllydyae, Hadajo JIOKAJbHOM CHUCTEMBI KOODAMHAT CMEIIEHO OTHOCHUTEIBHO Hadaja
BCIIOMOTATEJIbHON CUCTEMBI KOOPJIMHAT B HAIPABJIECHUU OCeW 0’y’ 1 0’7’ Ha 3aJJaHHbIC BETUMYMHBI
skcueHTpucutetoB (Ey u E; coorBercTBeHHO). Ocu oy U 07 MOTYT OBITh IMOBEPHYTHI
OTHOCHUTENIbHO oceil o0’y’ u 0’7’ Ha yron  f, UMEHyeMblid B IporpaMme YrjioM MOBOpOTa
ceueHus . B MmMpPOKO pacnpoCTpaHEHHOM YaCTHOM Cllydae, KOTJa 3KCIEHTPUCHUTETBI M Yroj
MOBOPOTA CEYEHHUs DPAaBHBI HYJIIO, OCH JIOKAIbHOM M BCIIOMOTaTENIbHOM CHCTEM KOOPAMHAT
COBMAJALOT.
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BcenomoratenbHas cucrtemMa KOOpAMHAT 3JEMEHTa X’0’y’z’ OpUEHTHpYETCs IO TpEM
y3naMm. Havano nexxur B y3i1e i, oCb 0°X’ JISKHUT B INIOCKOCTH, IPOXOSLIEH Yepe3 y3ibl i , j U
! . Ecnu opuentupyroniuit y3en I/ He 3ajaH, To nojaraercs, uto I =k.

[Tpu 3TOM monaraercs, 4To SKCIEHTPUCUTETHI JIUHEHHO U3MEHSIOTCS OT y37a i K Y31y J,
B KOTOPBIX OHM 33JlaHbl B KaU€CTBE MCXOAHBIX JAHHBIX. JKCLEHTPUCUTETHI MOTYT 3a/1aBaThCs
TOJIbKO B y3JlaX, UMEIOIIUX IIEeCTh CTENeHel cBOOOMbL. [ MIapHUPHBIX Y3J1I0B OHU PaBHBI
HYJIIO.

Kpome Toro, mis K3 MOXHO 3agaTh paccTOSHUS OT Y3JIOBBIX TOYEK /10 CEUYCHHI, B
KOTOPBIX ONPENENIAIOTCS HaNpsKEHUs. OJTO LEeNeco00pa3Ho JenaTh B TeX Cllydasx, KOrjaa
pealbHOE CEUEHHUE CTEepPXKHS HAXOAUTCS Ha 3HAYUTEIBHOM DPACCTOSHUM OT Y3JI0BOM TOYKHU
cxembl. [IpumMep Takoi cuTyanuu npeacTaBieH Ha puc. 3.3.26. Bee cocTaBisionine HanpsKeHU
OTIPEIEIIAIOTCS B JIOKAIBHON CHUCTEME KOOpIMHAT CTEP)KHSI B TOUKAX CEUEHHS, YKa3aHHBIX Kak
OIIACHBIE NPU 33JJaHUH FEOMETPUUECKUX XapaKTEPUCTUK CEUCHMUSI.

C

Puc. 3.3.7 OnemeHT kpnBon 6pyc.
1 — pyra oKpy>XHOCTU, coeanHsaowaa yanol i K j ;
2 — HENTpanbHas NMNHUS CTEPXKHS.

Ocu oy 1 07 MOryT OBITH MMOBEPHYTHl OTHOCUTENBHO Oceil 0’y’ u 0’7’ Ha yron f,
UMEHYEMBIH B IPOTpaMMe YIIIOM TIOBOPOTa CEUCHHS.

JKEcTkocTh CTEpXKHSI OMpenessieTcss B COOTBETCTBHM C M3BECTHBIMU (hopMyiamu JUIs
n3ruba kpuBoro Opyca/ 27,35 wu np./
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J1s 5IEMEHTOB ¢ CeueHUEeM B BUE TPYObl ¢ BHYTPEHHUM M HApYKHBIM PATUYCaMH 7 U 7'y
, B coorBerctBuu co CHMUII pacuéra TtpyOompoBogoB / 32 /, y4uThIBaeTCS MOHWKCHHUE
KECTKOCTU CTEP)KHEU IIyTEM YMHOXKCHUS T'€OMETPUYECKUX XapaKTEpUCTUK HMX CEYCHHMM Ha
KO3 (OULMEHT MOHMKEHUS KECTKOCTH Kye , @ TAKXKE MOBBIMICHUS U3TUOHBIX HAMPSIKEHUN MyTEM

UX YMHOXEHUS Ha KOd3()(UUMEHT yBenuueHus HanpsokeHuid ko . Ot K03DUIMEHTHI
OTIPEJICIIAIOTCS C BHIPAKCHUSIMHU

x A ro— 09

e T 1 Lz 124 o B2 COOTBETCTBCHHO

pYe 1.65 /L}( )

rie

&zéa

c
&, =7, —7, - TONIINHA CTEHKH TPYOHI,
P - panuyc KpUBHU3HBI CTEPIKHS,
r,

7. =5 - CpEeIHUM paguyc CTEHKHU TPYyOBI,

B nmporpamme peain3oBaHO HECKOJbKO BHUAOB H300paKeHHsI pPaccMaTpUBAEMBIX
JJIEMEHTOB Ha TpaduuecKux cxemax. B mpocreilmem ciydae 3JI€MEHTHI H300paXKaroTcs
OTpe3KaMH INPSAMBIX C OKPYKHOCTSIMM B TOYKaxX pacrnojioxkeHus y3inoB. Hampasienus oceit
JIOKQJIbHOM CHUCTEMBI KOOPAMHAT B COOTBETCTBYIOIIEM PEXKUME OTOOPAKAIOTCS TOJIBKO VIS y3Jia
k. Bo03MOXHO oTOOpa)keHHE KOHTYPOB CEUEHHUH 3JIEMEHTAa, KOTOpPbIE BBIBOJIATCSA MOCEpEIUHE
ydyactkoB i-k u k-j.

Bxoousie oannvie:

[Ipy HenmocpeACTBEHHOM ONMCAHMU JJISl KaKJIOro JJIEMEHTA 3aJaloTCs CIEAYIoLue
JlaHHBIE:

6. Homepa y3noB i, j , kK , I. Eciu opuentupyroommii yzen ! .He 3amaH, TO
nosiaraercd, uro ! =k . Ecnu B nmociieqHem ciyvae y3isel i, j , kK 1€XaT Ha OJHOW IPSIMOM, TO
OpUEHTalMsl BBINOJHAETCS 1O JAByM y3naM. [lpm 53Tom momaraercs, 4To ocb 0y’
BCIIOMOTATeNIbHOW CHUCTEMbl KOOpAMHAT HapaieibHa IIockocTd XOY rinobanbHON CHUCTEMBI

koopauHat. Ilpu k = i wmm k = j cTepXeHb paccMaTpUBAEeTCs KaK OOBIYHBIN
MIPSAMOJIMHEHHBIN.

7. CriocoObl COeTUHEHUS! C JIPYTUMH 3JIEMEHTaMU B y371ax [ U j ( JKECTKOEe WM
LIApHUPHOE).

8. OkcueHtpucHuretsl (Eyi, E.i, Ey;, Ez).

9. VYros noBopoTa ceueHus f .

10. PaccrostHust OT y3710B /10 onacHbIX ceueHui (Eyx;, Eyj).

MexaHnueckue CBOMCTBA MaTepuaja YKa3blBalOTCS B COOTBETCTBYIOIIEH 3allMCH,
pacrioyiaraeMoi nepezi OIMCaHueM JIEMEHTOB.

Marepuan 37eMeHTa MOXKET ObITh U30TPOIHBIM, aHU30TPOIMHBIM WJIM OPTOTPONHBIM. J1Jist
aQHU30TPOIMHOIO U OPTOTPOMHOrO0 MaTepualia HampaBiieHus JedopMaluii COOTBETCTBYIOT
HAIPaBJICHUSIM OCEH JIOKAJIbHOM CHCTEMBI KOOPJUHAT B PACCMAaTPUBAEMON TOUKE DJIEMEHTA.

['eomeTpryeckue XapaKTEepUCTHKU CEYEHHs YKA3bIBAIOTCS B COOTBETCTBYIOIIMX 3aIHCSX,
pacrnojaraeMblX Iepel] ONMCAaHMEM 3JIEMEHTOB. B KauecTBE IeOMETPUYECKHX XapaKTEPUCTUK
CEUEHHs BBICTYNAIOT €ro IUIOoMIaib F, MOMEHThI MHEPLIMHA OTHOCUTENIBHO ocell ocelt 0y U 0z (Jyy
U J  COOTBETCTBEHHO) , MOMEHT COINpPOTHBIIEHHS Kpy4deHHIO J;, a Takxke TaOnuua,
colepkamiasi x- )-  KOOpAWHATBHl OMAaCHBIX TOYEK MU KOIPGUIUEHTHl HANPSIKEHUH s
BBIUMCIICHUS] NPOEKLUN KacaTelbHBIX HANpPSKEHUH OT IEpEpe3bIBAOIIUX CHWII U KPYTSILErO
MOMEHTa Ha OCH JIOKAJIbHOM CHCTEMBbI KOOPJMHAT 3JI€MEHTA.
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Kpome Toro, ecim XapakTepUCTUKU CEUEHHUs CTEP>KHS NPHU OMNpPENEIeHUU MacC WU
B3aUMOJICMCTBUSL C JKUJIKOCTBIO OTJIMYAKOTCA OT XapaKTEPUCTHK, HCIOIb3YEMBIX IpHU
ONpENIETICHUN KECTKOCTU (HAJIMYME TMOKPBITHS, TOJIOCTEH B CEUEHHUH), a TaKXKe IMpHU
HEO0OXOUMOCTH ONMCAHUS BETPOBOM HArpy3KH, NEHCTBYIOIIEH Ha CTEP:KEHb, B HA0Op NaHHBIX
nepea  ONHMCAHMEM JJIEMEHTOB HEOOXOJMMO IOMECTUTh 3alucCh C JIONOJIHUTEIbHBIMU
XapaKTEPUCTUKAMH CEUEHHUSI CTEPHKHSI.

[Tpu HEOOXOAMMOCTH Y4ETA B3aUMOJICHCTBUSI CTEPXKHS C JKUJIKOCTHIO B HAOOpE JTaHHBIX
JIOJI’KHA HaXOJIUThCS 3aIIUCh C OMMCAaHUEM MapaMeTPOB MOBEPXHOCTU KUIAKOCTH.

Jlis yduéra BETPOBBIX HArpy30K B Ha0ope MaHHBIX JOJDKHA HAXOJIUTHCS 3aMUCh C
OMKMCAHUEM MPOEKLUN CKOPOCTH BETpa HAa OCH I100AIbHON CUCTEMbI KOOP/IUHAT.

Buvixoonwvie oannvie:

B snemente onpenenstoTcs HAMPSHDKEHUS O ={ O'xx, O xx, Oxx, Ty, Tz, Ty, Tz |, TIE:

0%« =px/ F - HOpMallbHOE HaNpsDKEHHE OT PACTATHBAIOIICH CHIIBI px , NEHCTBYIOMIEH
BJIOJIb OCH OX;

o' =my z w/ Jy - HOPMaIbHOE HANpPSIKEHHE OT H3TMOAIOIIEr0 MOMEHTa iy,
JIEHCTBYIOILIETO BOKPYT OCH 0Y ,

Zm -Z - KOOpAMHATA M - i ONIACHOW TOYKH;

% =mz Ym/ Jy - HOpPMajbHOE HANpsHKEHHE OT M3rHOAOIEro MOMEHTa 7y,
JIEHCTBYIOIErO BOKPYT OCH 0z ,

Vm -y - KOOpJIMHATa M - i ONAaCHOM TOYKHU;

Ty =py Kpym - KacaTellbHOE€ HamnpspDKeHHE OT Iepepe3blBalolleid CWibl py
JNEHCTBYIONIETO BJOIb OCH 0V , Kpym - KOIPQPUIMEHT KacaTCIbHBIX HAMPSKCHUA OT
MepepE3bIBAIOIIEH CHIIBL p) IS M - U ONTACHOW TOYKH;

T'xz =p: Kpzm -  KacaTelbHOE HANPSIKEHHE OT MEepepe3blBaAOIIe CHIbl p:
NEHCTBYIOIIETO BAOIb OCH 0Z , Kpzm - KOI(D(PUIMEHT KacaTeNbHBIX HANPSKEHUA OT
Mepepe3bIBAIOIICH CUIIBL p, JUISL M - i1 OACHOM TOYKH;

Ty =Mx Kmym U Txz =Mx Kmzm - TPOEKIUHU KaCATEIBHOIO HAIPSDKEHUS OT KPYTALIETO
MOMEHTa My , HA OCH 0y W 0Z COOTBETCTBEHHO , Kmym U Kmzm - KOIPPUIMEHTH KacaTelbHBIX
HaIPSOHKEHUN KPYUEHUs U1 m - U ONIaCHOM TOYKH;

m =1,2,3,...N, N - 4HCJIO OITaCHBIX TOYEK , 3aJaHHBIX IS CEUECHUS.

JInst »reMeHTa BBIUMCISAIOTCS W BBIBOJSATCA AMIUIMTYAHBIE 3HAYEHUS HOPMAJIbHBIX
HaIpsOKEHUsT OT PACTSHKEHUS CXKaTvs, HOPMaJIbHBIE W KacaTelbHbIE HANpPsDKEHHS OT M3ruda B
IJIOCKOCTSIX X0y U X0z, KacaTeJIbHbIE HANPSDKEHUS OT KPY4YeHUs 7° , a TaKXKe MHTEHCUBHOCTH
HarpspkeHud. HampsokeHus: BBIYMCISIIOTCA B JIOKQJIBHOW CHCTEME KOOPAMHAT MO CHJIOBBIM
dakTopaM M XapakTEpHUCTUKAM CeueHUs. BBIBOASTCS aMIUMTYAHbIE 3HAYEHUS HAMpPsLKEHUH,
ompenesieMble MyTEM TOCIEIOBATEIbHBIX BBIUMCICHUNW  JUIsI BCEX OIACHBIX TOYEK JBYX
CEUYEeHMH, pacIoNOKEHHBIX Ha 3aJJaHHBIX PACCTOSHUSX OT Y3JIOB I U .

[Ipu rpaduueckom oToOpakeHWH HaANpPsHKEHUH M300pa’keHHe dJIEMEHTa OKpallliBaeTcs
OJIHUM IIBETOM, COOTBETCTBYIOIIUM MaKCUMAIbHOMY (MJIM MUHUMAJIbHOMY, €CJIM OH OOJIBIIE 10
aMIUTUTY/I€) YPOBHIO HAMPSDKEHHH B €r0 TOUKaX.

Kpome wHampspkeHuit mnporpamMMa oOecrleurMBaeT BBIYMCIEHHE W BBIBOJ CHIIOBBIX
(bakToOpoB (pacTATUBAIOLICH CHUIIBI px , MEPEPE3BIBAIOIINX CHUII Py U P, U3TUOAIOIIMX MOMEHTOB
My W My B y3Jax i W j, a TaKXkKe KPYTALIEro MOMEHTA /1, B JIOKAJIbHON CUCTEME KOOpAUHAT ) B
TaOJIMYHOM BHUJIE.
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3.3.4. Ocob6eHHOCTU MOAENMPOBaHUSA INIEMEHTOB TpybG4aToOro cevyeHus

J1J1s 571IeMEHTOB C CEYEHUEM B BHJI€ TPYOBI C BHYTPEHHUM U HAPYKHBIM PAIUyCaMU 7 U 7y,
, Ha BHYTPEHHEH M HapYXHOW ITOBEPXHOCTAX KOTOPOM HEWCTBYIOT JHaBiieHUs Ps u Py
COOTBETCTBEHHO, OIPEIEISIOTCS, TaKKe, HOPMajbHbIE HANpsHKEHHs Ha HapyXHOW oy H
BHYTPEHHEH O s MOBEPXHOCTSX OT JaBJEHHH B TAHT€HIMAILHOM HAIpaBJICHUM K OCH KaHala.
BenuunHa 3THX HANpsOKCHHWA OMPEACISETCS MO0 HM3BECTHBIM (GopMysiaM JJisi TOJICTOCTCHHOTO
LUAJTUHIPA

rne =7, uma 7 =7, npu onpeneieHuu 041 o'y COOTBETCTBEHHO.

PanuanpHple HanpspkeHHsT OT JaBJICHUN Ha HAPY)KHOW W BHYTPEHHEH IOBEPXHOCTH
TPYOBI TIOJIATAFOTCSI PABHBIMHU JIABIICHUSAM Ha dTHX MOBEPXHOCTSX, B3STHIM C OOPATHBIM 3HAKOM.
[Ipy mocrtpoeHMH ypaBHEHHUN paBHOBECHUS HW3MEHEHME JUIMHBI CTEP)KHS  IOJA JIEUCTBHUEM
paMaTbHBIX HAPSDKEHUH & YYUTBIBACTCS 10 PHOIMKEHHOH Gopmyrie

_ t »
£, = ,a(crc + 0] e

>

I

| )
c, = E (c,+0.)
- cpenHee TAHTCHIIUAJIBHOC HaprDKCHI/Ie,

ia ]' i s
o :E(JH +0,)
- CpeIHEE paiMaIbHOE HaAIIPSKEHUE.
I[J'IH KpHBOJ’IHHCﬁHOFO AJICMCHTA y‘II/ITHBaeTCH, TaKXKCEC, pacnpeﬂenéHHaﬂ 10 JJIMHE
3JIEMCHTA CHUJIa, BO3HHUKAaroIas BCICACTBUEC I[GﬁCTBI/ISI CTAaTUYCCKOI'0O JaBJICHUA HAa CTCHKH pr6I)I,
u oOycrnoBineHHass KpuBU3HOW crepxkHs /30/. [leiicTBue JaHHOM CHIIBI  ONMCHIBAETCS

. . (P . o
SKBHUBAJeHTHOI cunoit f,”’, HampaBneHHO# MO paguycy U3ruda U NPUIIOKEHHOMH TocepeInHe
CTepkKHs. BenuurHa 3TON CUIIbI ONIPEEIeTCS BBIPAKEHUEM

72 =al?p, -rlp,)eosE
2,
TA€ @ - Yroi, OXBaTbIBAEMbIN AYroi HEUTPAIBLHOMN JIMHUY CTEPXKHS.

B cooTrBercTBUU C adropuTMaMu MeTOJa KOHEUYHBIX 3JEMEHTOB 3Ta CHJIa, IPUBOAUTCA K
9KBHMBAJICHTHBIM Y3JIOBBIM YCHIIHSM.

JlaBneHus BO BHYTpEHHEH IOJOCTH W CHApYXH 3aJal0TCsl HESIBHO, IMYTEM OMMCAHUS
CBOMCTB cpenbl (ra3a, »KMIKOCTH HWJIM TOBEPXHOCTH JKUJIKOCTH) B 3alMCAX, PacloylaraéMbIX
nepeJi onucaHueM 3y1eMeHToB. [Ipu 3ToM IeHCTBYIOT cleayrole npaBuia.

1. IlocnenHss u3 3anucei ¢ ONMMCAaHUEM CBOMCTB Ia3a WJIN MOBEPXHOCTH KUAKOCTH ONHUCHIBAET
JIaBJICHUE U TUIOTHOCTh CPEIbl, HAXOASIIENHCS B IOJIOCTU CTEPIKHSI.

2. Eciu B Habope [aHHBIX JBE 3alMCH C OIMCAHMEM CBOMCTB Traza WM KHJIKOCTU
pacmojoXKeHbl APYr 3a APYroMm, TO CUUTAETCs, YTO MepBas U3 HUX OMNMCHIBAET JaBJCHHUE U
IapaMeTpsbl CPEJIbl CHAPYKU CTEPKHSI, a BTOpasi — BHYTPH.

3. 3anuce €O CBOWCTBAMM ITOBEPXHOCTH JKHUJKOCTH, pPACIIOJIOKEHHAs IIepel] OINUCAHHUEM
9JIEMEHTA, 33/1aET JIaBJICHUE CHAPY)KU AJIEMEHTa B COOTBETCTBHUH C €r0 INTyOUHOM.

4. TI'myOuHa sJeMeHTa OMpPENEeNseTCSs OT IMOBEPXHOCTH >XKHAKOCTH Mo ocu (OZ rino0ambHOMI
CUCTEMBI KOOPAMHAT.
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5. Jlns ompeneneHUs AAaBICHUS IKUAKOCTH KpoMme €€ CBOWCTB HEOOXOIMMO 3a1aTh, TaKKe,
CUJTy TSDKECTH B BUJE CHJIBI paclpeleEHHON MO mMacce JIelcTByome mo ocu OZ u paBHOU —
9.81 H/xkr.

Puc. 3.3.8. K Bonpocy y4éTta pagmanbHOM curbl OT JaBNEHU Ha MOBEpPXHOCTU
KPMBOIO CTEPXHA TPyOYaToro ceyeHus.
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3.3.5. CtepKHeBble 3fieMeHTbl Tpy6onpoBoaoB

PaccmaTpuBaeMble B JaHHOM paszeie DJIEMEHTBl SBIIOTCS 4YaCTHBIM  CIIy4aeM
YHUBEPCAIbHBIX  CTEP)KHEBBIX AJIEMEHTOB (CTEpP)KEHb NPSIMOM M  CTEP)KEHb KPHUBOMU
COOTBETCTBEHHO) M HMEIOT TE€ € CBOWCTBA, YTO M YKa3aHHbIE 3J€MEHThl. VckiodeHnem
SIBJISIFOTCS HEBO3MOKHOCTD 3a/IaHMS SKCLIEHTPUCUTETOB U OPUEHTALMS TOJIBKO 10 JBYM Y3JIaM.

Jnst seMeHTa HeT HeOOXOJUMOCTH B 3a/IaHUN CEYCHUS, YKA3bIBAIOTCS TOJIBKO THAMETPHI
MPOXOJHOTO CEYEHHs M TOJIIMHA CTEHKH B y371ax. Takum oOpa3oM, ceueHHEe SJIEMEHTa MOXKET
OBITH IEPEMEHHBIM.

B nporpamme peann3oBaHbl 1Ba OCHOBHBIX THIIBI 3JIEMEHTOB TPyOONpOBOAA - MPSIMON U
KPHUBOJIMHEHHBIN.

3.3.5.1 Mpsamon anemeHT TpybonpoBoaa

OO0muit B 3JIeMEHTa NpejcTaBieH Ha puc.3.3.9.

Bxoonwvie oannvie:

[Ip HENMOCPEJACTBEHHOM ONHMCAHMH IS KaKIOTO JJIEMEHTA 3aMaloTCs CIIEAYIOIINE
JIAHHBIC:

11. Howmepa y3noB i, j.

12. JlnameTpsl MpoxoaHOro ceyeHus B y3nax i u j ( di u dj COOTBETCTBEHHO).

13. Tonuuuel cTeHku B y31ax ( hi u hj COOTBETCTBEHHO).

14. CrocoObl coenvHEHUs C APYTMMHU JJIEMEHTaMU B y37axX i U j (KEeCTKoe WM
LIapHUPHOE).

MexaHnueckue CBOMCTBAa MaTepuana YKa3blBalOTCS B COOTBETCTBYIOLIEH 3allMCH,
pacroyslaraeéMoy nepes; OnuCaHueM JIEMEHTOB.

Ecnu XxapakTepUCTUKU CEYEHUS CTEP KHS IIPU ONPEAEICHUU MacC WM B3aUMOJICHCTBUSA C
KUJKOCTBIO OTJIMYAKOTCS OT XapaKTEPUCTHK, HCIOJIB3YEMBIX IIPHU OIPEACICHUH KECTKOCTU
(HanmMuue MOKPHITHS, OJOCTEH B CEUEHHUH), a TaKXkKe MPHU HEOOXOAUMOCTH OMUCAHUS BETPOBOM
Harpys3ky, JAEWCTBYIOLIEH Ha CTep)KeHb, B HAOOp JaHHBIX IEpe] ONHCAHHEM 3JIEMEHTOB
HE00XO0AUMO MTOMECTHUTD 3aIUCh C JOMOJHUTEIbHBIMHU XapaKTEPUCTHUKAMH CEUEHHS CTEPHKHSL.

[Tpu HeoOXxoaMMOCTH y4€Ta B3aMMOJCHCTBUS CTEPXKHS C KUIAKOCTbIO B HAOOpE JaHHBIX
JOJKHA HAXOJUTHCA 3aIUCh C ONIMCAHUEM I[1apaMeTPOB IOBEPXHOCTHU KUAKOCTH.

Jlnsg y4yé€ra BEeTpOBBIX Harpy3ok B Habope JaHHBIX JOJKHA HaXOIUThCS 3aIllUCh C
OINMCaHUEM MPOEKLUI CKOPOCTH BETPa Ha OCH INI00aIbHOM CHCTEMbI KOOPAMHAT.

Bvixoonuvie oannvie:

Jns snemeHTa MOTYT OBITH ONpEAENEeHbl U BBIBEICHBI T€ K€ KOMIIOHEHTHI Y3JOBBIX
YCWINH M HaNpsOKeHWH, 4TO M JUIs yHHUBEpcajdbHOro crepkHs (cm.m.3.3.1), B ToM uucie u
BBI3bIBAEMbIE BHYTPEHHUMH U HAPYKHBIMU JABIICHUSMHU.
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Puc. 3.3.9. lNpsamon anemeHT Tpybonposoaa.
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3.3.5.2 KpuBonuHenHbIn 3neMeHT Tpybonposoaa

OO0muit B 2JIeMeHTa npezacTanieH Ha puc.3.3.10.

Puc. 3.3.10. KpnBonuHenHbIn aneMeHT Tpybonposoaa.

Bxoouvie oannvie:

[Ipy HenmocpeACTBEHHOM OMNMCAHMU JJISl KaXJIOro JJIEMEHTAa 3a/aloTCs CIEAYIoLue
JlaHHBIE:

Howmepa y3noB i, j , k.
JuameTpsl mpoxoHoro ceueHus B y3naxi u j ( di, di v di coOTBETCTBEHHO)
Y TOJIILIMHBI CTeHKHU B y3nax ( hi, hj W hi COOTBETCTBEHHO).
3. Cnocobbl COeIUHEHHUsl C JAPYTMMHU 3J€MEHTaMM B y3/lax i M j ( KEecTkoe WM
HIApHUPHOE).

MexaHuueckue CBOMCTBA MaTepuaja yKa3bIBAlOTCS B COOTBETCTBYIOIIEH 3allMCH,
pacrioyiaraeMoi nepe;si OMCcaHueM JIEMEHTOB.

Marepuan 37eMeHTa MOXKET ObITh H30TPOIHBIM, aHU30TPOMHBIM WJIM OPTOTPONHBIM. J1Jist
AHU30TPOIMHOIO U OPTOTPOMHOrO0 MaTepHualia HampaBiieHus JedopMaluii COOTBETCTBYIOT
HAIPaBJIEHUSIM OCEH JIOKAJIIbHOM CHCTEMBI KOOPJUHAT B PACCMAaTPUBAEMON TOUKE 3JIEMEHTA.

['eomeTpryeckue XapakKTEepUCTHUKN CEYEHHS YKa3bIBAIOTCS B COOTBETCTBYIOIIUX 3aIUCSX,
pacrnojaraeMblX Iepel] OMMCAaHMEM JJIEMEHTOB. B KauecTBE IeOMETPUYECKHX XapaKTEPUCTUK
CEUEHHs BBICTYNAIOT €ro IUIOMaab F, MOMEHThI MHEPLIMHA OTHOCUTENIBHO ocell ocelt 0y U 0z (Jyy
U J  COOTBETCTBEHHO) , MOMEHT COINpPOTHBIIEHHS Kpy4deHHIO J;, a Takxke TaOnuua,
colepkamiasi x- y-  KOOpAWHATBHl OMNAaCHBIX TOYEK MU KOIPGUIUEHTHl HANPSIKEHUH IS

N —
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BBIUMCIICHHSI TIPOCKIIMN KacaTeNbHBIX HAMPSHKEHUH OT TMEepepe3bIBAIONINX CHI U KPYTAIIETO
MOMEHTA Ha OCH JIOKAJTbHON CUCTEMBI KOOPAWHAT JIEMEHTA.

Kpome TOro, ecinm XapakTepUCTHKU CEUYCHUS CTEPKHS TPH OINPEACICHUH MacC WA
B3aUMOJICCTBUSL C JKHUJIKOCTBIO OTJIMYAIOTCS OT XapaKTePUCTHK, HCIOJIb3YEMbIX TpHU
OTpeeieHu: KECTKOCTH (HATWMYMe TOKPBITHS, TIOJOCTEH B CEUEHUH), a TaKKe IpHU
HEOOXOIMMOCTH OIHMCAHMS BETPOBOW HArpy3KH, JACHCTBYIOIICH Ha CTEPKEHb, B HAOOp JTaHHBIX
nepes OMHMCAHHWEM DJJIEMEHTOB HEOOXOAMMO TIOMECTUTh 3alUCh C JIONOJHUTEIBHBIMU
XapaKTEPUCTUKAMH CEUCHUS CTCPIKHSI.

[Tpn HEOOXOAMMOCTH Y4ETa B3aUMOJICHCTBUS CTEPXKHS C JKUIKOCTHIO B HAOOPE JaHHBIX
JIOJDKHA HaXOJIUTHCS 3aIUCh C OMIMCAaHUEM TapaMeTPOB MOBEPXHOCTH JKUIKOCTH.

Jlis ydéra BETPOBBIX HArpy30K B Ha0ope MaHHBIX JOJDKHA HAXOJIUTHCS 3alUCh C
OTNMCaHUEM MPOCKIIMI CKOPOCTH BETpa Ha OCH III00ATBbHOM CHCTEMBbI KOOPIUHAT.

Boixoonwsie oannvie:

Jlisa snemeHTa MOTYT OBITh OIpENeleHbl M BBIBEIEHBI T€ K€ KOMIIOHEHTHI Y3JIOBBIX
YCWJIMH WU HANpsOHKEHWH, 4TO U JUIs YHUBEPCAJIBHOTO cTepkHA (cM.n. 3.3.3), B TOM 4yucie u
BbI3bIBACMble BHYTPEHHUMH U HAPYKHBIMU JAaBICHUSMHU.
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3.3.6. CtepxeHb NnepeMeHHOro ce4yeHus (pbiyar)

B nporpamme peann3oBaHbl JBa OCHOBHBIX THIIBI 3JIEMEHTOB IIEPEMEHHOI'O CEUCHHUS -
IIPSIMOW U KPUBOJIMHENHBIN. B 1OKyMEHTaX 1 KOMMEHTApUAX 2JIEMEHT JAaHHOIO TUIIA JUIS
KPaTKOCTH UMEHYETCSl PhIYaroM.

ONEeMEHTHI SBIASIOTCS YaCTHRIM ClIydacM YHUBEPCAJIBbHBIX CTCPIKHEBBIX DJICMCHTOB (CTep)KeHI)
HpﬂMOﬁ " CTCPKCHDb KpHBOfI COOTBCTCTBCHHO) 1 UMCIOT TC XKC CBOﬁCTBa, 4YTO U YKa3aHHBIC
3JIeMEHTEIL. VICKII0UeHHEM SIBIISICTCS HEBO3MOXKHOCTD 3aJaHuUsI SKCHCHTPHUCUTCTOB.

Jlis anemMeHTa HeoOX0JMMO 3a/1aTh CeYeHHE U KO3 (OUIMEHTHl N3MEHEHHs TabapuTOB CEUEHUS B
y3710BbIX Toukax 1o ocsim oy u 0z JICK (Ky;, Kz;, Ky;, Kzj, a nns xpuBoauHeitHoro u Ky, Kzr).

PeanbHbIe pa3mMephl ceueHUs B TOYKE DJIEMEHTA OMPEICIISIOTCS BHIPAKCHUSIMH
Y=|N|{Ky} u Z=|N|{Kz}, rae |N|-matpuua GyHKIUI GOPMBI ITEMEHTA,

{Ky}u {Kz}-BeKTOpHI y31OBbIX 3HaUCHUHN KOI(PPHUIIECHTOB U3MEHEHUS Pa3MEPOB CEUCHUSI.
Takum 00pa3oM U3MEHEHHE Pa3MEPOB CEUCHUS DJIEMEHTA 110 JTUHE JIJISl IPSIMOJTHHEHHOTO
AJIEMEHTA OCYIIECTBISAETCS JIMHEHHO, a Il KpUBOJIUHEHHOTO - TI0 KBaApaTUYHOM 3aBUCIMOCTH.

Z[J'ISI Y3JIOBBIX TOYUCK Fa6apI/ITHLIC PasMCPhI ceueHUM OIIPEACIIAIOTCA BbIPAXKCHHUAMU

B =Kym By, u Hy,=Kim Hm, rac m = i9 j, k.

3.3.6.1 MNMpsamon pbiyar
OO0muit B 25ieMeHTa npejcTanieH Ha puc.3.3.11.
Bxoonuvie oaunvie:

IIpr HemocpeaCcTBEHHOM ONMCAaHMM I KaXJAOro 3JIEMEHTA 3aJal0TCA  CIEAYIOLINE
JNaHHELIE:

1. Homepa y3noB i, j, k. Ecnu opuentupyromuii y3en k .He 3ajaH, TO ToJIaraeTcs,
yro k=i .

2. KoaddpuimeHts! n3MeHeHns rabapuToB CEUEHHUs B y3JIOBBIX TOUKaX 1O OCSIM 0y U
0z JICKBToukax iuj (Kyi, Kz, Ky, Kz).

3. CnocoObl coeiMHEHUs C APYTMMHU 3JIEMEHTaMH B y3lax i U j ( KEecTKoe WU
HIaPHUPHOE).

4. VYron moBopoTa CeYeHHUs] OTHOCUTEIHLHO BCIOMOIaTeIbHOW CHCTEMBI KOOPJIMHAT
f.

MexaHnyeckue CBOICTBa MaTepuana yKa3blBalOTCS B COOTBETCTBYIOLIEH 3allMCH,
pacrojaraeMoii nepej OMCcaHueM JIEMEHTOB.

Martepuain s1eMeHTa MOKET ObITh U30TPOMHBIM, aHU30TPOIIHBIM HJIM OPTOTPOINHBIM. J1J1s
AHM30TPOIHOTO M OPTOTPOIHOTO MaTepuana HampaBieHus JepopManuil COOTBETCTBYIOT
HaIpaBJIEHUSIM OCEH JOKAJIbHOM CHCTEMBI KOOPJUHAT B PacCCMAaTPUBAEMON TOUKE 3JIEMEHTA.

['eomeTpHuueckre XapaKTepUCTUKU CEUECHUSI YKA3bIBAIOTCS B COOTBETCTBYIOIIUX 3AMHUCSX,
pacrojaraeMbiX Tepej] OMHCaHHEM JJIEMEHTOB. B KauecTBe reoMeTpu4ecKHX XapaKTepHCTUK
CEUEHMsI BHICTYMAIOT €ro IUIONaab F, MOMEHTHI HHEPIIUH OTHOCUTEIBHO Ocei ocelt 0y u oz (Jyy
u  J: COOTBETCTBEHHO) , MOMEHT CONpPOTHBJIEHMSI KpydeHHUio Ji, a Takxke Tabimuna,
cofiepkamiasi x- )-  KOOPAMHATHl OMACHBIX TOYEK M KOX(PPHUIMEHTHl HANpsDKEHWH — Juis
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BBIYHCIICHHUS] TPOEKIUN KacaTeJIbHBIX HAIPSHKEHUW OT MEepPEepe3bIBAIOLIUX CHUJT U KPYTALIEro
MOMEHTA Ha OCH JIOKAJIbHON CUCTEMBI KOOPANHAT 3JIEMEHTA.

Kpome Ttoro, eciu XapakTepUCTUKU CEUEHHUs CTEP>KHS IPHU OMNpPEIEICHUU MacC WU
B3aUMOJICUCTBUSL C JKUJAKOCTBIO OTJIMYAIOTCS OT XapaKTEPUCTHK, HCIOIb3YEMBIX IpHU
ONpEeNIeTICHUN KECTKOCTU (HAIMYME TOKPBITHS, TOJIOCTEH B CEUEHHH), a TaKXKe IMpHu
HEOOXOMMOCTH OIMCAHMS BETPOBOM HArpy3KH, ACHCTBYIOIICH Ha CTEpKEHb, B HAOOP JaHHBIX
nepea  ONHMCAHMEM JJIEMEHTOB HEOOXOJMMO IMOMECTUTh 3aluCh C JOMOJHHUTEIbHBIMU
XapaKTEPUCTUKAMH CEUEHHUSI CTEPHKHSI.

[Tpn HEOOXOAMMOCTH Y4ETa B3aUMOJICHCTBUS CTEPXKHS C JKUIKOCTHIO B HAOOPE JaHHBIX
JIOJIKHA HaXOJIUThCS 3aIIUCh C OMMCAaHUEM MapaMeTPOB MOBEPXHOCTU KUIAKOCTH.

s ydéra BETPOBBIX HArpy3ok B Ha0ope NaHHBIX JOJKHA HAaXOJIUTHCS 3alHCh C
OMMCAHUEM MPOEKLUN CKOPOCTH BETpa Ha OCH I100AIbHOIN CUCTEMbI KOOPIMHAT.

B

Puc. 3.3.11. lNpsimon pblyar.
a cTepXXeHb NOCTOAHHOrO ceyeHusi, 6 — CTepXxeHb NePEMEHHOro CeYeHus
(pbiyar).

Buvixoonwvie oannvie:

Jlns seMeHTa MOTYT OBITh OIpeNiesieHbl U BBIBEJCHBI T€ )K€ KOMIIOHEHTHI Y3JIOBBIX
YCUJIMH W HaNpsDKEHWH, YTO M NI YHHUBEpcalbHOro crepkHsa (cM.n. 3.3.1). Jlns snemeHTOB
TpyO4YaToro ce4yeHuss MOTYT OBbITb BBIBEJCHHl KOMIIOHEHTHl HANpPSHKEHWUH, BbHI3bIBAEMbBIC
BHYTPCHHUMH M Hapy>KHBIMU JIaBJICHUSMHU.
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3.3.6.2 KpuBonuHenHbIN pbivar

OO0muit B 2JIeMeHTa npecTanieH Ha puc.3.3.11.

6) ===

Puc. 3.3.11. KpuBonmnHenHbIn pblyar.
a — oowun Bna, 6 — ceyeHue.

Bxoouvie oannvie:
[Ipy HENnocpenCTBEHHOM ONMCAHMM JJIs KaKJOrO JJIEMEHTa 3aJaloTcs CIEAYOLUe
JaHHbIE:

1. Howmepa y3moB i, j , k , . Eciu opuentupyrommii ysen ! .He 3azmaH, TO
nonaraercs, yto I =k . Eciu B nocnenHem ciydae y3isl i, j , k 1exar Ha oqHOU
OpsSMOM, TO OpHEHTalMs BBINOJHAETCS Mo ABYM y3naM. Ilpu sTom monaraercs,
YTO OCh 0’y’ BCIIOMOTAaTENIbHON CHCTEMbl KOOPJIMHAT MapajielbHa MJIOCKOCTU
XOY rnobanbHOM cucteMsl koopauHatr. I[lpu k = i  wumu k = j cTepxkeHb
paccMaTpuBaeTcs Kak OOBIYHBIN MPSIMOJTUHEHHBIN.

2. KoadounueHnts! n3MeHeHs: TabapuTOB CEYEHUS B Y3JIOBBIX TOUKAX 10 OCAM Oy U
0z JICK B Toukax i, ju k ( Kyi, Kzi, Ky, Kzj, Kyr, Kzx).

3. CrnocoObl coeMHEHUs C APYTHMMU DJIEMEHTaMH B y3lax i U j ( KECTKOe WIH
HIApHUPHOE).

4. VYrom noBopoTa cE€Y4EHHUs] OTHOCUTEIBHO BCIIOMOTaTEIbHOM CUCTEMBI KOOPAUHAT f

MexaHuueckue CBOWCTBAa MaTepHaja YKas3bIBAalOTCS B COOTBETCTBYIONIEH 3amucH,
pacrojaraeMoii nepeja onMcaHueM 3JIEMEHTOB.

Marepuan 37eMeHTa MOXKET ObITh U30TPOIHBIM, aHU30TPOIHBIM WJIM OPTOTPONHBIM. J1Jist
aHU30TPOIMHOTO U OPTOTPOMHOrO0 MaTepHualia HampaBiieHus JedopMaluii COOTBETCTBYIOT
HaIpaBJIEHUSIM OCEH JIOKAJIbHOM CHCTEMBI KOOPJUHAT B pacCMAaTPUBAEMON TOUKE 3JIEMEHTA.

I'eomeTprueckue XxapakTepUCTUKH CEYCHHS YKa3bIBAIOTCS B COOTBETCTBYIOLIMX 3aIMUCHX,
pacrojaraeMbiX Tepej] OMHCaHHEM JJIEMEHTOB. B KauecTBe reoMeTpHYecKHX XapaKTepUCTUK
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CEYEHMS BBICTYMAIOT €ro Iiomaias F, MOMEHThI HHEPLIMA OTHOCUTENIBHO Oceil ocel oy u 0z (Jyy
u  J; COOTBETCTBEHHO) , MOMEHT COINPOTUBIEHUS KpydeHUIO Ji, a Takxke TabiuIa,
coiepxkamasi x- y-  KOOPAMHATHI OMACHBIX TOYEK M KOXPQPHUIMEHTHl HANPHKECHWA IS
BBIYMCIICHHUS] NPOCKUUN KacaTeJIbHBIX HAIPSHKEHUN OT IMEpPEPe3bIBAIOLIUX CHUJl U KPYTALIErO
MOMEHTA Ha OCH JIOKaJIbHOM CUCTEMBI KOOPAMHAT 3JIEMEHTA.

Kpome Ttoro, ecim XapakTepUCTUKU CEUEHHUs CTEPKHS IPU OMNPENEICHUU MacC WU
B3aMMOJECHCTBUSL C JKUAKOCTBIO OTJIMYAIOTCA OT XApaKTEPUCTHK, HCHOJIb3YEMbBIX IIpU
onpeeNieHuu KECTKOCTH (HaJWM4Me MOKPBITHS, TMOJOCTeH B CEUEHUH), a TaKkKe IpU
HEOOXO/IMMOCTH OIMCAHUS BETPOBOM HArpy3KH, JEHCTBYIOIICH HA CTEp)KEHb, B HAOOp JaHHBIX
nepes ONHMCAaHHWEM DJJIEMEHTOB HEOOXOAMMO TIOMECTUTh 3allUCh C JIONOJHUTEIbHBIMU
XapaKTEPUCTUKAMU CEUEHUS CTEPHKHSL.

[Ipu HEOOX0AUMOCTH Y4ETa B3aUMOJEHCTBUS CTEPXKHS C JKUJIKOCTHIO B HAOOpe JTaHHBIX
JIOJKHA HaXOJIUThCS 3aIIUCh C OIIMCAHUEM IapaMeTPOB MOBEPXHOCTH KHUJIKOCTH.

Jlns ydéra BETPOBBIX HArpy30k B Habope MaHHBIX JOJDKHA HAXOJUTHCS 3aMUCh C
ONKCAaHHEM TPOEKIMK CKOPOCTH BETPa Ha OCH III00ATHHON CHCTEMBI KOOPIMHAT.

Buvixoonwvie oannvie:

Jlia snemMeHTa MOryT OBbIThb ONpPENENIEHbl M BBIBEJEHBI T€ € KOMIIOHEHTHI Y3JIOBBIX
YCUJIMH U HAaNpsHDKEHWH, YTO U N7 YHUBEpPCAIbHOTO cTepikHA (cM.m. 3.3.3). Jlns sneMeHTOB
TpyO4YaToro Cce4eHuss MOTYT OBbITh BBIBEJCHBI KOMIIOHEHTHl HANpPSHKCHWU, BBI3bIBAEMBIC
BHYTPEHHUMU U HAPYKHBIMU JABICHUSIMHU.
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3.3.7. BupTyajnbHble CBOCTBA CTEPKHEBBIX 3JI€MEHTOB.

Bce crepkHeBbIe 371eMEHThI 001a1a10T CISAYIOIUMHU BUPTYalbHBIMU CBOMCTBAMH.

1. Bce CBO6OI[HLIC TOYKH, COGIII/IHéHHBIC TOJIBKO C OJHUM CTCPKHCBBIM 3JICMCHTOM, IIO
YMOJYAHUIO CYMTAIOTCS BHUPTYaIbHbIMU. Takue TOYKM 3aXBaThIBAIOTCS T'PaHAMHU
00BEMHBIX OJICMCHTOB, IINIACTUHAMU M CTCPKHAMHU, CCJIIM OKA3BIBAIOTCA B HX obmactu
KOHTPOJISl, U MEXAY 3THMHU 3JIEMEHTaMHU yCTaHaBIUBaeTcs *kEcTkas cBs3b. O0JacTbiO
KOHTpPOJII B OSTOM CIy4ae sSBISCTCS OO0JIACTh KOHTPOJS IOBEPXHOCTH — TOYKA
3axXBaThIBACTCA B Cllyyae, €CJIM HaXOIUTCS B KOHTPOJUPYEMOH 00JacTH HMOBEPXHOCTH,
KOTOpOH 3axBaTbIBaeTcsi (M0 YMOJYaHHUIO 3TO OT NoBepxHocTH He Oomee 0.02 eé
MaKcuUMaIbHOTO pa3zmepa). [Ipumep npencrasien Ha puc.3.3.12.

Puc. 3.3.12. CoegmHeHne CTEPXXHEBbIX 3IEMEHTOB C OObLEMHbLIMU B
BUPTYyanbHbIX TOYKax. 1 — o06bEMHbIe anemeHTbl 3D20, 2 — npyxuHa
pacTsXeHusa-cxatus, 3 — ctepxeHb 1D2.

B sTtoM cnyuwae myis coeMHEHHUS CTEPKHEBOTO JJIEMEHTAa C TpaHblo OOBEMHOTO WIIU
IJIACTUHOM JOCTATOYHO PACIMONIOKUTh COSAMHSEMBIH y3el B 00JacTd KOHTPOJS
MTOBEPXHOCTH.

2. BuptyanbHble (CBOOOJHBIE) y3ibl CTEP)KHS YCTAHABIIMBAIOT JKECTKYIO CBA3b CO BCEMHU
Y3JI0BBIMU TOYKAaMH, HAXOSIIUMUCS B UX OOJIACTH KOHTPOJIA. DTO MO3BOJISIET COEAUHATh
aeMeHThl pa3HbiX TunoB. Ha pu.3.3.13. mpencraBieH mpumep COeIMHEHUs ABYTaBpa,
YacTh KOTOPOTO MOJEITUPYETCS CTEPKHEBBIM 3JEMEHTOM, a Jpyras —O0OBEMHBIMU
3JIEMEHTaMH,

0) 3 2

e ———
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Puc. 3.3.13. CoeanHeHne CTepXXHEBbLIX 3NIEMEHTOB C y3ramMu, HaXOASLWMMUCS B

06nacTn KOHTPONs MX B BUPTyaribHbIX TOYKeK. 71— cTepxeHb 1D2, 2 06bEMHbIE

anemeHTbl 3D20, 3 —06nacTb KOHTPONS.
OO6sacTe KOHTPOJI BUPTYaJIbHOW TOUKH CTEP)KHS OTPAHMYMBAETCS KOHTYPOM CEUEHUs
crepxkus u amuHou 1=0.02L, rne L — anunHa crepkns. Ha Bce TOUkM pacmosoXeHHBIE B
00JacTl KOHTPOJIS HAKJIAJbIBaeTCsA KECTKAs CBSI3b, COOTBETCTBYIOIIAS THIIOTE3€ IMJIOCKUX
cequHﬁ, YTO IIO3BOJISIET CTBIKOBATh 3JJIEMCEHTHI pr6an0ro ceyeHHs1 0e3 CTEeCHEHUS
nedopManuii 00bEMHBIX U TJIOCKUX 3JIEMEHTOB OT BHYTPEHHETO U HAPY>KHOT'O JAaBJICHUS.
3. BupryanpHbIMU y371aMH MOKHO CYHMTATh BCE Y3JIbI CTEPXKHS HE3aBUCHUMO OT TOTO,
CTBIKYIOTCA OHH C JAPYTMMHU 3JIEMEHTAaMHU WM HET. DTO YKa3bIBa€TCS B UCXOJHBIX JAHHBIX.
[Ipumep wuCHONB30BaHUS ASTOW BO3MOXHOCTU IpeiactaBieH Ha puc.3.3.14. 3xech
COCJIMHSIOTCS CTEPHU pa3HbIX ceyeHU [ W 2, y KOTOpBhIX HEWTpajibHas JMHUS HE
coBmagaer. B 3TOM mnpumepe s 3JIEMEHTOB OOJBIIETO CEYeHUs 3a7aéTcsi CBOMCTBO
BUPTYalIbHOCTU. B pe3ynapTare y3ibl CTEp)KHEH MEHBIIEro [0 pa3MepaM CeueHUus
OKAa3bIBAIOTCS B OOJIACTH KOHTPOJIS Y3JIOB OOJIBIIETO CEUCHUS H MEXIYy HUMHU
YCTaHaBIIMBAETCS JKECTKAs KWHEMAaTUYeCKasi CBSI3b, COOTBETCTBYIOIIASA UX OTHOCUTEIBHOMY
MOJIOXKEHHUIO.

Puc. 3.3.14. 3agaHne cBOMCTBA BUPTYanbHOCTU ANSA CTEPXKHEN.. T — CTepXeHb
1D2 aByTaBsp., 2 — cTepxeHb 1D2 kopobyaToro ceyeHus.

4.  Bce BHpTyalbHbIE TOYKH 3aXBaTBIBAIOTCS CTEPIKHEM, T.€. MEXIY BUPTYaIbHBIMH
TOYKAMH ¥ Y3JIaMH CTE€P’KHEH yCTaHABIMBAETCS CBS3b BUA
(g7} =INO1 g},
rie
{g)} — BexTOp mepeMeleHuii § — IO KOHTPOIUPYEMOTO y3I1a,
IN®)| - maTpuna QyHKIHMI GOPMBI SIEMEHTA B TOUKE, COOTBETCTBYIOMIEH
3axBaue€HHOMY Y311y,
{q"®} — BeKTOp Y3JI0BBIX HepeMEICHH dIeMEHTA.
[Tpu 5TOM 001aCTh KOHTPOJISI CTEPIKHS OTPAHUYMBACTCS €T0 JTMHON W KOHTYPOM CEUYEeHHS. DTO
CBOMCTBa TO3BOJISICT IPHKIAIBIBATh HArPy3KH W 33aBaTh 3aKpPEIUICHHS B MPOHM3BOJIBHBIX
TOYKaX, HAXOJAIUXCA B OOJACTH KOHTPOJS CTEPKHS M COOTBETCTBYIOIIUX HX PEaTbHOMY
noJj0keHn0. KOHTaKTHBIE MOBEPXHOCTH TAKXKE MOTYT 3aXBaThIBATHCS CTEPKHEM.

5. Jns crepxkHE MOXHO 3aqaTh CBOMCTBO 3axBaTa y3JoB. B asrom ciydae Oyayr
3aXBaThIBaThCS BCE Y3JIbl (HE TOJIIBKO BUPTYaJbHBIE).
6. Jl1s cTep KHEBBIX JIEMEHTOB MOKHO 33J]aTh KOHTaKTHOCTh. B 3TOM ciyuae Ha Bce y3ibl,

HaXoasaIuxXcsa B obnactu KOHTPOJIA CTECpPKHA, HAKIAAbIBACTCA CBA3b, COOTBETCTBYOIIAA
JIOKAJIbHOMY KOHTAKTY —T.C. HCYACPKUBAIOIIAA CBA3b [0 HOPMAJIX K MOBCPXHOCTU CTCPIKHA, U
OMMUCBIBAKOIIAas TPEHUE HA IOBEPXHOCTU CTCPIKHA.
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Hcnonb3oBaHne KOMOWHAIMK CBOMCTB TIO3BOJIIET OIMKCHIBATH OCOOCHHOCTH COCAMHEHUMN
371€MEeHTOB KOHCTpyKUMil. [Ipumep npeacrasien Ha puc.3.3.15. Moaeinb nepekpbITUs COCTOAIIAs
U3 CTEP’KHEBOTO KapKaca W IUIACTUH MOKPBITHUSA. [l cTepKHEW OONBIIOro CeueHus 3agaHo
CBOMCTBO BUPTYaJIbHOCTH, MIO3BOJISIONIEE COSAUHUTD UX CO CTEPKHSIMH MEHbIIEro ceueHnus. s
BCEX CTEPXKHEH 3aJaHO CBOWCTBO HOPMAJIbHOI'O KOHTAKTa, IO3BOJISIOIIEE ONEPETh IIACTHHBI
MOKPBITUSL HA cTepkKHU. JlJid mpeAoTBpallleHuss CMEUIeHHs] TOKPBITHSI OTHOCUTENFHO KapKaca B
IIJIOCKOCTH HOKPBITHUA B MOJCIN IMPUCYTCTBYIOT erHé)KHBIe 3JIECMCHTHI I'OJIOBKa M HIIIHWJIbKA.
l'onoBka coeauHsieTcs ¢ MIACTUHON B COOTBETCTBHM CO CBOMCTBAMU KPEMEKHBIX DJIEMEHTOB, a
CB060,ILHBII71 KOHCI HIWJIBKU II0 YMOJYAaHUIO CUHUTACTCA BHUPTYAJIbHBIM MW 3aXBaTbIBACTCA
CTepXHEM, B 00JIaCTH KOHTPOJISL KOTOPOT'O OH HAXOUTCSI.

Puc. 3.3.15. MNocTpoeHne mogenu ¢ NCnonb3oBaHMEM BUPTYaribHbIX CBONCTB
ctepxHen. 1,2 — ctepxHn 1D2, 3 — nokpbITne n3 nnactnH 2D4, 4 — ronoBka
KpenéxHoro anemeHTa, 5 — wnuneka.
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3.3.8. ®daannesoe coequHeHMe.

OO6mmit BUI 3JeMeHTa npeacTaBieH Ha puc.3.3.16.1 DieMeHT CBA3bIBacT JBa y3Jia H
UMeeT JBEHAALATh cTerneHed cBoOOabl. McmbIThiBaeT nedopManuy pacTsHKCHUS-CKATHS U
u3ruba B IBYX IUIOCKOCTSIX, a TAKXKE KPyUEHUSI.

OpueHTanus pacCMaTpuBaeMoOro 3JI€MEHTa B IMIPOCTPAHCTBE OCYILECTBISECTCS TAKXKe, KaK
U JUISL CTEPXKHS - TI0 IBYM WK TpEM y3iam (cMm. 1. 3.3.1).

DJNeMEeHT COCTOMT U3 JBYX CTHIKyomuxcs (ianueB oanHakoBod (opmbl. TommuHa
¢dnanieB, BXOAAIMINX B COCAMHEHHUE, CYUTACTCA OJMHAKOBOW U OMpEesaeTcsl JIMHON dJIeMEeHTa.
T.e. II0CKOCTh pa3bEMa MEPECEKAET CEPENHY FIEMEHTA.

[TonaTauBOCTh AJIeMEHTA MOJIaraeTcsi COCPeI0TOUYECHHON B MIIOCKOCTH pazbEMa.

Puc. 3.3.16.1 . dnaHueBoe coeanHEHME.
a — reomeTpusi anemeHTa, 6 — nokanbHas cucTema KoopauMHaT U CUIOBbIE
dakTopbl, onpedensieMble B afieMeHTe, B — obnactu 3axsaTa y3fnoB, B U T —
npumMepbl MOAENEn C WUCMNOMNb30BaHMEM JfEMEHTa [ONA COMPSKEHUs C
OOBbEMHBLIMM 3NEMEHTaMN, BblBEAEHHbIE MNMPU CXEMaTU4YHOM N OOBLEMHOM
OTOOpPaXEHMN CTEPXKHEN.

®dopma (raHLEeB MOXKET OBITh IUIOCKOM UM MPSIMOYTOJIbHOW (YaCTHBIN ciydail KBajapar).
Jns ¢pnanues kpyriioit GopMbl MOBEPXHOCTh KOHTAKTa MOKET OTJIMYATHCS OT  (OpMBI (uiaHIa:
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Uis He€ MOTYT OBITh yKa3aHbl HApyXHBI W BHYTPEHHHH JMaMETphl, YCIOBHO Ha3bIBacMble
COOTBETCTBYIOIIMMU AUAMETPAMH MPOKIAIKH.

TonmuHa ¢annes, BXOASAIUX B COSTUHEHUE, CUUTACTCS OJMHAKOBOW U ONpeAeseTcs
JUIMHOM dJI€MEHTA.

DneMeHT 00JIaJaeT BUPTYAIbHBIMH CBOWCTBAMU: BBITIONHSCT KECTKUI 3aXBaT Y3JIOB,
HaXOJSIIMXCS MEXAY BHYTPEHHUM M HApPYKHBIM DaguycaMUd U HApPY>KHBIMH MOBEPXHOCTIMHU
¢mannes. Ilpm >TOM NPUHAAIEKHOCTh 3aXBAUEHHBIX Y3JIOB K COIPITaeMbIM YacTsAM
KOHCTPYKLMHU OMNpEIENAeTCs [0 HUX PpACHOJOKEHUI0O Ha OCH DJJIEMEHTa Y3JIbl CUHUTAIOTCS
MPUHAIIISKAIIMMHI K OMpKaiiiemMy (riaHiy.

CBoOoaHble TOYKHM (HE CBSI3aHHBIC C JPYTMMH DJIEMEHTAMH) JJIEMEHTa TakKe 00J1aaroT
BUPTYaJIbHBIMU CBOMCTBAMH - 3aXBATHIBAIOTCS MOBEPXHOCTAMHU OOBEMHBIX 3JIEMEHTOB, TUIACTHH
U JIMHUSIMU CTEPKHEH.

Paguyc 3axBara mnpuHHMaeTcss paBHbIM 1/4 TONIMIMHBI 3JEMEHTa. JTO MO3BOJSET
HCIIOJIb30BaTh AJIEMEHT JJISl CBSI3H JJIEMEHTOB C IIOBEPXHOCTSIMH B TOYKaX, PACIOJIOKEHHBIX Ha
MIOBEPXHOCTAX 3JIEMEHTOB.

DJNeMEHT MOXKET HCIOJIb30BAThCS AJIS COEAMHEHHS] Y4acTKOB TpyOONpPOBOAOB, COCTOSIIMX M3
cTepxHel TpyO U (1) 0OBbEMHBIX AJIEMEHTOB, a TAKXKe JIJIsl IPOCTOIO COEUHEHHSI 3JIEMEHTOB.

Puc. 3.3.16.2 . lNpumMepbl NCNOMb30BaHUSA aNieMeHTa 45151 CBA3W OPYrUX SNIEMEHTOB.

a — KPOHLUTEWHbI Ha pe3epByape, 6 — onopa noAawunHuka. 1-anemeHT dnaHuesoe
coevHeHue; 2-anemeHT YeTbip€xyronbHas nractuHa; 3-anemeHT KOHTaKTHbIN ponuk
(BMpTyanbHbI WapHup); 4-anemeHT Tpyba, mogenupyowmnn sarn.

Bxoouvie dannvie:
-u1st (praHna Kpyraon GopMbl 3a1at0TCS:
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Howmepa y3noB i, j ( a mpu opueHTalMu 1o TpeM y3aaMm u k );
Hapyxwusbiii tuamerp D

BuyTpeHHuii quamMeTp KOHTAaKTHOM MMOBEPXHOCTH d ;
HapyxHb1ii tuamMeTp KOHTaKTHOW OBEPXHOCTH Diy

Yuciao 00aT0B Np;

Jlnamerp, Ha KOTOPOM PACHOJIOKEHbI 00NThl Dp

Ycunue npenBapuTeabHOTO HATsATa 601TOB  F.

Jis ¢pnanna npssMoyroiasHOU GOpMBI 31at0TCS:

Nk v

Howmepa y310B 1, j ( a Ipu OpUEHTALIUH 110 TPEM y3JIaM 1 K )

[[Iuprna nosepxHoctu B;

Bricora noBepxHoctu H;

PaccrositHue oT Kpasi MOBEPXHOCTH, HA KOTOPOM PACIIOI0KEHBI OOJITHI;
yCHUIIUE TIPEIBAPUTEIHLHOTO HATATa OOJITOB.

MexaHndeckre CBOMCTBA MaTcpHalia YKa3bIBAOTCA MIPECABAPUTCIIBHO B COOTBCTCTBYIOH_[eﬁ
3aIrcCH.

Buixoouvie oannwie:

B snemenTte OIPECACIIAOTCA CICAYIOIIUC ITapaMETPhI:

l.
2.

6.

P, - pactarusaroliee ycuine 1o oCH 0Xx ;
P, u P: - nepepe3pIBaOIIKE CUIIBI I10 OCSIM 0y U 0Z COOTBETCTBEHHO ;
M, - KpyTAIIUA MOMEHT OTHOCUTEIIBHO OCH 0X;;

M, n M. - n3zrubarone MOMEHTBI OTHOCUTEIBHO OCEH 0y U 0Z; COOTBETCTBEHHO

P; = W - CyMMapHas nepepe3biBarolas cuia,

M = (M>+M? . .
: ¥ z - cCyMMapHbIil U3ru0arouii MOMEHT.

Bce cuoBblie GpakTopbl OnpenenstoTces B INIOCKOCTH pa3zbEéMa - T.€. B CPEITHEM CEUEHUU
AIIEMEHTa.
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3.3.9. Tpoiinuk.

[IpennasHaueH it MOJICIMPOBAHUS COSTMHEHUN TPYyOOIIPOBOIOB B CTEP>KHEBBIX
MOJEIISX.

Cxema 3neMeHTa IIpeICTaBIeHa Ha PUCYHKE. DJIEMEHT CBA3BIBAET TPU y3J1a U UMEET
BOCEMHA/ILIATh CTeNeHel cBo0oAbl. McnbIThiBaeT AeopMaliy pacTsHKEHUS-CKATHSI U U3rubda B
JBYX IJIOCKOCTSX, KPYYCHHsI, a TAKXKe J1e(OopMalnu, BHI3bIBAEMBIE JaBICHHEM B TIOJIOCTH U
CHapYXH HJIEMEHTAa.

OpueHTanus paccMaTpUBa€MOI0 JIEMEHTA B IPOCTPAHCTBE OCYILECTBIISAETCS MO TPEM y3J1aM.

HcxonHble naHHbIE:

® THUII MOJEIMPYEMOTIO JIEMEHTA - Pa3INyaloTCs LITAMIIOCBAPHbBIE, CBAPHBIE U CBApHbBIE
TPOMHUKHU C YCUIMBAIOLIMMHU 3JI€MEHTaMU
HOMeEpa y3JIoB i, j, k
auaMmeTp KaHaia Tpyost D
TOJILIIMHA CTEHKH TPYOBI §
JMaMeTp KaHaia OTBETBICHUS d
TOJIIIIMHA CTEHKH OTBETBJICHUS S
paccTosiHue OT CepeuHbl TPOMHUKA 10 cpe3a TpyOs! L
BbICOTA TpotHUKa H
TOJILMHA CTEHKH YCWJIMBAIOIUX JleTael (11 CBApHOIO TPOMHUKA).

8) d g1

Puc. 3.3.17. TponHuk.
a — cxema anemeHTa, 6 — reomeTpusa anemeHTa

MexaHn4eckre CBOMCTBA MaTeprala YKa3bIBAKOTCS MPEABAPUTEIBHO B COOTBETCTBYIOIIEH
3aIUCH.
Pesynpratel pacuéra:
Ha kaxxiom cpese aiieMeHTa BO3MOXKHO OIIPEEIICHUE CIEAYIOINX IapaMEeTPOB:
e PacTaruBaromye yCuwins o OCH o0x;
e [epepe3bIBAOIINE CHIIBI IO OCSM O U 0Z;
® KpYTAILUUA MOMEHT OTHOCUTEIIBHO OCH 0X;
e u3rubaroIe MOMEHTHI OTHOCUTENBHO OCell oy U 0Z;
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CyMMAapHas iepepe3bIBarolas CUia;
CYMMAapHBIN U3THOAIOIINI MOMECHT;
PaCTATUBAIOIINE HAIIPSYKEHUS BJIOJb OCH OX;
HOpMAaJIbHbIE HAMPSKEHUS OT U3r1ba B IIIOCKOCTH X0y U X0Z

e KacaTeJbHbIC HANIPSKEHUS OT U3ruda B IJIOCKOCTU X0y U X0%

® KacareJbHbIE HANPSHKEHUS OT KPYUYECHUS

® VHTEHCUBHOCTb HaIPSKEHUMH.

Jnst ceyenuii TpyObl CUIIOBBIE (PAKTOPHI OMPEEIIAIOTCS B JIOKATHHON CUCTEME KOOPIUHAT
JJIEMEHTA XOYZ.

JIns1 cedeHust OTBETBIICHHUS - B CUCTEME KOOPAUHAT XkOY)j ;.

1o pe3ynbraTraM pacd4€ra BO3MOKHO OIIPEIEICHUE TOJIIIUH CTEHOK JJIEMEHTOB B
COOTBETCTBUU C METOJIUKAMU, IPUBEACHHBIMU B IPHIIOKEHUU 1.
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3.3.10. Kpenékublii 371eMeHT.

OneMeHT SBIAIOTCS YAaCTHBIM CJIy4aeM YHHUBEPCAJIbHOTO CTEP)KHEBOIO 3JIEMEHTA
(cTep>keHb MPSIMOIA) U UMEET T€ K€ CBOMCTBA, YTO U YKa3aHHBIN HJIEMEHT.

CeueHne »dleMEHTa CUMTAETCS IIOCTOSSHHBIM M OJWHAKOBBIM JUISI BCEX OJJEMEHTOB,
OOBETMHEHHBIX B 3alMCh. DJIIEMEHT HE MMEET JKCIICHTPUCHUTETOB, OPUEHTUPYETCS TOJBKO IO
JBYM Y3JIaM.

Jlnst sneMeHTa HET HEOOXOAWMOCTH B 3a/laHMM CEYEHHUs, MPHU BBOJE YKa3bIBAIOTCS TOJIBKO
Hapy)XHBIA M BHYTPEHHHH JAMaMETphl CEYEHHUs, a Takxke aedopManusi mpeaBapuTebHOTO
pacTsKEHUs.

Hedopmarus mpeaBapuTEILHOTO PACTSHKEHUS BIIOCICACTBHH MOXET OBITh OTKOPPEKTHPOBaHA
komanoi (KoppektupoBaTh JedopManuu MpeiBApUTEIbHOIO PACTKEHHUS KPEMEXKHBIX
JJIEMEHTOB).


../../../Zenit_NEW/Zenit_wn/hlp/biblke_st_2.htm
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3.4. NoBepXHOCTHLIE MacChbl
3.4.1. Macca pacnpegenéHHasi o NOBEPXHOCTU

DOneMeHT IpelHa3HaueH Uil ONMCAaHUS YacTel MOAENUpPYeMOM KOHCTPYKIIHH,
NPEICTaBIAIOIINX COOOH Maccy, paclpe/elIeHHYIO0 0 MOBEPXHOCTH. ITO MOXET OBbITh Kakoe
1100 TOKPBITHE, KECTKOCTh KOTOPOTO MPEHEOPEKUMO Majla, a MacCy HEOOXOIMMO yYUTHIBAThH
(Teruo- wiIM TUAPOU3OJISILKA, CHET U T.1.). DIEMEHT, M0J00HO IJIACTUHE CBSI3aH C YEThIPbMs
y3IaMH ¥ ONMCHIBAETCSA MACCOM, IPUXOIAIIEHca Ha eIUHHUILY TTOBEPXHOCTH (KI/M%), 1 HOMepamu
y3JI0B, C KOTOPbIMHU OH CBS3aH, 33aJaBaeMbIMM I10 4acoBOH cTpesike. I'paduuecku sneMeHT
0TOOpaXkaeTcs YeTHIPEXYTOJIbHUKOM (TPEYrOJIbHUKOM), TMHUH KOTOPOTO MMEIOT (hHOJIETOBBIN
IBET.

3.4.2. NpucoegnHEHHAA Macca XUAKOCTH

DneMeHT mnpeJHa3HauYeH MJid ONMCAaHUs B3aMMOJCHCTBUSA Yy4yacTKa IOBEPXHOCTH C
KHUJIKOCTBIO U 00ECTICYMBACT BBIITOJIIHEHHUE CIEAYIONINX (PYHKIIUH.

l. Onucanve HHEPLUUOHHBIX CBOMCTB JKHMJIKOCTH, CONPHUKACAIOLIECHCS C IOBEPXHOCTHIO
MOJIEIIUPYEMOT0 OOBEKTA.

2. OnwucaHue rupoCTaTUYECKOro JaBJICHUS HA IOBEPXHOCTb.

3. Onwucanue ruAPOAUHAMUYECKONW CUIIbI CONTPOTUBIICHUS JBUKEHHUIO 3JIEMEHTA OTHOCUTEIBHO
JKUJKOCTH B 33/1a4axX TUHAMUKHU.

JlJis ipaBUIIBLHOM pabOTHI dJIEMEHTa HE0OX0IMMO, YTOOBI B KAYeCTBE BEPTUKAILHON OCH,
Oblta BeIOpaHa ock (OZ, a cuila TSDKECTH, 3aJaHHAs KakK pacrpeaenéHHas MO Macce CHIa,
JieificTBOBajla B HAINPaBJIEHUU [IPOTHUBOIOJIOKHOM YKa3aHHOM OCH.

DneMeHT, MOAOOHO TIJIACTHMHE CBSI3aH C YETHIPbMS y3JaMH M ONHCHIBaeTcs Z —
KOOPJIMHATOW TIOBEPXHOCTH IKHUJAKOCTH ¥ HOMEpaMH VY3J0B, C KOTOPHIMH OH CBsI3aH,
3a/laBaeMbIMH TI0 4acOBOU cTpenke. ['paduuecku 3MeMeHT 0TOOpakaeTcsi YeThIPeXyroJbHUKOM
(TpeyroiabHUKOM), TUHUU KOTOPOTO UMEIOT CUHHM 1BeT. [Ipu 0TOOpakeHHH JTOKAIBHBIX CUCTEM
KOOPJIMHAT 3JIEMEHTOB JIOMOJIHUTENIbHO BBIBOJUTCS OTPE30K 3€JIEHOr0 1IBETA MapalIeIbHbIA OCH
OZ, coequHSIONNMA IEHTP THKECTH DJIEMEHTA C MOBEPXHOCTHIO KUAKOCTH, 3aIaHHON /I 3TOTO
AJIEMEHTa.

[lo ymonuaHuio mosaraercsi, YTO >KMJKOCTBIO siBisieTcsa Boja. [Ipum HeoOxonmmoctu
W3MEHEHHUs CBOMCTB JXHJIKOCTH HEOOXOJUMO HX YyKa3aTh CHEIHATbHO Tepel] OMUCAHUEM
AJIEMEHTA B 3aIMCH, ONTMCHIBAIOIIEN CBOMCTBA KUJIKOCTH.

[lonaraercsa, 4YTO KUAKOCTb, CBONCTBA KOTOPOW OINMCHIBAIOTCS 3JIEMEHTOM, HMEET
OTKPBITYIO (CBOOOJIHYIO) IOBEPXHOCTH, Z - KOOpAWHATA KOTOpOil u3BectHa. [lpu sTom Tekymas
Z — KOOpJIWMHATa WEHTpa TSKECTH DIEeMEHTa JOJDKHA OBITh MEHbIIe Z — KOOPAMHATHI
MMOBEPXHOCTHU KHUIKOCTH, T.€. DJIEMEHT JOJIKEH HAXOUTHCS HIKE TTIOBEPXHOCTHU KUIAKOCTH. Ecnn
ATO YCJIOBHE HE BBINIOIHSAETCS, TO JAHHBIN 3JIEMEHT UCKIIIOYAETCs] U3 PACCMOTPEHUS.

[Ipn pemenun 3amgau pacué€ra 4actoT U (OpM COOCTBEHHBIX KOJI€OaHW, NWHAMUKU
COOPYXKEHHH M UX CEUCMOCTOWKOCTH HEOOXOAUM VYUYET TOJIBKO WHEPIMOHHBIX CBOMNCTB
AIIEMEHTA, U B HA0OP aHHBIX JOCTATOYHO MOMECTUTH OMHCAHUE AJIEMEHTA.

Jlns pemieHus 3anad AWHAMHUKE B HaOOpe MaHHBIX OJDKHA HAXOJIUTHCS 3allUCh C
OTIMCAaHUEM CBOMCTB MOBEPXHOCTU JKUJIKOCTH — CKOPOCTU M HAIPaBJICHUS TCUEHHsS, BOJHCHUS.
Ecnu nanHas 3amuch pacroliokeHa Mepell OMMCAaHMeM JJIeMEHTa, B Ha0ope MaHHBIX TO B
KayecTBe Z — KOOPJIMHATHI MOBEPXHOCTH MPUHUMAETCS 3HAYEHHUE, YKa3aHHOE B 3TOW 3alucH, a
HE B ONHCAHWM DJEMEHTa, M DJIEMEHT BEeAET cels TakkKe, Kak M DIEMEHT IOBEPXHOCTHU
BO3JEHCTBUS CPEIBI.
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3.5. Ynpyrue onopbl U OCHOBaHUA

3.5.1. Ynpyroe ocHoBaHue NOBEpPXHOCTH

DneMeHT IpeJHa3Ha4YeH Il MOJCIMPOBAHUS OIOPHBIX ITOBEPXHOCTEH, CBOMCTBa
KOTOPBIX MOTYT OBITb ONUCAHBI >KECTKOCTBIO, MPUXOJAIICHCS Ha €IWHUIY MOBEPXHOCTU U
yIpyrasi peakius KOTOPBIX HaIlpaBjeHa 110 HOPMAaJIHM K MX IJIOCKOCTH. DJIEMEHT UMeeT GpopMy
YETHIPEXYTOJIbHUKA M MOXKET BBIPOXKIATHCS B TPEYroJdbHUK (pHC. 3.5.1a 1 6 COOTBETCTBEHHO).

J y

a)

&)
k=

Puc. 3.5.1. OnemMeHT ynpyroe ocHOBaHue: a - OpyeHTauuns siokaribHOM CUCTEMBI
KoopAauHaT anemMeHTa; 6 - BblPOXAEHHbIN 3IEMEHT.

OU3NYECKH, KECTKOCTh, MPUXOAAIIASACS HA EIMHHIY MOBEPXHOCTH paBHA ABJICHUIO,
KOTOpO€ HEOOXOIMMO NPHJIOKUTH Ul HEepeMEILCHHs y3JI0B 3JeMEHTa Ha 1M B HalpaBiIeHUU
HOpPMaJIM K MOBEPXHOCTH (II0 OCH 0F €ro JIOKAJIbHON CHUCTEMbI KOOPAMHAT). DJIEMEHT, 10A00HO
IUTACTUHE CBSA3aH C YETHIPbMS y3JIaMH M OMUCBIBACTCS KECTKOCTBIO, PUXOAALICHCS HA €AUHUILY
nosepxHocty (H/M?)/M), 1 HOMepaMH y3JI0B, ¢ KOTOPBIMH OH CBSI3aH, 33/1aBAEMbBIMHU T10 YaCOBOi
cTpenike. JlokanpHas cucTeMa KOOpJIMHAT 3JIEMEHTAa OPUEHTHPYETCsl TaKkKe KaK U Yy 3JIeMeHTa
IUTACTUHBI - HA4aj0 PACHOJOKEHO B IIEHTPE IJIEMEHTA, OCh OX IPOXOAUT 4Yepe3 CEepeluHy
CTOPOHBI kIl a MJIOCKOCTh X0y TapajuielbHa MPSIMO, MPOoXosmeil yepe3 cepeluHbl CTOPOH
Jk v li. . DnemeHT MOXeT cThIKOBaThes ¢ M00bIMu KD npyrux tunos. Ha rpaduueckux cxemax
3JIEMEHT U300pakaeTcs JIMHUSAMHU TEMHO-3€JIE€HOr0 I[BETa, COSAUHSIOUIMMHU y3IIbl, CBSI3bIBAEMbIE
JIEMEHTOM.

3.5.2. Ynpyroe ocCHOBaHue CTEepPXHS

DOneMeHT npeJHa3HauYeH JUIsl MOJIEIMPOBAHUS YIIPYroro OCHOBaHUsS OalOK M CTEP)KHEH,
MpensTCTBYyIomero ux aedopmaruu. MOXKET, TakKe, CTBHIKOBAThCS € pEOpamMu OOBEMHBIX
HJIEMEHTOB U IJIACTHUH.

CocrosiHHE 3JIEMEHTA ONpENeNseTCs NEPEMEIICHUSAMHU JBYX Y3JIOBBIX TOYEK [ W j .
Peaknust r, mpuxonfiiascs Ha €AWHUIYY JUIMHBI OCHOBaHUS B JIIOOOH TOYKE »HIIEMEHTa
HampasJieHa 110 HOPMaJH K JIMHUU, COSAMHSIONMIEN y3IIbl i U j, OTIpeAeNseTcs] BhIpaKeHUEM

r=-kw(x), tne

k - ’KecTKOCTb, MPUXOAIIAsICS Ha €AMHUILY IJTUHBI DJIEMEHTA,

w(x) = |N(x)|{q}— nporud B paccMaTpuBaeMoii TOuke,

X — JIOKaJIbHAsl KOOpJIMHATA CTEP)KHS (PAacCTOSIHUE OT y3ia i),

IN(x)| - maTpunia GyHKINN GOPMBI dJIEMEHTa,

{q}— BeKTOp y3JIOBBIX IEPEMELICHH JIE€MEHTA.

CrpykTypa Marpuibl QyHKUUH (HOPMBI ONpPENENIeTCs] pa3MEPHOCTBIO BEKTOPA Y3JIOBBIX
nepeMenieHnii snemeHTa. Tak, eciau B y3/Iax »JJIEMEHTa OIpeAeNieHbl TOJIBKO JIMHEIHbIE
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nepeMenieHust (JIEMEHT CBSI3aH CO CTEPXKHSAMU WM PEOpaMU OOBEMHBIX HIIEMEHTOB), TO
byukun ¢opMbl nuHeWHble. Ecnu asneMeHT cBsi3aH ¢ Oaikod Uiy peOpoM IUIACTHHBI, TO
UCTIOJIB3YIOTCS TAaKKE )K€, KaK U MPH MOJyYCHUH MATPHIL )KECTKOCTH OalIKi, SPMHUTOBBI (PYHKIIUH.

Peanu3zoBanbl cieayoiye 4acTHbIE Cy4yan OPUEHTALUU JIEMEHTA.

1. Peakuus aeicTByeT BO BCEX HAIPABICHUSIX HOPMAJIbHBIX JIMHUM i —j.

2. Peakuus JOeWCTBYET TOJBKO B OJHOM HAIlpaBJIICHWH, HOPMAJIBHOM JIMHUM [ — j U
JeKalIeM B INIOCKOCTH, NIapajlIeIbHONW OIHOM U3 Ocell rI100anbHON CUCTEMbI KOOPIMHAT.

Jliig anemMeHTa 3a4at0Tcsl HoMepa y3JI0B I U j, 3HaUeHUs KECTKOCTH k B yKa3aHHBIX y3JaxX
B (H/M)/M, u HampaBieHue NOeHCTBUS peakuuid (M0 BCEM HANpPaBICHHUSM WIH B IUIOCKOCTH
napauieabHoi ogHoi u3 oceit 'CK). Ilpu 3TOM mosaraeTcs, 4To BeJIMuMHa k BHYTPH JIEMEHTA
W3MEHSIETCS 110 JUHEUHOMY 3aKOHY.

Ha cxemax »snemeHT oToOpa)kaeTcsi OTpe3KaMH MPsIMBIX  3€JEHOTO  IIBETa,
IIEPECEKAIOIIUMU CEPEUHY OTpe3Ka i — j, U NapajuleJIbHBIX YKa3aHHBIM ISl OpUEHTalUU
HAIPAaBIIEHUSI PEaKIUU OCSIM INI00aNBbHOM CUCTEMBbl KOOpAMHAT. B ciyuae neiicTBusl peakuuu mno
BCEM HalpaBJICHUSM BMECTO OTPE3KA BBIBOJUTCS 3HAK +.

3.5.3. Onopbl ¢ TpeHuem

DOJneMeHT NpeiHa3Ha4YeH AJIs MOJENUPOBAHMs Y3JIOBBIX ONOp B CllydyasX, KOrja MUMeeT
MECTO cuja TpEeHus Fup, TpensaTcTByIOlas NEPEMEUICHUIO Yy3Jla B  HalpaBIeHUU
HEepHEHIUKYIIIPHOM peakuuu B onope Ry (puc. 3.5.2a). BenuunHa cuiibl TpeHUs (110 MOAYIIIO)
OIIpEEIIAETCS BRIPAXKEHUEM

Fup = kmpRs ,

rne  kmp - KOOPPHUIMEHT TPEHUSI.

Cuna TpeHus HampaBjeHa B CTOPOHY HPOTHUBONOJOXKHYK Vs -MPOEKIMH CKOPOCTU
NepeMeNIeHHs y3ja Ha IJIOCKOCTh HOPMAJIbHYIO K BEKTOpY peakiuu B y3ne. [lpu pemenun
JUHEMHBIX CTATMYECKHMX 3aJad CHUJIa HAINpPaBI€HA B CTOPOHY IPOTHUBOIOJOKHYK) CMELIEHUIO
y3J1a B YKa3aHHOM ITIJIOCKOCTH.

ITo ynpyroctu pasnuyarorcss aOCONIOTHO-KECTKAss U ympyras onopel. AOCONIIOTHO-
JKECTKAsT OIopa MPEAIoNaraeT pPaBeHCTBO HYNIO IEPEMEIICHWM B HANpPaBICHUHU JEHCTBHS
peakuuu. J{ns ynpyrou cBsi3b MEXAy BEIMUMHON pEaKLUU U NIEPEMELIEHUEM Yy3J1a ONPEAEIIAETCS
BBIpAKECHUEM

Ry = -ku Ry ,

rne  kxe - KO3PQOUIUEHT NPUBEACHHOMN )KECTKOCTH OMOPHI.

Ilo ycnoBuAM KOHTaKkTa pas3IM4YalOTCs JABYCTOPOHHSIS, HEyAEpXKHUBawoUas H
orpaHuuuBaromias omnopsl. JIBycropoHHsiss omopa (puc. 3.5.26) mnpeamnonaraeT HOCTOSHHBIN
KOHTAaKT y37a ¢ onopoil. Heyzaepkupatomias (puc. 3.5.26) npensTCTBYeT NepeMeIeHUI0 y3/1a B
0o0paTHOM HaIpaBJIEHWU K 33JaHHOM OCH KOOPAMHAT U JOIMYCKaeT CBOOOJHOE IMepeMellleHne
y3i1a B e€ HampanieHuu. OrpaHuuuBaromas onopa (puc. 3.5.22) npensTCTByeT MepeMeNeHHIO
y3Jla B HaIPaBJICHUU 33aJaHHON OCH KOOpAMHAT U JONYCKAaeT CBOOOJHOE MEpeMEIleHue y3ia B
00paTHOM HampaBJICHUU.
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Puc. 3.5.2. Onopa ¢ TpeHueMm: a — cxema gencTeusi cus; 6 - ABYCTOPOHHSS
ynpyrasi onopa; e - Heyaepuatowasi ornopa no ocu OX ICK; e - orpaHnumsatowias
onopa no ocn OX CK.

HcxonHpie naHHbIE.

Howmep y3ma, B KOTOpOM 3a7aéTCsl YCIOBUE OTTHMPAHHUSL.

Ocb 11100aTbHOM CUCTEMBI KOOPMHAT, I10 KOTOPOU JCHCTBYET PEaKIis ONOPHI.
Tun onops! - ABYCTOPOHHSIS, HEYISPKUBAFOIIIAST MU OTPaHUIHBAIOIIIAS.
Koadbduuuent tpenuss  kup .

Jliist yripyToit onopskl 3a1a8TCs Kye - KOOPHUITUEHT MPUBEICHHON )KECTKOCTHU OIOPHI.

Nk W=

Touka ayeMeHTa IO YMOJYAaHUIO CUUTAETCS BUPTYaJIbHOM, €CIIM HE CBA3aHA C JIPYTUMH
JJIEMEHTaMHU.

Pe3yﬂbmambl. HpI/I BBITHUCIICHUAX OIIPEACIIAIOTCA PEaKHA OIMMOPbI, KOTOpAad MOXKET BBIBOAUTHCA
HMCIOIUMUCH CPCACTBAMU IPOIrpaMMBbl UJIN YUUTBIBATHCA IMPU BBIYUCIICHUN CYMMApPHBIX peaKum?L
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6. TBepnoe Teno

Hansbiii KO mnpenHasHaueH Juisi ONMCaHUs YacTel MOJENMPYEMOW KOHCTPYKIUH,
JKECTKOCTh KOTOPBIX 3HAYUTENIBHO BBIIIE, YEM Yy CMEXHBIX 3JIEMEHTOB M COCTOSIHUE KOTOPOH HE
UHTEpECYET UCCIIEA0BATEII.

OneMEeHT MMeEeT MacCy W MOMEHTBI HMHEPLMHM OTHOCHTEIBHO OCEH €ro JIOKaJbHON
cuctembl kKoopauHat. Ilonaraercs, uro uneHtp macc gaHHoro KO M Hauyano ero JjokanbHON
CHUCTEMBI KOOPAMHAT PACIIONIOKEHBI B €70 IIEPBOM Y3JI€ - ITOJIFOCE.

Ha cxeme n3o0paxaercsi 3eJICHbIMH JTUHUSIMHU, COSAMHSIONIMMHU TIEPBBIN y3€I JIEMEeHTa C
ocTaJIbHBIMHU (pHC. 3.6.16.).

&)

Puc. 3.6.1. OnemeHT TBepaoe Teno: a - OpueHTaumns nokanbHOM CUCTEMBI
KoopauHaTt anemeHTa; 6 - n3obpaxxeHne afieMeHTa Ha CXeme.

Bo3moxHbl 1Ba croco0a OpHEHTaluu oOceil JoKanbHOM cucrembl koopauHat KO: B
IIEpPBOM HalpaBlIeHUEe OcCel JIOKaJbHOW M TJI00aJbHON CHUCTEM KOOPAMHAT COBHANAeT, a BO
BTOPOM OChb OX IPOXOJUT 4YEpe3 BTOPOM y3€l, a TPETUU Yy3€l JIEKUT B IUIOCKOCTH XOY
(puc.3.6.1a.).

Peanmu3oBaHa BO3MOXXHOCTb OIMCAHUS CIy4aeB YIPYroro COEAUHEHHUs DJJIEMEHTa C
y3namu. IIpuBeneHHas KECTKOCTb IPU 3TOM 3aJa€TCA OJAMHAKOBOM BO BCEX Y3JIaX U IO BCEM
HaIlPaBJICHUSM.

Paznuuarorcs 1Ba BUAa TBEpAOro Tela MpocToe U BUPTyalbHOE. OTIMYAOTCS CIIOCOO0M
ONHUCAHUs TOIOJIOTHH.

Jlyist orircanust ByieMeHTa 000MX BUJIOB HEOOXO0IMMa CIeAyIoIast UH(POpMaIus.

1. Macca m wu rnaBHbIE MOMEHTbl HMHEpPUUM dJeMEHTA Jxy 5 Jum M Jag
OTHOCHTEJILHO OCEil 0X, 0y W 0z JOKATbHOH CHCTEMBI KOOPAMHAT COOTBETCTBEHHO (KT, KI' M2).
B uacTHOM ciydae s1eMEeHT MOXKeT ObITh Oe3maccoBbIM. B aToM ciyyae Bce, WJIM 4acThb
MHEPLHUOHHBIX XapaKTePUCTUK 33Jal0TCSI PABHBIMHU HYIIIO.

2.  IlpuBenenHas x&cTtkocTh B y3nax Knp (H/M). Ilpu 3amanum xECTKOCTH paBHOU
HYJIIO DJIEMEHT CUUTAETCSl aDCOIIOTHO KECTKUM.

s mpocTtoro TBEpPAOIO TeENa, PaCCMOTPEHHOIO B CIEAYIOUIEM IIYHKTE, CBSI3b IIOJIIOCA C
JPYTMMH y3JIaMU ONMCHIBAETCS] HETOCPEJCTBEHHO — TEM WJIM MHBIM CHOCOOOM  YKa3bIBAIOTCS
y31bl. /{7151 BUpTyaabHOrO TBEPAOTO Tela — U3HAYAJIbHO SIBHO YKa3bIBAIOTCS TOJIBKO HOMEp y3ia
nosroca U Homepa y3noB opueHTHpyromux ero JICK. Ecnu aneMeHT CBS3BIBaeTCs € y3JI0M,
UMEIOIIUM IIECTh CTENEeHeH cBOOOABI (JUI Y3JI0B, CBSA3aHHBIX CO CTEPXKHIMHU U IUIACTUHAMHU), TO
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COCIMHEHUE CYHMTACTCS JKECTKUM. [l y370B C Tpemsi CTEMEHsSMU CBOOOIBI COCTUHEHUE
cuMTaeTcs mapHUpHbIM. Ha cxeme mapHupHbIe COeIMHEHHS] OTOOPaKatoTCs CTPEITKAMHU.

Jnst aeMeHTa BO3MOKHO ONPEACIICHUE W BBIBOJ YCWIMH, NEUCTBYIOIIMX HA HErO CO
CTOPOHBI CMEXKHBIX 3JIEMEHTOB. DTO MOTYT ObITh CYMMapHbI€ YCUJIUS, TPOSKIIUH YCHIIUNA Ha OCH
rJI00aTbHOM U JIOKAJILHOM CUCTEM KOOPAMHAT. Y CHIIUS OTOOPaXKAIOTCS BEKTOPAaMHU, IIBET U JUTHHA
KOTOPBIX COOTBETCTBYIOT UX BEJIMUMHE.

3.6.1. TBepnoe Teno

DJIEMEHT JaHHOTO BUJA OTIMYACTCS HEOOXOIUMOCTHIO SIBHOTO 33JlaHUsI HOMEPOB BCEX
y3JI0B, C KOTOPBIMH OH cBsizaH ( I, j, k,...).

DIEMEHTHI 3TOTO THMA ¢ OJMHAKOBBIMHU XapaKTEPUCTUKAMHU MOKHO OOBEIUHUTH B OJIHY
3aIKCh, T.€. B OJIHOM 3aIHCH MOYKHO OINKCHIBATh HECKOJIBKO 3JIEMEHTOB.

DJEeMEHT B3aUMOJICHCTBYET C TpapUUECKUMH DJIEMEHTaMH CIEAYIOUIMM 00pa3oM: BcCe
rpaduyecKkue AJIEMEHTHI (JMHUH, OKPY>KHOCTU SJIE€MEHTApHBIE MOBEPXHOCTH, F€OMETPHUECKUE
(GuUrypsl, BEpIINHBI), OMUCAHHS KOTOPBIX PACIIOJIOKCHBI B HA0OpE NAaHHBIX TOCIEC ONMUCAHUS
JJIeMEHTa ([0 CJENYIOIIero SJeMEeHTa THMa TBEPAOE TENO WM BHPTyalbHOE TBEPAOE TEJO)
MPUBSI3BIBAIOTCS K €T0 JIOKAJIHHOM CHUCTEME KOOPIHMHAT M CIYXaT ero rpadudeckuM oOpazoMm.
[Ipu 5TOM, UX KOTUYECTBO U PACHIOIOKEHUE HE OTPAHUYUBACTCA.

BBoj ameMenTa B rpaiaeckoM peakTope BEITIOIHACTCS HHTEPIpeTauei rpaguaeckux
MPUMHUTHUBOB U HAHECEHHEM Ha paHee BBEJEHHBIE dJIEMEHTHI. B mocneanem ciyyae nepBblii B
JIOKQJIbHOM HyMepaluy y3el 3J€MEHTa BbIIEISETCS KaK HOBBIM U pacioyliaraeTcs Nocepente
BCEX COeAMHsIeMbIX y3J10B. [Ipu pegakTupoBaHuu MapaMeTpoB B TEKCTOBOM PENAKTOPE WIIH 110
KOMaH/I€ 3JIEMEHT MOKET OBITh MpeoOpa3oBaH B BupryanbHoe TBEp0€ TETIO.

Touku 31MeMeHTa 0 YMOTYaHUIO CUUTACTCSI BUPTYaTbHBIMU, €CJIU HE CBSA3AHbI C IPYTUMHU
AJIEMEHTaMHU.


mk:@MSITStore:D:/Sergey/Zenit_NPR/CALC_NEW/Calculations/Zenit_wn.CHM::/biblke_meh_vt.htm
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3.6.2. BuptyanbHoe TBepaoe Teno

OTnu4reM 37eMeHTa 3TOTO BUA SBJISAETCS TO, YTO JJISl HETO SIBHO 33JIal0TCS TOJBKO TPH
y37la -Ha4ajJo JIOKAIBHOW CHCTEMbl KOOPAMHAT M LEHTP TSDKECTH DJIEMEHTAa PACIONIOKEHBI B
MIEPBOM Y3JI€ i, OCh OX MPOXOJUT Yepe3 BTOPOM y3ei j, a TPETHl y3ei Kk JIeKUT B TNIOCKOCTU XOY.
OcranpHble Y37Bl ONpPECISAIOTCS HESIBHO M INPHHAIEKAT KOHTPOJIUPYEMBIM BUPTYaIbHBIM,
KOHTAKTHBIM, U Tpa(UUecKiM 3JIEMEHTaM, ONHUCAHMs KOTOPBIX PAcIIONIOKEHbl B HAbope JTaHHbBIX
HETIOCPECTBEHHO I10CIIe ONMHUCAHUs 31eMeHTa. [Ipyu 3TOM 3aMBIKAOIMMK CYUTAIOTCS ONMCAHUS
rpadM4ecKux 3JIEMEHTOB. 3alMCSIMU JaHHOTO THIA ONMCAHUE BHUPTYAJbHOTO TBEPIOTrO Teja
3aKaHYMBACTCSI.

Tarke Kak M A7 OOBIYHOTO TBEPAOTrO Tesa, ATU TrpaduyecKue 3IIEeMEHTH (JIMHUH,
OKPYXXHOCTH 3JIEMEHTapHBIC MOBEPXHOCTH, T€OMETpHYECKUE (DUTYpBI, BEPIIUHBI) SBISIOTCS €T0
rpadu4ecKuM 00pazoMm.

[lpu ycraHOBIEHHH CBS3€H 3JE€MEHTA BBIICISIOTCS KOHTPOJIHPYEMBIC Y3JIOBBIE TOUKU
(TOYKH KOHTPOJHPYEMBIX TpaUUecKNX, KOHTAKTHBIX W BHUPTYaIbHBIX JJIEMEHTOB) U
3aXBa4YeHHBIC Y3JI0BbIE TOUKH. KOHTpOIMpyeMbIe Y3II0BbIE TOYKH— ATO TOYKH KOHTPOJIUPYEMBIX
DJIEMEHTOB. 3aXBauy€HHbBIC Y3JIOBBIE TOYKH — OTO TOYKH, HAXOISIIMECS B IUIOCKOCTSIX
JJIEMEHTApHBIX MOBEPXHOCTEW, BHYTpU OOBEMOB reoMeTpuuecknx ¢uryp m Ha juHusx. Bcee
KOHTPOJIMPYEMBIE W 3aXBAaYCHHBIC Y3JIOBBIE TOUKH, CBS3aHHBIC C JPYTUMH DJIEMEHTAMHU WA C
KOHTPOJIUPYEMBIMH TOYKaMH TpauYecKuX 3JIEMEHTOB PacCMaTPHBAIOTCS KAaK OOBIYHBIC CBS3H
TBEPAOIO Tea.

3axBa4yeHHBIC Y3JIOBBIE TOYKH CBS3BIBAIOTCS C 3JEMEHTOM TOJBKO B TOM CiIydae, Korja
9TO YKa3aHO KaK CBOMCTBO 3JIEMEHTa (3aXBaT y3JIOB).

[Tpumepom UCTIONB30BaHUS AIIEMEHTA MOKET CIIY’KUTh MOJIENb PEyKTOpa, B KOTOPOW Ha
CTEP)KHEBBIX JJIEMEHTaX pPACHOJOKEHBl BUPTYaJlbHbIE MOAIIMITHUKA WM BUPTYaJIbHbBIC
cepudeckne MIApHHUPHI, Y3JIBI KOTOPHIX CBOOOIHBI, a y3JIbI CTEP)KHEH, MOACIHPYIOUINX Bal,
3aXBayeHbl BUPTYAIbHBIMU MTOIIIUITHUKAMH U IIApHUPAMHU.

3TO 3HAYUTETHHO YIPOIIAET OCTPOCHUE MOJICNH, TaK KaK B 3TOM ciy4ae (hOpMUPYIOTCS
TOJBKO MOJIETM BaJOB U KOJIEC, KOTOpbIe, 3aTeM, IOMEINAIOTCS BHYTPb IMIUHJIpA,
MOJIEIUPYIOMIETO KOPITYC PETYyKTOPA.

Ha cxeme snemeHT u300paxkaeTcsi 3€JIEHbIMU JIMHUSMHU, COCIUHSIONIMMU TEPBBINA y3el
DJIEMEHTa C OCTAJIbHBIMH. B OOBIYHOM peXHME OTOOpaXaroTCs TOJBKO TEpPBBIE TPU Yy3Ia
3JIEMEHTA, 3a/Ial0LIMECs IPU BBOJIE IaHHBIX U OPHEHTUPYIOIIUE SJIEMEHT.

[TpocmoTp Bcex CBsi3eil BOBMOXKEH 10 KOMaHe KoHmponb 6upmyanbHbix cés3ell TOIBKO
10CJI€ BBIMOJIHEHUS pacuéTa WK MPeBapUTEIbHOIO KOHTPOJIS JaHHBIX.

[Ipu penakTHpOBaHWU MApPaMETPOB B TEKCTOBOM PENAKTOpPE WIIM MO KOMAaH/E JIEMEHT
MOXET OBITh IpeoOpazoBaH B 00bIYHOE TBEPAOE TEIIO.
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Puc. 3.6.2. Vicnonb3oBaHue anemeHTa BUpTyarbHOe TBepaoe Teno: a — Moernb
peaoyktopa, 6 — COBMELUEHWE 3NEMEHTa MOAENMPYIOWEro MOAWUNHUK CO
CTepXXHeM, Mmogenuvpyowum Ban (y3en Bana pasMmellaeTcs B LeHTpe wapHupa). 1
— CTEPXHW, MoAenNupyoLwwme Banbl, 2 — chepnieckne LWapHUpbI, MOAENUPYOLLNE
nogwunHukn, 3 — 9nemMeHTbl Mogenvpylowue 3ybyatble konéca, 4 —
reoMeTpuyeckoe Teno uunuHagp, 5 — BupTyanbHoe TBEpAoe  Terno,
KOHTpOMMpytoLee LMnnHap.
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3.7. T'nbkmne HUTH
3.7.1. TMOKaga HUTb

OnemMeHT  IpenHa3HayeH Uil MOJEJIMPOBAaHUS  DJIEMEHTOB  KOHCTPYKLHH,
MPEJICTaBISIIOIIMX cOO0H THUOKHE, NMPEABAPUTENBHO HATAHYTHIE HUTH, TPOCHI MOCTOSIHHOTO I10
JUIMHE CEYEHMS], UCHBITHIBAIOIINE PACIPEECICHHbIE IO JJIMHE Harpy3ku W), , nedcTByromue
NEPIEHIUKYIAPHO OCU OX JIOKAJTBbHOM CUCTEMbI KOOPAMHAT 3J€MEHTa. DJIEMEHT CBS3bIBAET JBa
y3nai u j. Ocb ox HampaBlieHa OT y3J1a i K y31y j »dieMeHta. Ocb 0y JIEKUT B IJIOCKOCTH
CYMMAapHOW IONEPEeYHOW HArpy3KH MPOM3BOJILHO OPUEHTHPOBAHHOW B IJIOOANIbHOI cHcTeMe
koopauHat. Jlanueiii KD cBs3piBaeT 1BE Y3/IOBBIE TOYKHM { W j M HUCHBITHIBAET TOJBKO
nedopmaruu pactsokeHus (puc.3.7.1.). YpaBHeHus paBHOBecHs naHHoro KD, momydeHsl mpu
JOMYIICHUH O MAaJOH BEeIUMYMHE CTpenbl mporuba Sy (M0 CpaBHEHHIO C JJIMHOHM 3JE€MEHTa), U
nonpoOHo wu3nokeHol B /10/. Harpysku, pacnpeneneHHble MO Macce B XOJE BBIYHCICHUN
IPUBOJATCS K Harpy3kaMm paclpeiesieHHbIM IO JUIMHE IO 3aJlaBa€MbIM MHTEHCHUBHOCTU 3TOHN
Harpy3KH, TUIOIIAIU CEUEHUs U INIOTHOCTH MaTepraia HUTH.

DJEMEHT ONUCHIBAETCS CIEAYIOLUMU IapaMeTpaMHu:

1. Homepa y3noBi, ;.

2. Ycunwe TmpenBapUTENBHOTO HATsKEHUsT P, ~ COOTBETCTBYIOIIEE HCXOAHOMY
MOJIO’KEHUIO KOHCTPYKIIUU.

3. JlononHurensHas pacmpenenéHHas 1o JjimHe (oroHHas) Macca.

JloronHuTenbHas ~MOrOHHAs  Macca  IpeJHa3HadeHa I ONMCAHUA  4acTel
MOJICJIUPYEMOT0 dJIEMEHTa KOHCTPYKLHHU, KOTOpPbIE, UMesl Maccy, He BHOCST CYILECTBEHHOTO
BKJIaZla B KECTKOCTh. [IpumepaMy MOTYT CIYXHUTbh TEIUIOM30JIALMUSA, 3aLIUTHOE IJACTHUKOBOE
MOKPBITUE, 00JICICHEHNE.

CymMmapHas nOoroHHasi Macca 3J€MeHTa OYAEeT COCTOSITh U3 MacChl HECYILETO MaTepuaia
Y JIONOJTHUTENILHOM MMOTOHHOM MAacCHhI.

MexaHuueckue CBOMCTBA MaTepuaja yKa3bIBalOTCS B COOTBETCTBYIOIIEH 3alMCH,
pacrosiaraeMoi rnepes OnMCaHUEM IEMEHTOB.

W3 reomerpuueckux XapaKTEpUCTHK CEYEHHs, YKa3bIBAEMOIO B COOTBETCTBYIOILEH
3aIUCsX, PACIOJI0KEHHOM Mepe]] ONMCaHNuEM JIEMEHTOB, HEOOXO0IMMa TOJIBKO IIOMAgb F,

Hnst ydera BETpOBOM Harpy3ku HEOOXOJMM TPUBEACHHBIM a’pOAMHAMUYECKUN
Kod(puLMEHT, 3a7aBaeMblii B PpACHOJIOKEHHOM Tepes OMHCAHHWEM »JIIEMEHTOB 3alluCH C
JOTIOTHUTEIbHBIMU XapaKTEPUCTUKAMU CEUEHMsI CTEPXKHS, a TAK)Ke MPOEKIUU CKOPOCTH BETpa
Ha OCH INI00aIbHOM CUCTEMbI KOOPAMHAT.

[Tpu HE0OXO0AMMOCTH Y4€Ta B3aUMOJCHCTBHS CTEPKHS C KUAKOCTbIO B HAOOpE JaHHBIX
JIOJDKHA HAaXOJAWUTHhCS 3alUCh C ONUCAHWEM  IapaMeTpOB IIOBEPXHOCTH KHMJKOCTH, a B
JIOTIOJTHUTEIIFHBIX XapaKTEePUCTHKAX CEUEHHs TOJDKEH OBITh yKa3aH MPUBEACHHBIN K03 duiment
THJIPOAMHAMUYECKOTO COMPOTUBIICHHUSI.

Ha cxeme naHHBIN 351eMEHT M300pa)kaeTcs TMHUEN JKEITOro I[BeTa, COSIUHSIOMIEH Y3iIbl
I U j

¥ Jis snemeHTa oOecmedeHbl BBIYMCIEHHE U BBIBOJ

P pacTArMBAKOLIEro ycunus P , [IEeHCTBYIOLIEr0 IO OCU OX

JIOKQJIbHOM CHCTeMBl KOOpJMHAT dJeMEeHTa. YKa3aHHas oOcCb
HalpaBiIeHa OT y37a i K Y31y j OJJIeMEeHTa.

Puc. 3.7.1. T'mbkasa HUTb B NnokarbHOW
cucteme KoopauHaTt
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3.7.2. KaHnart

DOneMeHT  MpelHa3HaueH  JJIi  MOJCIIMPOBAHUSA  DJIEMEHTOB  KOHCTPYKIIMIA,
MPEJICTABISIONINX CO00N THOKHE HUTH, TPOCHI, TIOJIBEP)KCHHBIE BO3JICHCTBUIO PacTIpe/IeIeHHbBIX
Mo JUIMHE Harpy3ok, (opmMa KOTOpBbIX, B OOILIEM ciydyae H3MEHSETCS B paccMaTpUBAaEeMbIi
MPOMEXYTOK BpeMeHU. KpoMe Toro, BO3MOKHBI KOHTAKThI C IPYTUMHU JIEMEHTaMU. DJIEMEHTbI
MOTYT UMETb MpeIBapUTENIbHOE HaTsbKeHUe. [IpuMepsl HCob30BaHUsI 3JIEMEHTA MIPEICTABICHbBI
Ha puc.3.7.2 —3.7.3.

Yucno To4ek, CBA3BIBAEMBIX JIEMEHTOM, IIEPEMEHHO, U ONPeIesieTCs B 3aBUCUMOCTH OT
TpeOOBaHUN K TOYHOCTH MOJICTUPOBAHUS JIEMEHTA KOHCTPYKLIUHU, HO HE MOXET ObITh MEHee
TpEX.

o)

MepeMelleHA B MOMEHT BpeMeHM t=4cC
Pxl - yCHIMe DACTAMEHMA- CHATHA
AMINMTYOHOSe SHadeHMe = 19.9H

a)

TeueHne
1 mnic

T

Ie} o]

F=2¢ t=dc

Puc. 3.7.2. icnonb3oBaHne anemeHTa Tuna “kaHat’ B 3agade MoaenupoBaHus
BCMSIbITUS CUrHanNbHOro bysa: 1 — mogenb Oy4; 2 — kaHaT.
a — NonoXeHne 3NeMEHTOB B PasfnNyHblE MOMEHTbI BpEMEHU, 6 —
NOCTPOEHHAsA NPOrpamMMon arpa pacTArMBaroLWmx yCUNuM B KaHaTe B MOMEHT
BpeMeHu t = 4c.

DJeMEeHT UMeeT MOCTOSHHOE 10 JJIMHE ceueHue. Marepuai cedeHus: UCTIBITHIBAET TOJIBKO
nedopmaruu pacTspkeHus-cxatus. [lormepeunas pacnpenenéHHas Harpy3Ka ypaBHOBEIIHBACTCS
MIPOIOJIbHOM 32 CUET KPUBU3HBI 3JeMeHTa (puc. 3.7.3.).

Martpuibl 1 BEKTOPHI, ONMCHIBAIOIINE CBOMCTBA 3JIEMEHTA MOJYYECHBI M3 PACCMOTPEHUS
paBHOBecHsl 3neMeHTapHoro ywactka (Puc.3.7.4). PacnpeneneHHas 1O AJUHE 3JIEMEHTa
roriepeyHasi Harpy3Ka HWHTEHCUBHOCTBIO W), Ha dJIeMEHTapHOM y4acTKe C PaJuyCcoM KPWUBU3HBI
P, 0XBaTHIBAEMOM DIIEMEHTAPHBIM ?®  ypPaBHOBELIMBAETCS IPOEKIUAMHU PACTATUBAOLIEN
cuisl Py,

W, pde =P, do
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OneMeHT u3omnapamerpudeckuil. [lapameTpsl (mepemerieHus, KOOpAUHATHL...) B JII000i
TOUKE, JIeXKalled MEXIy y3JlaMH, ONpEAEISIOTCS 4Yepe3 Y3JOBble 3HAUeHHsI MapaMeTpoB ¢

NOMOIIBIO (YHKIUN (POPMBI, B KAUECTBE KOTOPHIX UCIOIB3YIOTCS PYHKINU DPMUTA.

ONEeMEHT UMEET 110 TpHU CTCIICHU CBO60,I[I>I B y3jlaX — NEPEMEIICHUS B HAIIPABJIICHUN oceit

r7100aIbHOM CUCTEMBI KOOPAMHAT.

HpI/I HEIMMOCPCACTBCHHOM OIIMCAHHUMU [JIA KaXXJI0ro OSJIEMCEHTA 3aJar0TCda CICAYHOUIUEC

JaHHEBIE:

1. Homepa y3510B, CBSI3bIBAEMBIX JJIEMEHTOM i , j .... 3aJal0TCs TOCIEI0BATEIHHO OT

OJIHOTO KOHIIA K JIpyrOMYy.

2. Ycuime NpEaABAapUTEIIBHOIO HAaTAXKCHUA Po, COOTBETCTBYIOIICEC HCXOJHOMY

MTOJIO)KCHUIO KOHCTPYKIIHH.
3. JlomonHUTENbHAS OTOHHAS Macca (Kr/m).
Kaxxnp1ii 31eMeHT OIUChIBAETCSA B OTACILHOM 3aIlUCH.

L]

a)

S)
1

t=0.0 t=0.05 T=0.17 t=0.295 t=0.363
B) o o o Q o o]
Ee] o o] o o °
¢
Q
o

Puc. 3.7.3. Bsanmopgencrtame anemMeHTa Tmna “kaHaT’ ¢ KOHTaKTHbIM POJIMKOM.
1 — KaHaT; 2 — KOHTaKTHbIN POSIMK; 3 — KOHTaKTHbIN Lap.
a — Mogernb B UCXO4HOM NOSIOXEHUU, 6 — NOCTPOEHHbIE NPOrPaMmon
TPaeKTOpUn y3roOBbIX TOYEK, 8 — MOSIOXKEHNE INIEMEHTOB B pa3fiIMyHble MOMEHTbI
BPEMEHM.
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Kpowme toro, 11 anemMeHTa, JOKHBI OBITh 33aHbI CIIEAYIONIUE TaHHEIC.

MexaHuueckue CBOMCTBA Marepuaia. YKas3blBalOTCA B COOTBETCTBYIOUICH 3alucw,
pacnojaraeMoil nepeji OMcaHueM JIEMEHTOB.

W3 reomerpuyecknx XapaKTePUCTHK CEYEHHUs, YKa3blBAEMOI'O0 B COOTBETCTBYIOLIECH
3aMMCsX, PACIONIOKEHHOM Mepe]l OMMCAHUEM AJIEMEHTOB, HE00X0IMMa TOJIBKO TUIOIMAh F),

Jlis  ydera BeTpOBOM Harpy3kd HEOOXOAMM MPHUBEACHHBIA a’pOJMHAMUYECKUI
KO3 (UIIMEHT, 3a/aBaeMblii B PACIIOJIOKCHHON TIepe/l OINMHUCAaHUEM JJEMEHTOB 3aluch C
JIOTIOTHUTEIbHBIMU XapaKTEPUCTUKAMU CEYCHMS CTEPXKHS, a TAKKE MPOEKIMH CKOPOCTH BETpa
Ha OCH TJI00aTBbHOM CUCTEMBI KOOPAMHAT.

[Ipn HE0OX0AMMOCTH Y4€Ta B3aUMOJCHCTBUS CTEPXKHS C JKUIKOCTbIO B HAOOpe JaHHBIX
JOJDKHA HaXOJUThCSA 3allUCh C OINKUCAHMEM  MapaMeTpOB TMOBEPXHOCTH >KUJKOCTH, a B
JIOTIOJTHUTEJIBHBIX XapaKTEePUCTUKAX CEUEHUs JODKEH ObITh yKa3aH MpUBeIEeHHBIN Koduinent
TUAPOANHAMUYECKOTO COITPOTUBIICHHUS.

Ha cxeme snemeHT uzo0paxkaercs JIMHUEH JKEeITOro I[BETa, COCTUHSIONIEH CBSI3bIBAEMbIC
UM Y3JIBL.

&)

dw

0

Puc. 3.7.4. 3nemeHT TMNa “kaHat”.
a — cxema anemeHTa, 6 — paBHOBeCHe CUIT Ha SNieMeHTapHOM y4yacTke.

Jlns snemeHTa oOecriedueHbl BBIYMCICHHE W BBIBOJ PACTATHBAIONIET0 ycwius Py ,
JEHCTBYIOIETO 10 OCH OX JIOKAJbHOM CHCTEMbI KOOpAMHAT 35ieMeHTa. OCh 0x MPOXOJIUT Yepes
LIEHTP CEUEHHUs 3JIEMEHTA U HaIlpaBJE€Ha OT y3JIa C MEHBIIHUM JIOKAJIbHBIM HOMEPOM K Y31y C
00JIBIINUM JIOKAIBHBIM HOMEpPOM. BBIBOJ MOKeT OBITh BBINIOJIHEH KaK B BUJE 3Miop (puc.3.7.26),
TaK 1 B BUJIE [IBETOBOM 3aKpaCKH.

He pomyckaercs omnucanwe OAHOTO KaHaTa B HECKOJIBKUX 3alUCAX MYTEM UX
MOCIeZI0BATENbHOrO coeuHeHus. [Ipu HeoOXOIUMOCTH OINUCAaHUS KAHATOB  IEPEMEHHOIO
CeueHUsT HEOOXOIMMO CO3/1aTh OJWH 0a30BBIA JJIEMEHT C MHHHUMAIBHBIMH 3HAYECHUSMU
MPUBEAEHHON KECTKOCTH EF M MOrOHHOW MaccChl, a 3aTE€M, Ha y4acTKaxX, I/I€ 3HAYEHUS ITUX
BEJIMYUH JOJDKHBI OBITH OOJBINE, CIeNyeT JOOABUThH DJIEMEHTHI C XapaKTEPUCTUKAMHU, PAaBHBIMU
Pa3HOCTH MEXIy 0a30BBIMH U TpeOyeMbIMU. Bee y3Iibl 100aBIsIeMbIX JIEMEHTOB JOJIKHBI OBITH
COEIMHEHBI C y371aMu 6a30BOTO JIEMEHTA.
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3.8. CBA3b KOHEYHOM XXEeCTKOCTU

JIaHHBINA 3JIEMEHT HUCHOJIB3YETCS I ONKMCAHUs CUTyaluid, KOrJa UMEET MECTO YIpyras
CBSI3b C 33/IaHHBIMU BEJIMYMHAMH JKECTKOCTEH B HANpaBICHUU OCEH CHUCTEMBl KOOPAWHAT M
YIIJIOBBIX JKECTKOCTEH, MPEnsATCTBYIOIIAs OTHOCUTEIBHOMY CMEIICHHUIO U TIOBOPOTY JBYX Y3JIOB.

CBs3b ONHUCHIBACTCSI HOMEPAMH CBSI3BIBAEMBIX Y3JIOB I U j M 3HAYCHUSIMH MPHUBEACHHBIX
muHenHbIX (K, K, K; ) u yrinoBeix xectkocte (Ks, Kf, Kz ) OTHOCHUTENBHO Ocel ri1o0anbHOM
CHCTEMbI KOOPJIMHAT.

Ilo pesymbraram pacuera IEpeMEINEHHH IpU pELICHWH 3adad Ul  3JEMEeHTa
OIIPEICTISIFOTCS. CUIIOBBIE (PAKTOPHI - YCHIIMS U MOMEHTBHI OTHOCHTEIBHO KOOPJMHATHBIX OCEH, B
HalpaBJICHUU KOTOPBIX B JJIEMEHTE 3aJaHbl HEHYJEBbIE jkecTKocTH. Ha cxeme m3o0paxaercs
JMHUEH Toiy0oro IBETa, COCTUHSIONICH CBSI3bIBAEMBIC 3JIEMEHTOM Y3JIBL.
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3.9. HeyaepxuBarowasa cBsA3b

K3 npennaznaden mjis onmvcaHusi CIy4aeB KOHTAKTHOM CBSI3M MEXAY Mapod Y3JIOB C
HEJIMHEHHON 3aBUCHMOCTBIO PEAKIMU CBSI3W OT BEJNUYMHBI Jeopmannu. CBsS3b BO3HHKAET
TOJBKO MpHU HaTUuuMU JedopMalvy CKaThsg Tocie BbeIOOpa 3a3o0pa. XapakTepU3yercs
KOHCTaHTaMH K W ONpPEICINSIONIMMU 3aBUCHUMOCTh PEAKIMU OT BEJIWYHHBI JeOpMaIMUA |
BEJIMYMHON HadanbHOTO 3a3opa D, (puc. 3.9.1.), COOTBETCTBYIOIIETO UCXOAHOMY MOJIOKEHHUIO
MOJIEIIH, B BUJIE:

l

=0
0.,
rae

d=q,.—q, +D,

Dairx; MePEMEIICHUS Y3JIOB { U j COOTBETCTBEHHO B HAIPABJICHUH OCH 0X JIOKAJIHHON
CUCTEMBI KOOPJMHAT DJICMEHTA.

OpueHTupyercsi Takke, KaKk M CTep)KHeBble aneMeHThl. [lo pesympTaTam pacyera
MepeMeIIeHN TPy PeUIeHUH 3a1ad JUIs SJEMEHTa OIpEeNeNseTcsl yCuiHue, ICHCTBYoIee B
HAIPABJICHUU OCH 0X JIOKAJbHOW CHUCTEMbI KOOpIMHAT 3JieMeHTa. Ha cxeme m3oOpaxkaercs
JIMHUEHN 3€JICHOTO 1IBETA, COSAMHSIONIEH Y3IIbl i U j.

B 3amavax ¢ mMaibIiMU NEpeMEIICHUsIMHU TP OTPHUIIATEIIBHOM 3a30p€ CO3JIaeT YCWIIUE, a
PV HAJTMYUH HAYAJTBLHOTO 3230pa U3 PACCMOTPEHUS UCKITIOYACTCS.

[lpu paccMOTpEeHUHM TEPEXOAHBIX JUHAMHYECKUX TIPOLECCOB C YUETOM OOJBIIHMX
HepeMeHIeHI/Iﬁ OTCJIC)KMBACTCAd BO3HUKHOBCHHMC W HCUC3HOBCHHC CBA3HM IO TCKYIIHUM
MEPEMEIICHUSIM Y3JIOB.

- IPUBEACHHAS K Y37y I nedopMmarus,

q,ﬁf

Puc. 3.9.1. HeygepxuBatowas cBA3b B
NOKanbHOW cMCTEMe KOOpAMHaT.
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3.10. KynucHbIn-mMmexaHu3m

OneMeHT mnpeaHa3HAuYeH s ONMCAHHUA KUHEMATUYECKOM CBS3M MEXIy Y3JaMu,
CBSI3aHHBIMHU C KYJMCaMU M Y3JIaMH, CBSI3aHHBIMU ¢ Hampaisronieit (puc.3.10.1.). Dt y31b1
JOJDKHBI TPUHAJUIEkKaATh JPYIMM THUIIAM 3JIEMEHTOB, OINMCHIBAIOLUIUMX pEajbHblE 4YacTu
KOHCTPYKUUHU (CTepKHH, IJIACTHHBI, OOBbEMHBIE 3JIEMEHThl U 1p.). Hampapnsiomas Mmoxxer
COCTOSITh W3 HECKOJIBKMX CMEXKHBIX YYacTKOB, KOTOpPbIE HE JOJDKHBI HAKJIaJbIBATbCA U
MIEPECEKAThCA.

DOneMEeHT HaKJIaJblBAE€T HA y3JIbl KHHEMAaTHYECKYI0 WM YIPYI'YIO CBSI3b, IIPU KOTOPOU
TEKyIME€ KOOPAMHATHl Yy371a, CBSI3aHHOTO C KYJHUCOM JIMHEHHO W3MEHSIIOTCA IpU  €ro
NEPEMEIICHUN MEXIY y3JaMH, CBA3aHHBIMU C Y4aCTKOM Hampasistomen. Kaxaplii y4acTok
MMEET CBOI JIOKAJIBHYIO CHCTEMY KOOpPAMHAT, HA4ajo KOTOPOH JIEKUT B y3JI€ I, a OCb OX
MPOXOAUT Yepe3 y3el j. DTH y3JIbl OTPAaHUYUBAIOT PaCCMATPUBAEMBbI y4aCTOK HAIpaBIISIOIICH,
U YCIIOBUEM CYIIECTBOBAHUS CBSI3M SIBISIETCA HAXOXKICHHUE Y3J1a, CBS3AHHOIO C KYJIHUCOM , Ha
orpeske 0 < Xk < Xj , rne Xk - Xx- KoopauHaTa KyJucChl, Xj - X- KOOpJAHWHATa TOYKH J,
OrpaHHYMBaIoNIei 0Tpe3oK. Takum oOpa3om, eciau Kyluca BbIIIA 32 MPeesbl HalPaBIIAIONIEH,
TO HHMKAaKUX CBsI3€l HE HakJajblBaeTcs. B JokanpHOW cucTeMe KOOpAMHAT, YpaBHEHUS CBSI3U
3anuchiBaetcs BBune Yk =0u Zk=0,rne Yk u Zk y vz xoopauHaThl y37a, CBA3aHHOTO C
KYJIUCOH, B JIOKAJIbHON cuctemMe KoopAuHar. CBs3b CUMTAETCS YHOPYIOHM, KOrjaa JUlsl JIEMEHTa
3ajaeTcs mpeaBapuTeIbHo onpeaenénnoe B H/M koHkpeTHOe 3HaueHue xecTkocT Ky = Py /0
rae Py cuna, MPWIOKEHHAs K KyJIHCE MEPIEeHIUKYISIPHO HAIMpPaBIAIOMIEH, O - CMEUIEHHE IO/
JeICTBUEM 3TOHM cuiibl. 3/1€Ch MMEETCs B BUIY MeECTHas >KecTKocTb. Kpome Toro, mexay
KYJIMCOM M HaNpaBJISIIOLIEH MOXKET MMETh MECTO 3a30p, 3a/laBaéMblii B MWUIMMeETpax. B
UCXOJHOM TMOJOXEHUM 3a30p CUMTAETCS CHUMMETPUYHBIM, T.€. OJMHAKOBBIM BO BCEX
HarmpaBjeHusix. MHoe mnonoxeHue peanin3yercss 3aJaHueM COOTBETCTBYIOIIMX HayaldbHBIX
YCJIOBH (TIepeMelieHui).

OnuH »7eMEHT MOXKET OOBEAMHATh HECKOJIbKO HE3aBUCHUMBIX JPYr OT Jpyra TOYeK,
CBS3aHHBIX C KYyJUCaMH, MOJEIUPYS MX CBA3b C HaNpaBIAIOLIEH, KOTOpas, B CBOIO OYEpElb,
MOJKET COCTOSITh U3 HECKOJIBKUX CMEKHBIX yYaCTKOB.

E

Puc. 3.10.1. KynucHbIn MexaHn3Mm: a - pacdeTHas cxema; 6 - y4aCcTOK HanpaBnsoLen u
€ro fiokanbHasa cuctema koopauHaT; 1 - Hanpasnsawwas; 2 - Kyrnuchl.
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Hampasnsromas 3meMeHTa MOKET pacroiaraTbcsi Kak Ha CMEKHBIX JIEMEHTAX, Tak U Ha
COOCTBEHHOW HampaBJIAIONIEH TpyOyaTOro CEYEeHHUs C YINPYrUMH CBOWCTBAMHU CTEPKHEBOTO
JJIEMEHTA.

DneMeHT 00J1a/1aeT CIeIyIOIUMHI BUPTYAIbHBIMUA CBOWCTBAMHU:

e Touku KyJInC MOXHO HE yKa3blBaTb. B 3TOM ciydae KyJauchbl ONPENENsItoTCA Kak
TOUYKH, pacloJIOKEHHbIE Ha yyacTKax Hampasistouieil. Kontponupyemas o6nactb
IIPU 3TOM OIPEAEIAETCS JJIMHON ydacTKa, U pacCCTOSIHUEM 110 HOPMaJIU OT JIMHUU.
MaxkcuManbHOE pacCTOSHHE OIpeaensieTcss Jubo Kak paauyc HapyKHOU
MOBEPXHOCTH COOCTBEHHOW HAIpaBisioOmIeld, Jmbo, mpu e€ OTCYTCTBUH,
npuaumaetcsa paBHeiM 0,051, roe L — qyiHa ydacTka.

e [lpu Hammuuu coOCTBEHHON HampaBsIONIeH e€ HadyanbHas U KOHEYHAst TOUKH IO
YMOJYAaHUIO CUUTAOTCS BUPTYaAJIbHBIMHM, €CIM SIBHO HE CBSI3aHbl C JPYTUMU
3JIEMEHTaMHU.

st aeMenTa 3a1a10TCs CeAYIOIMEe TapaMeTphl:

1. KonnuectBo Nx U HOMEpa y3JI0B, CBA3aHHBIX ¢ Kyiaucamu. [Ipu 3amanum  N=0
KYJIMCBl OIpPEACNAIOTCS W3 BHEHIHUX JUIS 3JIEMEHTA Y3JI0B, HAXOJIAIIUXCSH B
KOHTPOJIMPYEMOH 00J1aCTH.

2. Homepa y310B, cBsi3aHHBIX € Hampasisitomied. Homepa momkHbl 3aaaBaThes
CTPOroO IIOCJIEIOBATEIBHO 10 Y4aCTKaM U HE JOJDKHBI HUMETh IIEPEKPBIBAIOIINXCS
YYaCTKOB.

KoadduuumenT TpeHus B mapax KyauChI-HAIIPABISIONINE.

4. TlpuBenennas x€ctkocth, H/M. 3nmech 3amaércs MecTHas KECTKOCTh B 00J1aCTH

koHTakTa. [Ipu 3amaHum Hy/eBOM BENMYMHBI KYJIUChl CUHUTAETCSl aOCOJIOTHO

KECTKUMHU.

3a30p B UCXOHOM ITOJIOKEHUH, MM.

6. Buyrpenumii fuametp d u TOJIIMHA CTeHKU A Hampasistomel. [Tpu 3ananun d=0
ceueHre cumtaercs KpyribiM. [Ipu d=0 u A=0 coOcTBeHHas HampaBJsIONIAs

OTCYTCTBYET M PacIoJlaraeTcsi Ha BHEIIHUX JIEMEHTAX.

(98]

b

HpI/I HAJIMYUH COOCTBEHHOM HaHpaBJ’IHIOH_[eﬁ IJI1 HEC BBIBOIATCA TC KC HANPAXKCHUA U
yCuius, 4TO U IJId CTCPIKHEBOI'O DJICMCHTA.

Ha cxeme nporpamma n3o0pakaeT HalpaBsIONIYI0 OTPE3KaMH MPSIMBIX 3€JIEHOTO I[BETA,
a KYJIMCBI - OKPYXHOCTSIMU JUAMETPOM 2 MM.

[Ipu Hamuuuu COOCTBEHHOW HANPABIISIIONIEH OHA OTOOpaXKaeTCsl KaK CTEPKEHb KPYIJIOTO
CEYEHUs 3€JIEHOIO 1IBETA.
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3.11. KoHTaKTHble 3neMeHTbl.

OneMeHTbl NpeJHAa3HAYeHbl JUIsl OIMCAHUS PA3JIMYHBIX CIIy4aeB KHHEMAaTHYECKON
HEYACP)KUBAIOLIEH CBSI3W MEXKJy KOHTAKTHBIMU 3JIEMEHTaMU (TOYKaMM, IIapaMud WU
pOJIMKaMHU), U y4YacCTKaMHU IOBEPXHOCTU Mojeau. CBs3b BO3HMKAET B MOMEHT BBIIIOJIHEHUS
YCIIOBUHM KOHTAaKTa. Pe3ybTaTOM BO3HUKHOBEHHS CBSI3U SIBJISIETCS NOSIBJIICHUE YIIPYTOM pEeakLnu,
NPEMSATCTBYIOMIEH COMMIKEHUIO KOHTAaKTHPYIOIUX TEJL.

VcioBUsI KOHTaKTa, CHOCOObI HX KOHTPOJS M ONpEAETCHUs YHOPYTuX peakuui
OTIPENIENAIOTCSA TEOMETPHUECKUMHI OCOOCHHOCTSAMHU KOHTAKTUPYIOIIUX MOBEPXHOCTEH U LENSIMU
monenupoBanus. IlpencraBneHHas nanee OMOIMOTEKAa KOHTAKTHBIX 3JIEMEHTOB OXBAThIBAET
JOCTAaTOYHO IIUPOKUH Ha0Op BO3MOXKHBIX BapuaHToB. Cremyer UMeTb B BHIY, YTO
MOJICJIMPOBAHME KOHTAKTHBIX B3aUMOJIECHCTBUI TpeOyeT BBINOJIHEHUS 3HAYUTEIBHOIO 00bEMa
BbIYUCIICHUH. YeM Ooliblie BO3MOKHBIX BApUAHTOB KOHTAKTA PEATM3yeT 3JIEMEHT, TeM OOJIbIINI
00bEM BbruuciieHuil Tpedyercs. IloaTomy, npu BbIOOpE 3JIEMEHTOB AJISl ONUCAHMSI KOHTaKTHBIX
B3aMMOJICHCTBUI BO3MOJKHBIE YCJIOBHMSI KOHTAaKTa CJIE€NyeT OrpaHMuYMBaTh. Tak, €ciau 3apaHee
W3BECTHO, KaKUE Y3JIbl U MIOBEPXHOCTH BCTYNAIOT B KOHTAKT, TO CIEAYET IPUMEHUTH JIEMEHTHI
JIOKQJIbHOTO KOHTAKTA U T.J.

Toukn 371€MEHTOB ATOW TPYNIBI 110 YMOJYAHHUIO CUMTACTCA BUPTYaJIbHBIMHU, €CIM HE
CBS3aHbI C IPYTUMH 3JIEMEHTAMH.

3.11.1. KOHTaKTHbIe TOUYKW.

KoHTakTHBIE TOUKH — 3TO OOBIYHEBIE Y3JIbl, KOTOPLIC 0003HaYeHBI KaK KOHTAKTHBIC, U AJIA
KOTOPBIX IIOJara€rcd, 4YTO0 OHHW MOT'YT BCTYIIaTb B KOHTAKT C JPYIrMMHU KOHTAKTHBIMH
JJICMCHTaMU.

B03MOXHOCTh KOHTAaKTa KOHTAKTHOM TOYKHA M KOHTAaKTHOM IMOBEPXHOCTHU MPOBEPIACTCA U
MOZACIIUPYETCH BCEraa.

KoHTakT KOHTAaKTHOH TOYKH C KOHTAKTHBIMHU mrapamMu, poOJMKaMHl MW KOHYCaMH
MMPOBEPACTCA U MOACIIUPYCTCH TOJIBKO B TCX ClIydasX, €CJIIM B OIIMCAHUHN 3TUX DJICMCHTOB YKa3aHa
BO3MOXHOCTbh KOHTAaKTa C KOHTaKTHBIMH TOYKaMH.

HpI/I MOACIINPOBAHUH KOHTAKTHOI'O BSaHMOHCﬁCTBHH C HUCIIOJIb30BAHUEM I3TUX OJICMCHTOB
paccMaTpuBaCTCA KOHTAKT TOYKH U ITIOBECPXHOCTHU.

Ka)KI[BIfI KOHTAKTHBINA 3JIEMEHT AHAIIU3UPYET TOJIBKO T€ KOHTAKTHBIC TOYKH, 3aIllUCh C
OIMMCAHUEC KOTOPLBIX PACIIOJIOKECHA IICPEA 3alIUChI0 C TaHHBIMU 00 3TOM DJIEMEHTE.

Ha cxemMax KOHTaKTHBIE TOYKH OTO6pa)KaIOTCH OKPYKHOCTAMUA 3eJIEHOTO IBC€Ta
(puc.3.11.2.1).

3.11.2. KOHTaKTHble NOBEPXHOCTMU.

KoHTakTHass TOBEPXHOCTh TPEICTaBIsACT COOON UYETHIPEXYTOJIbHUK IMPOU3BOIBHOMN
(GbOpMBI WM TPEYTOJIBHUK, U MOXKET BCTYMaTh B KOHTAaKT C KOHTAKTHBIMH TOYKAMH, a TaKXKe C
KOHTaKTHBIMM IIapaMH, POJMKAMU M KOHycamu. I[Ipu 3TOM, B OMMCAaHUM KOHTAKTHBIX IIAPOB,
POJUKOB M KOHYCOB JIOJDKHO OBITh YKa3aHO, YTO OHHM MOTYT KOHTaKTHUPOBaTh C APYTUMHU
KOHTaKTHBIMH 3JIEMEHTaMH.

I'eoMeTpruyecKr KOHTAKTHBIE TTOBEPXHOCTH MOTYT OBITh IJIOCKHMH, OCECUMMETPUIHBIMU
U CepUYECKUMU.

Peann3oBaHo B2 OCHOBHBIX THITA KOHTAKTa, PEATU3yEMbIX MIOBEPXHOCTIMHU—-TIIO0ATBHBIHA
Y JTIOKAJIbHBIM.
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[Tpr rm00aTPHOM KOHTAKTE AHAIM3UPYETCS KOHTAaKT CO BCEMHM TOYKAMU M TEJIaMU,
OMMCAHUE KOTOPBIX PACIOJOXKEHO MEpe]l ONUCAHUEM IOBEPXHOCTH. OJTOT THUIl KOHTAKTa
MpEeHAa3HAYEH Ui MOJACIMPOBAHUA MEXAHU3MOB, B KOTOPBIX KOHTAKTHPYIOIIHME Iapbl
MU3MEHSIOTCS B X0J€ MOJIEIMPYEMOrO MpoIiecca.

[Ipy 1OKAJIBHOM KOHTAKTE MOJAraeTcs, YTO y3JIbl, C KOTOPBIMH OCYLIECTBIISIETCA KOHTAKT,
W3BECTHBI 3apaHee M HE U3MEHSAIOTCS. DTOT THUIl KOHTAKTa IpPEIHAa3HA4YEeH JJI MOJEIUPOBAHUS
pa3IMYHBIX Pa3bEMHBIX U HEPA3BEMHBIX COEAUHEHUN JIE€TAJIC, B KOTOPBIX OTHOCUTEIBHOE
MOJIOKEHNE KOHTAKTUPYIOLIUX TOBEPXHOCTEN U TOYEK HE U3MEHSETCH.

3.11.2.1. TnobanbHbLIA KOHTAKT

OJEeMEHT IUIOCKOM KOHTAaKTHOW MOBEPXHOCTH NPH MOJCIUPOBAHMM KOHTaKTa C TOYKOM
npenacrasieH Ha puc. 3.11.2.16.

V31Bl MOBEpXHOCTH, KOHTAKTHBIX TOYEK, IIAPOB M POJUKOB JOJKHBI MPHHAJUIEKATH
OpyruM Tunam saemeHToB (puc. 3.11.2.1a.), onuceiBaroliMM peajibHblE YacTH KOHCTPYKLHHU
(CTepKHU, TJIACTUHBI, 00bEMHBIC AIIEMEHTBI U . ).

JlokanpHas cuctemMa KOOpJAMHAT 3JIEMEHTA X0YZ OPUEHTUPOBaHA CIEAYIOIINM 00pa3oM:

-Ha4yaJo PacHoJIOkKEHO B LIEHTPE 3JIEMEHTA (Ha MepecedeHnn AuaroHaiei);

-0Ch OX IapaJijielibHa NPsIMOM, MPOXOASILEH Yepe3 CepeuHbl CTOPOH I -j U k - [

-IIJIOCKOCTb XOY MapajuielbHa IPAMOM, IPOXoasIIel Yyepe3 cepeluHbl CTOPOH j -k U i -

Puc. 3.11.2.1. KOHTaKT NnoCcKoOn NOBEPXHOCTU C TOYKOWM: a - NPUMep pacyeTHOM
CXeMbl MPU ONUCaHUM KOHTaKTa Kyna4yok-pblivar; 6 - afieMeHT B JIoKarbHOW cucteme
KoopauHarT; 1 - KOHTaKTHbIE TOYKM; 2 - KOHTaKTHas NOBEPXHOCTb.

[Tpy BBIUUCIIEHUSX MIPOBEPSIOTCS YCIOBUS HAX0XKIEHHUSI KOHTAKTHOM TOYKH BHYTPH Tela,
a TakKe BHYTpH (UTYpBI, OFpaHUYHMBAIOIIEH TOBEPXHOCTh. JIEMEHT I0JIaraeTcsl ypyrum, T.e.
IpU BBINOJHEHUU YCIOBMHA HAJM4YMs KOHTAKTa YIOpPYTHMe CBOMCTBA 3JI€MEHTa OIMCBHIBAIOTCS
MaTpULel >KeCTKOCTH. JKecTKOCTh 3yieMeHTa NMPUHUMAETCS] 3HAUUTENBbHO OOJIBIIE KECTKOCTU
CBSI3bIBAEMBIX JIEMEHTOB. JTO 00ECIeUrBaET BBINOJIHEHNE KHHEMAaTHUYECKUX YCIOBUI CBS3U C
JIOCTaTOYHOM TOYHOCTBHIO, M, OJHOBPEMEHHO, 0O0ecrneyrBaeT BO3MOXHOCTb ONpEeNIeHuUs
HOpMAJIbHOW peakIMM B TOYKE KOHTaKTa R, s ONpeAeNeHUs CUIIbl TPeHUS Fup = - Kkmp Ry,
MPEMSTCTBYIOUIEH OTHOCUTENIBHOMY MEPEMEIICHHIO KOHTAKTHON TOUYKH M TOYKH [MOBEPXHOCTU B
IJIOCKOCTH KOHTAKTA.
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VYcnoBus HaNUM4MS KOHTaKTa JUIA IUIOCKUX JJIEMEHTOB B BUIE Zp < Zs , THE Zp - £ -
KOOpJMHATa KOHTaKTHOW TOYKU, Zs; - Z - KOOpAMHATa KOHTAKTHOW MOBEPXHOCTHU B TOYKE C
KOOpAMHATAMU X, , Y, B JJOKaJIbHOM CUCTEME KOOPAUHAT 3JIEMEHTA.

JlJi1 ocecCUMMETPHYHBIX KOHTAaKTHBIX 3JIEMEHTOB 3TO YCJIOBHUE 3alUIIETCs B BUIe R,<Rj
— JUIA ciyd4asi, KOTJla OCh 3JIEMEHTa HaXOJUTCs HUXKE MOBEpXHOCTH AneMmeHTa (puc.3.11.2.2a),
wii R,>Rs; — Ui cilydas, KOrja OCb JJIEMEHTa HAaXOJWUTCS HIKE IMOBEPXHOCTH AJIEMEHTA
(puc.3.11.2.26). Ilonaraercs, 4TO paanycC MOBEPXHOCTH U3MEHSIETCS JTHHEWHO OT y3Jia K Y31y H
oTpezieNiIeTCcsl 0 pajuycaM B y3Jlax C HCMosb3oBaHue QpyHKuuit Gopmbl snemenTa. [Ipu atom,
JUTsi OOJIBIIUX TEPEMEIEHU TEKyIee MOJIOKEHNE y3JI0B OCH CHMMETPUU HE MMEET 3HAYCHUS.
Pannychl MOBEpXHOCTH U KPUBU3HA CUUTAIOTCS MOCTOSHHBIMU U OIPENEISIOTCS MO HCXOAHBIM
KOOpAUHATaM Y3JI0B. OCeCUMMETPUUYHBIE TTOBEPXHOCTH MO3BOJISIOT KOPPEKTHO MOICIUPOBATH
coenmuHeHWE pAeTane ¢ Hararom (puc.3.11.2.26). B sToM ciaydae y37bl COCIMHIEMBIX
MOBEPXHOCTEN BBIPABHUBAIOTCS IO HUIUHIAPUYECKHUM MOBEPXHOCTSAM, COOTBETCTBYIOLIUM HX
peanbHbIM uameTpaM. CeTKM COeIMHAEMBIX TakuM oOpa3oM dYacTeil MOJeNu MOTyT He
coBmagath. B pe3ynbrare penieHuss KOHTAKTUPYIOIIME Y3JIbl TOYEK M IMOBEpPXHOCTEU OyayT
BBIDOBHEHBI [0  OCECHMMETPUYHOM  TOBEPXHOCTH, COOTBETCTBYIOIIECH  PaBHOBECHIO
KOHCTPYKITUH.

B peanbHBIX KOHCTPYKIMSIX KOHTaKTHAs TOYKAa MOXKET HaXOAHUTHCS C HUKE KOHTAKTHOU
MOBEPXHOCTU TPH OTCYTCTBUM PEATBHOTO KOHTakTa. sl MonenupoBaHHs 3TOW CHUTYallUU
BBEJICHO [OMOJHHUTEIbHOE YCIOBUE HAlWYHs KOHTaKkTa Zt < Zp, 20e Zt =-t, { — TiyOuHa
KOHTPOJIS TOYEK, OOBIYHO TPUHUMAaEMasi paBHOM TOJIIIIMHE 3BE€HA B PACCMATPUBACMOM TOUKE.

[Tonaraercs, 4TO Ha KOHTAaKTUPYIOLIUX MOBEPXHOCTAX MMEET MECTO KYJIOHOBO TpPEHHE,

T.C. pacnpeneﬂéHHaﬂ 10 IIOBCPXHOCTH CHJIa TPCHUA .fm,) [MponopnuoHaJibHa JaBJICHHIO B
KOHTAaKkTe P, U MpenATCTBYECT OTHOCUTCIIbHOMY CMCIICHUTIO HOBerHOCTeﬁ.

V
fn-.,p = _|i:—:|kn-.,ppx
,

rae Kuwp - KOD(POUIMEHT TpeHHs, CBASHIBAIOIIME HOPMANbHOE JaBIEHHME HA
MIOBEPXHOCTH KOHTAaKTa C PACHPENeNEHHBIM 1O TOBEPXHOCTH YCHIIHEM, TPEMSTCTBYIOIIUM
OTHOCHUTEJIbHOMY CMEIICHUIO0 KOHTAKTUPYIOIIHUX TOBEPXHOCTEH.

Jlnst sneMeHTa 3a1ar0TCs:

— HOMepa OrpaHMYUBAIOIIUX Y3IO0B i, j, k, [;

— THTI KOHTAKTa - TTI00aJIbHBIN;

— ITyOWHA KOHTPOJISI TOYEK f;

— KO3(QPUIMEHT TPEHUS Kmp;

— JUIl OCECUMMETPUYHON MOBEPXHOCTH 33Jal0TCS HOMEpa Y3JI0B 711 U 1, Yepe3 KOTOpbIe
IPOXOJUT OCh CHMMETPHUH JJIEMEHTA.

B 0OblYHOM peXUME OCECHMMETPUYHBIE U IUIOCKHE TOBEPXHOCTH OTOOpaKaroTCs
OJIMHAKOBO — YETHIPEXYTOJbHUKAMH 3eIE€HOro IBera. OTinuue TPOSBISETCS B PEXAME
O0TOOpa)keHHsI JIOKAIbHBIX CHUCTEM KOOPJMHAT »3JIEMEHTOB. B 3TOM pexuMme cepeluHbl
OCECUMMETPHYHBIX JJIEMEHTOB COCIUHSIOTCS C TOUYKaMH, OTPENCISIOIIUME MOJIOKEHUE HX OCH,
npsMbeiMu (puc.3.11.2.22).

[lpn 3amaHWKM WCXOAHBIX JAaHHBIX KOHTAKTHBIE TOYKH WM KOHTAKTHBIC ITOBEPXHOCTH
OTHCBIBAIOTCS OT/AEIBHO, U B XOZI€ BBIYUCICHHUH A KaXKIOTr0 JEMEHTa MPOBEPSIIOTCS YCIOBUS
KOHTaKTa CO BCEMH KOHTAKTHBIMH TOYKAMH
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Puc. 3.11.2.2. OcecCMMMETPUYHbIE KOHTaKTHbIE MOBEPXHOCTU: a — HapyXHas (OCb
HWXKe MNoBepxHOCTWN); 6 — oxeaTbiBawLWas (OCb Bblle MNOBEPXHOCTU); 8 —
BbIMOSIHEHNE YCNOBWUIN KOHTAKTa Npu pacyé€Te COeaUHEHUs C HaTArom; & — obpas
3NeMeHTa B pexmmMme oTobpaxkeHns nokanbHbIX cucTem koopamHat K3;

1 — KOHTaKTHbIE TOYKMK; 2 — KOHTAKTHbIE MOBEPXHOCTM.

3.11.2.2. lokanbHbIN KOHTaKT

Jl1 J10KanbHOrO KOHTAaKTa XapaKTepHa BO3MOXKHOCTH IPENBAPUTEIBHOIO ONPEAEIICHUS
KOHTAKTHBIX TOYEK Ui Ka)J0H MoBepXHOCTU. [IpuMepamu 37€Ch MOTYT CIIY)KUTh Pa3IUyHbIE
pa3bEMHBIE COEOUHEHMS, B KOTOPBIX OTHOCHTEIBHOE IIEPEMELICHHE KOHTaKTUPYIOLINX
MOBEPXHOCTEN HE3HAYUTEIHHO — ()IAHIIEBbIE COEMHEHMS, IUINLEBbIE, IITIOHOYHBIE U TIP.

Tunsl 1 CBONMCTBA JTOKAJIBHBIX KOHTAKTOB pacCMOTpeHsI B 11.3.11.4.

ToukH, KOHTAKTHPYIOIIME C TOBEPXHOCTSIMH, ONPEAENAIOTCS Ha HayaJlbHOM JTare
pacuéra npu aHaiau3e reoMeTpuu. IIpu 3TOM KOHTAKTHBIMHM CUMTAIOTCS TOYKH, HAXOZSIIKECS B
KOHTPOJIMPYEMOM 00J1acTH, OTPaHUYEHHON PAacCTOSHUEM Ha /i OT MOBEPXHOCTH, 33/JaBa€MbIM B
UCXOJHBIX JaHHBIX. [ IUIOCKHMX MOBEPXHOCTEW PACCTOSHUE OINpPEAEISAETCS MO HOPMalIM K
MMOBEPXHOCTH, ISl OCECHMMETPUYHBIX — 10 paauycy Puc.3.11.2.3).

Taxkum o0pa3zom, A7 JAaHHOTO AJIEMEHTA YKa3bIBAIOTCS TOJBKO IMOBEPXHOCTH M pa3Mep
KOHTpoJupyeMor o6mactu. Tomosoruss KOHTakTa CTPOMTCS aBTOMaTHYECKH B Ipoliecce
BBIYUCIICHUM.

Jlst ameMenTa 3a1arTes:

— HOMEpa OrpaHUYMBAIOIINX Y3JIOB i, j, K, [;

— TUI JOKAJIbHOTO KOHTaKTa (Ir€OMETPUYECKHIl, OTHOCUTENbHBIN, MOCTOSHHBIN, KECTKOE
COEZIMHEHUE, Pe3b00BOE COEAUHEHUE);

- MapaMeTpbl KOHTAKTa;

— Konrtponupyemoe paccrosinue h;
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— IJIA OCGCHMMCTpH‘IHOﬁ MOBCPXHOCTHU 3aJAOTCA HOMEpA Y3JI0B m U R, UCPC3 KOTOPLIC
IpOXOJAUT OCb CUMMETPUH DJIEMCHTA.

Puc. 3.11.2.3. OnpeaeneHne KOHTaKTHbIX TOYEK AS1s1 NTOKanbHOW KOHTaKTHOW
NOBEPXHOCTU: @ — ANdA Nfockon, 6 — Anst 0CeCUMMETPUYHON.
1 — KOHTaKTHasi MOBEPXHOCTb, 2 — TOYKN KOHTaKTa.

3.11.2.3. KOHTaKT Teno-noBepxHOCTb

KonrtaktHeie mapsl u ponuku (puc.3.11.2.4.), nmonpoOHee paccCMOTpEHHBIE Jajee,
xapaktepusyrorcs auamerpoM. [llap cBs3aH ¢ OgHUM Y3JI0M i, PACIIOJIOKEHHBIM B €r0 LIEHTPE.
Ponuk cBsizaH ¢ AByMsl y3/1aMu i U j, pacTioiOKEHHBIMU Ha €ro OCH B KpaHUX TOYKaX. ToJIIMHA
POJIMKA ONPEACIIAETCS PACCTOSTHUEM MEXY y3JIaMHU.

XKeEcTKOCTh ATUX JIEMEHTOB OIPEAETSAETCS B COOTBETCTBUM C UX pa3MepaMu AJis ciiydas
KOHTaKTa MIOCKOCTh 1Iap U TNIOCKOCTh-LUIMHAP COOTBETCTBEHHO.

Cnenyer uMeTh B BUAY, YTO IIPU B3aUMOJAEUCTBUM C KOHTAaKTHOM MOBEPXHOCTHIO MJIS
pOJIMKa YCIOBUS KOHTAKTa IMPOBEPSAIOTCS ISl OKPY)KHOCTEM, MPOXOMALIMX YEPE3 €ro Yy3Jibl,
MO03TOMY €CJIM KOHTaKTHasl MOBEPXHOCTh WK €€ peOpo MpoiAET MEeXAy y3JaMH, TO KOHTAKT He
CUMTAETCSl yCTAaHOBJICHHBIM.

KoHTakTHbIE NOBEPXHOCTH, KOHTAaKTUPYIOIIUME C KOHTAKTHBIMU TOYKaMH, LIapaMu H
WIMHAPAMH, Ha3bIBAIOTCS II100aTbHBIMU, WM TOBEPXHOCTSAMH II100aIbHOIO KOHTAKTA.

Mexny omMcaHMsIMM KOHTAaKTHBIX TOYEK M KOHTAKTHBIX IOBEPXHOCTEH CYIIECTBYET
MO3UIMOHHAs 3aBUCUMOCTb. KOHTaKTHbIE TOBEPXHOCTU BOCIIPUHUMAIOT TOJIBKO T€ KOHTAKTHBIE
TOUYKH, OIMCAHUS KOTOPBIX PACMOJIOXKEHBI MEepes ONMUCAHUSAMU MOBepxXxHOCTel. TakuM obpazom
COCTABJISIETCS TPYIIa KOHTAKTHBIX 3JIEMEHTOB (TOYKU-TIOBEPXHOCTH). TakuX rpyri MOKET ObITh
HECKOJIbKO B OJJHOM Ha0ope AaHHbIX. B kaxmoil rpymme MoXXeT ObITh TOJIBKO OJIHA 3aIUCh C
onucaHueM MoBepxHocTel. OnucaHuii Touek MOKeT ObITh HECKOJIbKO. OnrcaHne TaKo rpymIbl
3aKaHYMBAETCS 3aIMChIO C OTMCAaHWEM KOHTAKTHBIX ITOBEPXHOCTEH.

AHanoruyHass ~ 3aBUCHUMOCTb  CYILECTBYET  MEXIY  ONUCAaHUSIMU  KOHTAKTHBIX
MOBEPXHOCTEH M KOHTAKTHBIX Tes (LIapbl, HMWJIMHAPHI, KOHYChbI). KOHTaKTHBIE MOBEPXHOCTU
BOCIIPUHUMAIOT TEJIa, ONMCAHUS KOTOPBIX PACIOJIOKEHBI IIEPE] ONMCAHUSAMHU [TOBEPXHOCTH.
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Puc. 3.11.2.4. KOHTaKT Wwapa v ponuka ¢ NoBepXHOCTbIO: @ — Lap U KOHTaKTHas
NOBEPXHOCTb; 6 — PONMK U KOHTAKTHasA NOBEPXHOCTb.
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3.11.3.KoHTaKTHaa rpynna

OTnvuueM NOBEPXHOCTEH, BXOJSMIIMX B KOHTAKTHYIO TpYIIy, SBISETCS TO, YTO B
KaueCTBE KOHTAKTHBIX TOYEK pPACCMATPUBAIOTCSA TOJIBKO Y3JIOBbIE TOYKH IMOBEPXHOCTEH,
BXOJIALINX B JAHHYIO TpyIy. Tak orpaHHYMBAaeTCs] YMCIIO BOZMOXKHBIX KOHTAKTOB. Takxke, Kak
U JIJIS1 TOBEPXHOCTEH KOHTAKT MOXKET OBITh JIOKAJILHBIM U TJI00aTHHBIM.

CTpyKTYypHO ONHUCaHHMsl [OBEPXHOCTEW, BXOAAIIMX B  KOHKPETHYIO  TIpyHIy,
O00BEIMHAIOTCS  OTACJIbHYIO 3aIUCh.

[IpocreiimuM mpuMepoM, Ui OMHMCAHUA KOTOPOTO LieiaecooOpa3HO HCIOIb30BaHHE
KOHTAKTHOM TPYIIbI, MOXKET CIY>KUTh MOJAMIUIHUK KAu€HHUs, TJ€ B KOHTAKT MOTYT BCTyHaTh
TOJIbKO TOYKHM TPYUIMXCA IOBEPXHOCTEW, pACIOJIOKEHHbIE Ha OCH M mojmunHuke. s
MOJICTTUPOBAHUSL ATOTO COCIUHEHHS HEOOXOIUMO KaKUM-THOO 00pa3oM BBECTH KOHTAKTHBIC
MOBEPXHOCTH, PACIOJIOKEHHBIE HA COMPHUKACAIONIMXCA TOBEPXHOCTAX OCH U BTYIKH, U
00BEIMHUTD UX B OTIEIBHYIO 3anuch. [IpuMep UCronb30BaHMs HECKOJBKUX KOHTAKTHBIX TPYIII
npenctasieH Ha puc.3.11.3.1. Monenupyercsa coeauHeHue pblyara ¥ mHamndsl. Peruar u och
MOTYT  TIOBOPQYMBATHCS OTHOCHUTEIIBHO JPYr Jpyra BOKpyr ocu mamndbl. diaHelr perdara
ynupaercss B OypT mamdsl, 4TO OrpaHUYMBACT IEpPEMEIleHHE pblyara B HANpaBICHUU OCU
nangsl. Ha puc.3.11.3.16 npencrasiena KO-momens paccmarpuBaemoro y3ma. Ha puc.3.11.3.16
MIPEJICTaBJICHBI TPYIIIbI KOHTAKTHBIX MOBEPXHOCTEW, MOJICTUPYIOIINE KOHTAKTHI B y3JI€.

OuyeBuIHO, YTO TMOBEPXHOCTH OypTa M TOpIA pblYara HUKOT/a HE BOMIYT B KOHTAKT C
TOYKAMHM [WJIMHAPUYECKUX TMOBEpXHOCTe ppuara u nandsl. IlosTomMy, KOHTaKTHBIE
MOBEPXHOCTH IIEJIECO00Pa3HO OOBCIMHUTH B OTACIBHYIO KOHTAaKTHYIO TpyHmny. AHAJIOTHYHO,
WIMHIPUYECKHE TTOBEPXHOCTU OOBEIUHSIIOTCS B OTIENbHYIO KOHTaKTHYIO rpynmy. CTpykTypa
Habopa JaHHBIX, OMHUCHIBAIOLIETO IMEPEYUCICHHBIE COCIUHEHUS, JTOJDKHA HUMETh CIICIYIOUIUN
BU]I.

N nn/m VMS 3almcu TUI IOAHHHX, XPaHAWMXCS B 3aluCU
1 KOOPIOMHATH Yy3JIOBHX TOUEK
2 Handa ob6béMHEIE KD (8 y=3510B)
3 Priuar oOBéMHEIE KD (8 y3J0B)
4 BypT-ToOpel, KOHTAKTHAasa Tpylna
5 OCcb—-BTYyJIKA KOHTaKTHAasa Tpylnna

I'eoMeTpus 1 mapaMeTpbl AIEMEHTOB KOHTAKTHBIX TPYII, 33[Jal0TCs TakkKe, KaK U Ui
MOBEPXHOCTEN II00abHOTO KOHTaKTa (cMm.1m.3.11.2).



141

Puc. 3.11.3.1. KoHTakTHbIe rpynnbl.
a — cxema coeamHeHus uandsbl 1 peidara; 6 — mogenb yana; 8 — onucaHue
KOHTaKTOB M CO3aHNE KOHTaKTHbIX rpynmn.
1 — uanda, 2 — pblyar, 3 — KOHTaKTHasi rpynna MogenupyoLas B3anMogenctame
OypTa uandsbl 1 Topua pbldara, 4 - KOHTakTHas rpynna MmogenupytoLas
B3anMOJencTame LNIMHAPNYECKNX NoBepxHOCTen uandbl 1 pblyara
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3.11.4. [NloBepPXHOCTN U TOUYKU NTOKANIbHOro KOHTaKTa

OTiuneM  NOBEPXHOCTEM  JIOKAIBHOIO  KOHTAaKTa  SIBJISIETCA  BO3MOXHOCTH
IIPEIBAPUTEILHOTO OIIPEIEICHNs KOHTAKTHBIX TOUYEK I KayKJOW MOBEPXHOCTH.

[Ipumepamu 371€Ch MOTYT CIIY>)KUTb Pa3jIUYHbIE PAa3bEMHBIE COECIUHEHUS, B KOTOPBIX
OTHOCHUTEJIBHOE MEepPEMELICHNE KOHTAKTUPYIOUIMX MOBEPXHOCTEH HE3HAUUTENIbHO — (pIaHIIEBbIE
COEIMHEHUS, IUIMIIEBbIE, IIITOHOYHBIE U TIP.

B onmcaHnn TONOJIOrMM NMOBEPXHOCTEM NAHHOIO THIIA IPUCYTCTBYIOT HOMEpa Y3JIOB,
OINpPEACISAIONINX TOBEPXHOCTh, a TAK)KE€ HOMEpa y3JI0B (OT OJHOTO 110 YETHIPEX), C KOTOPBHIMU
IIOBEPXHOCTh MOJKET BCTYNaTh B KOHTAaKT. EciM TOYEeK BO3MOXKHOIO KOHTakTa OoJibllle, TO
3a7a€TcA el€ 0OHA MIOBEPXHOCTD U T.[I.

JI1 MoBEpXHOCTEN JTOKAJILHOTO KOHTAKTa 33Jal0TCs CIEAYIOIINE CBOMCTBA.
1. Tun koHTakTa. PaznuyaroTcs cienyronme TUIlbl KOHTAKTOB:
® IEOMETPUYECKHIA;

OTHOCHUTEJIBHBIN;

IMOCTOSTHHBIM;

XKECTKOE COCINHEHUE;

pe3p00BOE COeTMHEHUE.
Jlj1 TeOMETPUYECKOT0 KOHTAKTa MOJI0KEHHE KOHTAKTUPYIOIIUX C IOBEPXHOCTBHIO TOUYEK
IIPY aHAJIN3€ BO3SHUKHOBEHMS KOHTAKTA ONPEIEIIAETCS 10 3aJaHHBIM KOOPAUHATAM TOYEK.

s OTHOCHUTENBHOIO KOHTaKTa BEIMYMHA HAa4yaJbHOTO 3a30pa (pacCTOSHHUE OT
MOBEPXHOCTH /10 KOHTAKTHOM TOYKH) 3aJa€TCs B MCXOTHBIX JAHHBIX AJIs 3JeMeHTa. [Ipu stom,
HE3aBUCHMO OT  (PAaKTUYECKOI'O PAcCMONOKEHUsI TOYEK M IIOBEPXHOCTHU II0JIaraercs, 4ro B
MCXOJHOM IIOJIOKEHUU IIPU HYJIEBOM 3a30p€ KOHTAKTHBIE TOYKM HAXOAATCS HAa KOHTAKTHOM
noBepxHoctu. (CxeMa wuaeanu3aluu JUls OTHOCUTEIBHOINO KOHTAaKTa IIpe/ACTaBicHa Ha
puc.3.11.4.1. OTHOCUTEIbHBIN KOHTAKT yJO00€H B Cly4yasX, KOT/la BEJIMUMHBI 3a30pOB (HATSTOB)
MaJibl 10 CPAaBHEHMIO C pa3MepaMH MOJEIH, a TAK)Ke ITPH HEOOXOAUMOCTH BapUaHTHBIX pacu€éToB
C pa3JIM4YHBIMU BEJIMYMHAMHU 3a30pOB B COEIMHEHHUAX, B 3TOM cilyyae M3MEHEHUE BEIMYUH
3a30pOB HE TpeOyeT KOPPEKLMU IOJIOKEHMS Y3JI0B, a CBOAMUTCS TOJBKO K 3aJaHUI0 BEIUYMH
3a30pOB, YTO YNPOILAET PEJAKTUPOBAHNE JAHHBIX.

\ 1
a 5 €

— —

[

Puc.3.11.4.1. geanusauus reomeTpumn ana OTHOCUTENBHOIO NOKaribHOro KOHTaKTa.

a - peanbHOe MOMoXeHne y3noBs B mogenn, 6 — NpUHMMaeMoe NOJSIOKEHME Y3roB npu
KOHTpONe KOHTaKkTa W HyrneBOM 3a3ope, 8 - MpUHMMaemoe MOMoXeHWe Y3roB npu
KOHTpOJIe KOHTaKTa 1 3agaHHOM 3a3ope h.

1 — KOHTaKTHas ToYKa, 2 — NOBEPXHOCTb OTHOCUTESBHOIO NIOKaNIbHOMO KOHTaKTa.

[TocTOSIHHBINM KOHTAKT SIBJIIETCSI PAa3HOBHIHOCTBIO T'€OMETPUYECKOTO, Ui KOTOPOTO
3apaHee W3BECTHO, YTO MOBEPXHOCTH, B CHJIY OCOOCHHOCTEH MOJACIHPYeMOro OOBEKTa,
HAXOJATCS B OCTOSTHHOM KOHTAKTE.
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IIpu sxEcTKOM COEMHEHUH NTEPEMEILIEHUSI KOHTAKTHBIX TOYEK IOJHOCTHIO OIPEEISIFOTCS
IIEPEMEIEHUAMHI TOYEK KOHTAKTHOM MOBEPXHOCTU. DTOT BHUJ JIOKAJIBHOTO KOHTAKTa OIMCBIBAET
HEpa3bEMHOE COEIMHEHME U, TI0 CYILIECTBY, SABISETCS aHAJIOTOM PEAYLUPOBAHHUS Y3II0B.

Pe3p0oBo€ coerHeHue SBIIAETCS Pa3HOBUIHOCTBIO TIOCTOSIHHOI'O KOHTAKTA U yYUTHIBACT
BO3HUKAIOIIEE BCIIEJCTBHE HAKJIOHA TMOBEPXHOCTH BHUTKOB PE3bObI YCHIIME, HAMPABICHHOE II0
HopManu K nosepxHoctu. IlpenHasHaueHo [uisi mpUOIMKEHHOTO MOAEIMPOBAHUSA PE3bOOBBIX
COCMHEHUH, KOrJa XapakTepHble pa3Mepbl (BBICOTa M IIar BHUTKOB) Pe3bObl 3HAYUTEIHHO
MEHbIIe pa3MepoB ndyeMeHTa mnoBepxHocTH (puc.3.11.4.2a). Ilomaraercs, uTo ycuiue
KOHTAKTHOTO B3aMMOJIEHCTBHSA JCHCTBYET MO HOPMalM K IOBEPXHOCTH BUTKOB pe3bObl. B
pe3yJsbTaTe, pacupelesI€éHHas 10 IOBEPXHOCTH CUJAa B3aUMOJEHCTBUS pyy , NECHUCTBYIOILAS B
TUTOCKOCTH TOBEPXHOCTH KOHTAKTa, OY/AET BBI3BIBATH PACHPEACIEHHYIO 10 MOBEPXHOCTH CHITY
Ds, HAIIPaBICHHYIO 110 HOPMalM K IIOBEPXHOCTH M  CTPEMSUIYIOCA  pa3beIUHUTH
KOHTaKTUPYIOLIUE IOBEPXHOCTU. MeXaHn3M BO3HUKHOBEHHS ATON CUJIbI IPOUJUIIOCTPUPOBAH Ha
puc.3.11.4.2.6.  Yrosn HakjOHa MOBEPXHOCTH BUTKOB Pe3bObl MPUHUMAETCSA PaBHBIM 45 rpaj.
JUis oceCUMMETPUYHOM TOBEPXHOCTH IMPU ONPEACICHUU YCUIMS pPacCMaTpUBAETCS TOJBKO
OTHOCHUTEJIBHOE CMELICHHE TIOBEPXHOCTEN B OCEBOM HAIPABICHUHU.

Z

Puc.3.11.4.2. peanusauus pe3bboBOro coegmMHeHns B NIOKanbHOM KOHTaKTe.
a — COOTHOLLEHME pa3MepOB dfieMeHTa 1 Wwara pe3bbbl, 6 — MEXaHN3M BO3HUKHOBEHNSA
HOPMarnbHOW K NOBEPXHOCTU 3fIEMEHTA CUSbl B3aMMOLAENCTBUSA.

2. ®dopMa MOBEPXHOCTH. Takke Kak M I TJIOOAIBHBIX KOHTAKTHBIX TOBEPXHOCTEH
(cm.m.3.11.2), peanuzoBaHbl claeAyIONIHE BUIBI POPM MOBEPXHOCTH JTOKAIBHOTO KOHTAKTA!

® IUIOCKas;

® OCEeCHUMMETpUYHAs;

e cdepuueckas.

Jl71st ocecUMMETPUYHON MTOBEPXHOCTH HEOOXOIUMO BBIJCIIUTH OCEBBIE Y3IIbI.

Cdepurueckas TOBEpXHOCTh 3aAaETCS MyTEM COEIMHEHUS OCEBBIX Y3JI0B 0CECUMMETPUYHON
IMOBEPXHOCTH.

3. [TapameTpsl OTHOCUTENHFHOTO CMEIICHHS MOBEPXHOCTEH B IUIOCKOCTH KOHTAKTA.
Bo3MokHO 3aaHMe CIIEAYIOMINX TapaMeTPOB:
® yjeanbHOE CKONbXKeHHe (0e3 TpeHus);
® [IPOCKANIb3bIBAHUE C TPEHHEeM (CWia TpPEHHUs, MPOIMOPIHUOHATEHA HOPMAaIbHOMY
TABJICHUIO B KOHTAKTE);
® OTCYTCTBHE ITPOCKATb3BIBAHUSI.
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Y4uér Ccuibl TpeHHs pealu3yeTrcs TeM JK€ CIIOCOOOM, 4YTO M JJsl TOBEPXHOCTEH
r06GaTbHOTO KOHTAKTA. Jlis y4éra CHIOBl TPEHMS 3a1aéTca KOO(QQHUIMEHT TPeHHS X,
CBA3BIBAIOIUN HOPMAJIBHOE JABJIICHHE HA IIOBEPXHOCTHU KOHTAaKTa C PACHPEACIEHHBIM I10

MOBEPXHOCTU YCHUJIMEM, NPEHSTCTBYIOIIUM OTHOCUTEIBHOMY CMEIIEHHUIO KOHTAKTHUPYIOIIHNX
MMOBEPXHOCTEH.
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3.11.5. KoHTakTHbIe Tena.

ToOYKH 3JIEMEHTOB ATOMU rpymnmsl 110 yMOJYaHUIO CYHHUTAKOTCA BUPTYAJIbHBIMU, CCJIUM HC
CBs3aHEBI C APYT'UMH 2JIEMCHTaMMU.

3.11.5.1. KoHTaKTHbI# wWap.

KoHTakTHBI 1Iap mpeacTaBiusieT co0Oi 3JIeMEHT CcO CEepUYecKoil KOHTaKTHOMN
IIOBEPXHOCTBIO, MOJI0XKEHUE KOTOPOIrO ONPEAENIAETCS IEPEMEILEHUIMH y31a, PACIIOJI0KEHHOIO B
LEHTpE dJIeMEHTa. DJIEMEHT 00J1a1aeT MacCOW M YIPYTUMH CBOICTBaMHU.

ITpu HENoOCpEeACTBEHHOM ONMCAHMH, IS 3JIEMEHTa 3aJar0TCsl HoMep y3ia i, auamerp D
Macca M, W BO3MOXHBIE BapUAaHTBl KOHTAKTa. OJEMEHT O00eCHeurnBaeT BO3MOXKHOCTh
MOJZIETIMPOBAHUS CIEIYIOIINX CIIy4aeB KOHTAKTA!

- C APYTMMHU KOHTaKTHBIMHU 2JIEMEHTaMU (TIOBEPXHOCTH, LIapbl, POJIUKN);

- ¢ KOHTaKTHBIMH TOYKAMH;

- CO BCEMH Y3JIOBBIMU TOUKAMU;

- JIOKQJIbHBII T€OMETPUYECKHUI KOHTAKT;

- )KECTKas CBSI3b;

- BUPTYaJIbHBIN LIAPHUD.

Kpome Toro, npenBapuTesbHO, B COOTBETCTBYIOIIEH 3alMCH, JUISl DJIEMEHTAa 3a/1aloTcs
MeXaHUYeCKHEe CBOMCTBA MaTepualla — MOLyJIb YIpyroctu u kosddunuent Ilyaccona.

XéctkocTh B MecTe KOHTakTa ompexaensercs ¢opmynaMm [eprma B COOTBETCTBHH C
MOJICJIUPYEMBIM CIIydaeM KOHTaKTa (IIap C Iapom, map ¢ UMIuHIpoM). [Ipu 3TOM KOHTakT ¢
TOYKaMH U [MOBEPXHOCTAMHU PAaCCMAaTPUBAETCS KaK KOHTAKT Il1apa C III0CKOCThIO.

Konumaxm ¢ Opyeumu xonmaxmuvimu snemenmamu. IlpennonaraeT KOHTAKT TOJIBKO C
[IEPEYUCIICHHBIMI TUIIAMH 3JIEMEHTOB. Ilpumep HCIONBb30BaHUS KOHTAaKTa C JPYTUMHU
KOHTaKTHBIMM 2JIEMEHTAMH [UIsl PELICHUS 3aJa4d O COYJAapeHHMH IIapoB, MEPEMEIAIONINXCs Ha
IJIOCKOCTH, pezcTasiieH Ha puc.3.11.5. B ucxonnom nonoxenu (¢ = 0) oAMH U3 MIAPOB UMEET
Ha4aJIbHYI0 CKOPOCTh V.

Ln

=

e B o S

Vv, =1 M/c {’,

L

= ©T=l.

Puc. 3.11.5. TonoxeHnsa KOHTAKTHbIX LLApoB B 3aa4e O MHOXECTBEHHbIX
coyfapeHusX Wapos.

Konmaxm co ecemu ysnosvimu mouxkamu. llpum ykazaHMM 3TOro THUINAa KOHTAaKTa
KOHTaKTHbIE TOYKM KOHTPOJUPYIOTCS aBTOMATHYECKH, TAK KakK SABIAIOTCS IOAMHOXECTBOM
Y3JI0BBIX TOYeK. Vcnonp3oBaHME KOHTAKTa C Y3JIOBBIMM TOYKAMHU I€JIECOOOpa3HO B Cilydasix,
KOI'/Ia 2JIEMEHT HCIOJIb3YETCS KaK pa3pylaroluInil KOHCTPYKIIUIO, WIH, KOTIa MOAYJb YIIPYrOCTH
Marepuraja KOHTAKTUPYIOUICTO C HIApOM 3JICMCHTA KOHCTPYKIWHW 3HAYUTCIbHO HHXKXE MOIYJIIA
YIPYrocTH MaTepuaia 1apa, Uil MpH pa3Mepe DIIEMEHTOB CONPATracMOW MOBEPXHOCTH MEHEe
0.3D. IlpuMepoM MOXKET CIYKUTh MOJENb LIApOBOM OIOPHI, MpeAcTaBieHHas Ha puc.3.11.5.
3nech ppryard 2 U 5, BKIAABIIN 4 U3TOTOBJIEHBI U3 0oJiee MOJATIMBOrO MaTepHaia, YeM Majier
3, CMOH@HHpOBaHHBIﬁ CTCPKHEM W KOHTAKTHBIMU DJJICMCHTAMMU. EC.]'H/I, Kak B 3TOM IIpUMEpPE,
TOYKM KOHTAKTa 3apaHee M3BECTHHI U M3HAYAJIbHO HAXOATCS Ha paccTostHuU He Oonee 0.1D, To
1eJIecO00pa3Hee UCTIOIb30BATh JOKAIbHBI 2eOMEeMPUUECKUL KOHMAKM.



146

r

I!jlli'l'h. II
T
i Rees
\vil\“%‘ﬁt\ml\\\uﬁﬁ\

lll

\

— .

¥

i\
W
L

by

i
4

=77
i
!
|

-

v
i1
i

G,

T

e

,

i S AT I
e

T,

T
e
i

"l'.l.-.

7
[
I

Puc. 3.11.5. MogenupoBaHue wWapoBOWn OMNOpbl C UCMOMNb30BaHNEM KOHTaKTHbIX
9NIEMEHTOB: @ — pacyéTHasa cxema; 6 — KOHEYHO-3reMeHTHas Mogenb.1 - ranka,
2 -pblyar, 3 - naneu, 4 - BknNagbiwn, 5 - pblyar , 6 - CTOMNOPHOE KONbLO, 7 -
Kpblwka, 8 — KO koHTakTHOe Konbuo, 9 — 06béMHble KO, 10 — KO KOHTaKTHbIN
KoHyc, 11 — KO cTtepxeHb, 12 — KO KOHTaKTHbIN wap.

Kécmras ceaszp. Ilpennonaraer >kECTKOE COEIMHEHHME Y3JI0B, HaXOASAILIMXCS B
KOHTPOJHPYyEeMOM 00BEMeE, T.€. PacIoioKeHHBIE Ha paccTossHuU He 6osee 0.5D ot y3na i.
[Ipumep ncnonabp30BaHUs JIEMEHTA B 3TOM peKuMe IpeacTasieH Ha Puc. 3.11.6.

6)

5 2

Puc. 3.11.6. MogenupoBaHue coefuHEHUS CTOMKM CTennaxa C naHenblo. a —
obwmn Buag B pexmme oBBHLEMHOrO oTobpaxeHusi ctepxHen, 6 — pacyéTHas
cxeMa. 1 — KOHTaKTHbIM LWwap, 2 —CTepXHW, 3 — NNacTUHbl, Mogenupylolme
NOSKy, 4 — y3es, B KOTOPOM pacrnofoXeH LEeHTp wapa, 5 — ceasbiBaeMble y3nbl.
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Bupmyanenvui  wapnup. HaknaneiBaeT Ha BCe  y37bl, HaxOISAIIUXCS B
KOHTPOJIMPYEMOM 00bEME, KHHEMAaTUYECKOE YCIOBUE BUAA ¥ = const, TJE ¥ - paguyc y3ia
OTHOCUTENIbHO LieHTpa mapa (y3na i). [Ipu 3TomM Bce 3axBaueHHBIE Y3JIbl BpalllatoTCs
BOKPYT LIEHTpa L1apa.

[Ipumep ucnosb30BaHUs MJIEMEHTA B 3TOM PEXXUME MpeJicTaBieH Ha puc.3.11.7.

3 1 3
a) 5)

Puc. 3.11.7. MogennpoBaHvne LWapHUPHOrO COEAMHEHUA TArM KPUBOLUMMHOIO
MexaHn3Ma c nanbuem. 1 - KOHTaKTHbIW Wwap, 2 -tara, 3 - naneu, 4 — MaxoBUK.

YI[O6CTBOM HCIIOJIb30BaHUA 3JIEMCHTA B PCKUMAX JKECTKOM CBS3H U BUPTYAJIIbHOT'O HIaApHUPA
ABJIICTCS OTCYTCTBUU H€O6XOI[I/IMOCTI/I HGHOCpG}ICTBGHHOﬁ CBs3H1 Y3JIOB, YTO IIO3BOJIACT HC3aBUCHUMO

peOaKTUPOBATh U 3aMEHSTh COCIMHIEMbIE YACTH MOJIEIIH.
Ha cxemax map, oToOpaxaromuid 3JEMEHT, UMEET JUIsi KOHTAKTa -3€JEHBIA IBET, A

KECTKOTO COEIMHEHMS - KOPUUHEBBIH, a JJI1 BUPTYaIbHOT'O IIAPHUPA - OUPIO30BBIi.
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3.11.5.2. KOHTaKTHbIN PONMUK.

KOHTaKTHBIM pONMK MpeacTaBisieT cOO0OW AJIEMEHT ¢ NIMIMHAPHUYECKOW KOHTAKTHOU
MOBEPXHOCTBIO, TIOJIO)KEHUE KOTOPOTrO OINpENeNsieTcsd MEepEeMEIICHUsIMU Yy3JI0B [ U J,
PAaCIIOIOKEHHBIX Ha OCH 3JIEMEHTA U OTPaHUYUBAIOIIMX ero JuiuHy (puc.3.11.5).

OnemMeHT o0yajaeT Maccod W yNpyrMMU CBOMCTBaMHU B oOyiacTé KoHTakTa. OcymiecTBisercs
CBsI3b Y3JIOB 1 U | aHAJIOTHYHASI CTEPKHEBOMY JIEMEHTY C 12-10 CTETIeHSIMH CBOOO/IBI.

DnemMeHT 00ecredyrBaeT BO3MOXXHOCTh MOJICTTUPOBAHUS CIICAYIONIIUX CIy4yaeB KOHTAKTA!

- C APYTMMH KOHTAaKTHBIMU 3JIEMEHTaMU (IIOBEPXHOCTH, 1IAPbI, POJIUKH);

- C KOHTAKTHBIMU TOYKAMH;

- C Y3JIOBBIMH TOUYKaMHU.

- JIOKQJIbHBIM T€OMETPUUYECKUN KOHTAKT;

- ’KECTKasl CBS3b;

- BUPTYaJIbHBII LIAPHUP.

B pexumax KOHTakTa C TOYKaMH UM JJIEMEHTAaMU KOHTPOJIMPYETCS  TOJIBKO
UUJIUHAPUYECKAs! IOBEPXHOCTb.

OnemeHT 007a7aeT BUPTYAIbHBIMU CBOWCTBAMHU: €r0 Y3JIbl KECTKO COEAMHSIOTCS C
pEOpamu U rpaHIMHU JIEMEHTOB, HAXOAAIUMHUCS Ha pacctosiuuu Meree 0,025 ero nuamerpa D.

Pexxum otoOpaskeHus: snemMeHTa (0OBEMHBIN, MPO3PAYHBIi) YCTAaHABIUBACTCS TEMH K€
KOMaHJIaMH, YTO U JUIsl CTEPKHEBBIX 3JIEMEHTOB.

6) j 1

a) o

-

Puc. 3.11.8. KOHTaKTHbIN POSINK. Cxema 3nemeHTa:
a — obwwmn Bng, 6 — BUpPTYyaribHbIN KOHTAKT y3ra anemMeHTa B Buge
KECTKOM CBA3M y3na i ¢ rpaHbto kimn o6bémHoro KO.

[Ipu HenocpeCTBEHHOM OMMCAHUU, JJISl DJIEMEHTA 33/1al0TCsl HOMEpA Y3JI0B i U j,
nuametp D , macca M, 1 BO3MOKHbIE BapUaHThl KOHTaKTa. KOHTpoaupyeTcs TONbKO
MATUHAPUYECKasi TOBEPXHOCTb.

Kpome Ttoro, npensaputenbHO, B COOTBETCTBYIOLIEH 3alUCH, UL DJIIEMEHTA 3aJ1al0TCsl
MeXaHMYEeCKHe CBOMCTBA MaTepHala — MOyJb yIpyroctu u ko duuuent Ilyaccona.

JlnrHa 31eMeHTa onpeeNseTcs MOJI0KEHUEM Y3JI0B I U j.

KécTtkocTh B MeCTE€ KOHTAKTa C JAPYTUMH KOHTAaKTHBIMH DJIEMEHTAMH OTPEIEISIETCS 110
dopmynam I'epiia B COOTBETCTBUU C MOJICIUPYEMbBIM CITydaeM KOHTAKTa.

KoHTakT ¢ Toukamu paccMaTpuBaeTcs Kak KOHTAKT IIWIMHJPA C TIIOCKOCTHIO. [Ipr aToM
yCIIOBHAS JUIMHA IIWIMHApAa TPUHUMAETCS pPaBHOW pa3Mepy KOHEYHBIX JIIEMEHTOB,
CTBHIKYIOITUXCS B y3JI€.

[Ipu ykazaHuu BO3MOXHOCTH KOHTaKTa CO BCEMHU Y3JIOBBIMH TOUYKAMH KOHTAaKTHBIE TOUKHU
KOHTPOJIUPYIOTCSI aBTOMATHYECKH, TaK KaK SBJISIFOTCS TTOJAMHOKECTBOM Y3JIOBBIX TOUYEK.
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Konumaxm ¢ Opyeumu xonmaxmuvimu snemenmamu. llpennonaraeT KOHTAKT TOJIBKO C
MIOBEPXHOCTSAMH, ILIApaMU U POITUKAMHU.

Koumaxm co ecemu y3nosvimu mouxkamu. llpu yKazaHUM 3TOTO THIIA KOHTAaKTa
KOHTAKTHbIE TOYKM KOHTPOJIMPYIOTCSI aBTOMATUYECKM, TAK KakK SBIAIOTCS MOAMHOKECTBOM
Y3JIOBBIX TOYEK. Vcroip30BaHME KOHTAKTa C Y3JIOBBIMH TOYKAMHU I€JIECOOOpa3HO B CIIydasix,
KOI'JJa KOHTaKTHbIE TOYKU 3apaHee HEM3BECTHBI WIM UX KOJUYECTBO BeluKo. [IpumepoM mMoxer
CITY’)KUTH UCIIOJIb30BaHUE SJIEMEHTA JIJIsl pa3pyIIeHUs] KOHCTPYKIIHH.

Ecny Toukn KOHTaKTa 3apaHee M3BECTHbl M M3HAYaJbHO HAXOJATCS HA PAcCTOSHUU HE
6onee 0.1D OT TOBEPXHOCTH LMIMHAPA, TO IeJIecooOpa3Hee WCIOIb30BATh JIOKAIbHBII
2eomempudeckuil KOHMaKm.

Kécmraa ceasv. llpennonaraer XECTKOE COCIMHEHHME Y3JI0B, HAaXOIALIMXCS B
KOHTPOJMPYEMOM 00bEME, T.€. PACIOJIOKEHHbIE HAa paccTOsIHUU He Oosee 0.5D oT mOBEPXHOCTH
mapa.

Bupmyanvnoui wapnup. HaknaasiBaeT Ha BCe y3JIbl, HAXOIAIMMXCA B KOHTPOJIUPYEMOM
00bEéMe, KHHEMAaTHYEeCKOEe YCIOBHE BUAA r = const, TAe r - paanyc y3jia OTHOCHUTEIHHO OCH
3JIEMEHTa, IPOXOAsIIEH uepe3 y3ibl i U j. [Ipu 3TOM Bce 3aXBayeHHbIE Y3JIbl BPAILIAIOTCS BOKPYT
LEHTpa OCH.

[TprMmep UCTIONIB30BaHUS JIEMEHTA B PEKUME JKECTKON CBSI3U U BUPTYAIbHOT'O LIapHHUpA
npenacrasieH Ha puc.3.11.9.

a) 6)

-3
Y
k—l”z
e—4
X\\lt/z

Puc. 3.11.9. MogenupoBaHMe MaxoBMKa W MNOALMMAHUKA KPUBOLLUUMHOIO
MexaHnamMa C nanbuem: a — odbwmn Buag B pexmme oObEMHOro oTobpaxeHus
cTepxHen, 6 — pacyétHas cxema. 1 — MaxoBuK (KECTkas CBs3b), 2 —onopa

(BUPTYyanbHbIA NOAWMWMMHUK), 3 — Yy3nbl CBA3aHHbIE 37IEMEHTOM B peXume
KECTKOM CBA3WU, 4 — y3Mbl CBSI3aHHblE 3MIEMEHTOM B peXume BUPTYarbHOro
MOALUMMNHMKA.

y,[[O6CTBOM HCIIOJIb30BAHUA 3JIEMCHTA B PCIKUMAX JKECTKOU CBSI3U U BUPTYAJIbHOTO IIapHUpa
ABJIICTCSA OTCYTCTBUU HCO6XO}II/IMOCTI/I HeHOCpe)ICTBeHHOﬁ CBs3H1 Y3JIOB, UTO IIO3BOJIACT HE3AaBUCHUMO

PEAAKTUPOBATH U 3aMCHATb COCAUHACMBIC YaCTU MOJCIIN.

Ha cxemax map, oroOpakalomuii 3JIEMEHT, UMEET JJIi KOHTaKTa 3€JIEHBIA IBET, IS

KECTKOTO COETMHEHUS - KOPUUHEBBIH, a 111 BUPTYAIbHOTO IIAPHUPA - OUPIO30BBIi.
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3.11.5.4. KOHTaKTHbIN KOHYC.

KOHTaKkTHBI KOHYC TMpEACTaBIsAET COOOM AJIEMEHT ¢ KOHHUYECKOH KOHTAKTHOM
MOBEPXHOCTHIO, TOJOKEHUE KOTOPOTO OIpeAeNsaeTcsl MEPeMeIICHUsIMU y3JI0B I U j
PaCIOJIOKEHHBIX Ha OCH 3JIEMEHTA U OTpaHUYUBAOIIKX ero JuiuHy (puc.3.10.6).

DneMeHT o0aaeT ynpyruMu CBOMCTBAMHU B 00JIacTH KOHTakTa. CBS3b y3JI0B i U j HE
OCYIIECTBISACTCS. DTH (PYHKIIMH BO3JIAralOTCs HA JPYTUE DJIEMEHTHI, BXOISAIINE B MOJIEIIb.

Dy
Puc. 3.11.10. KOHTaKTHbIN KOHYC.

¥
J L=

[Ipn HemocpenCTBEHHOM OIMCAaHUM, AJI 3JIEMEHTa 3a/lalTcs HOMEpa Y3JI0B i U j,
muaMmerpsl D uw Dz , U BO3MOXHBIE BapHaHThl KOHTakTa. KOHTpoiupyercss TONbKO
IMHAPUYECKAs TIOBEPXHOCTh. DIEMEHT 00ECTIeYMBAET BO3MOKHOCTh MOJACTHPOBAHUS TOJIBKO
CJICAYIOLIMX CITy4aeB KOHTAKTa:

- C KOHTaKTHBIMHM TOYKaMH;

- C Y3JIOBBIMH TOYKaMH.

Peanu3zoBanbl 1Ba BapuaHTa pacloIOXKEHUS TOUEK KOHTPOJIUPYEMOW 00JIacTh CHapyKu
MOBEPXHOCTU ¥ BHYTPH IMOBEPXHOCTH.

[IpenBapuTenbHO, B COOTBETCTBYIOLIEH 3alUCH, JUISl 3JIEMEHTa 3a/1al0TCSl MEXaHUYECKHE
CBOMCTBa MaTepuana — MOyJib YIpyroctu u koa¢p¢unuent Ilyaccona.

JlivHa 35ieMeHTa OnpeaeseTcs TEKYIUM MOJI0KEHUEM Y3JI0B i U j .

KoHTakT ¢ ToukamMy paccMaTpUBAETCsl KaK KOHTAKT LIMJIMHApPA ¢ INIOCKOCThIO. [Ipu aTOM
yCIIOBHAs JUIMHA IIWIMHApPAa T[PUHUMAETCS paBHOW pa3Mepy KOHEYHBIX 3JIEMEHTOB,
CTBIKyIOIIUXCS B y3ie. IIpu ykazaHuM BO3MOKHOCTH KOHTAaKTa CO BCEMM Y3JIOBBIMH TOYKaMH
KOHTaKTHBIE TOYKHM KOHTPOJHUPYIOTCS aBTOMAaTUYECKH, TaK KakK SBISAIOTCA IOJAMHOXECTBOM
Y3JI0BBIX TOYEK.
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3.11.5.4. KOHTaKTHOE KOnbLO.

KoHTakTHOE KOJIBLIO HpPEJACTaBIsSIET COOOW 3JIEMEHT C IUIOCKOM KOHTaKTHOM
MIOBEPXHOCThIO, HOPMAJIBHOW K OCH 3JIEMEHTA, NPOXOJAIIEH Yepe3 y3/bl I U j . TOJO0XKEHUE
KOTOpPOT'O ONPENEIIAETCs MEPEMEIIECHUIMU Y3JI0B @ U j , PACIIOJIOKEHHBIX Ha OCH JIEMEHTA U
orpannuuBaromux ero LHy (puc.3.11.11). [ToBepXxHOCTh KOHTaKTa OTpaHWYEHA BHYTPEHHUM
D; u HapyxHbIM D> nuamerpamu. Takum o0pa3oM, KOHTpoJupyemas O00JIaCThb OrpaHHUYeHa
IJIOCKOCTSIMU, HOPMAJIBHBIMU OCH 3JIEMEHTA U MPOXOASAIIMMU Yepe3 Y3JIbl i U j U AUAMETPAMHU
D; u D;. Tlonaraercsi, 4T0 y3Jbl, TIOMABIINE B KOHTPOJIUPYEMYIO 001aCTh, BCTYHAIOT B KOHTAKT
C DJIEMEHTOM U BBIPABHHMBAIOTCS B KOHTAaKTHOW IJIOCKOCTH, HOPMAJbHOM OCH M MPOXOIAIIEH
yepes y3en i .

Ha rpaduueckux cxemax nzoOpaxaercs AByMsi OKPY>KHOCTSIMHU ¢ Auamerpamu D; u D:,
JIEKALMMU B TUIOCKOCTH BBIPAaBHUBAHUS U LEHTPOM B Y3JI€ i, ¥ MIPSIMBIMH, [1apaJlJIEIbHBIMU OCH
Y PaBHBIMU 110 JUIMHE KOHTPOIUPYEMO 00JIacTH.

Puc. 3.11.11. KoHTakTHOE KOnnbLO:
a - cxema anemeHTa; 6 - nsobpaxeHue Ha rpadoMyYecKknx cxemax.
1 —NOBEPXHOCTb KOHTaKTa; 2 - KOHTpoNupyemasi obnacTb.

DneMeHT o0nafaeT ynpyruMu CBOMCTBaAMHU B 00JacTH KoHTakTa. CBsA3b Y3JIOB i U j HE
OCYILIECTBISAETCS. DTU (QYHKIIUU BO3JIAraloOTCs Ha APYTHe JIEMEHTHI, BXOJAIINE B MOJIENb.

[Ipy HemocpeICTBEHHOM OIMCAHUM, JJS JJIEMEHTa 3a/aloTCsi HOMeEpa y3JI0B i U J,
nuaMeTpsbl Dy u D2, 1 BO3MOXKHBIE BADHAHTBI KOHTAKTA.

OnemMeHT o0ecneuyrBaeT BO3MOXKHOCTb MOJEIHMPOBAHMSI TOJBKO CJENYIOIIMX CIy4aeB
KOHTAaKTa:

- C KOHTaKTHBIMH TOYKaMMU,

- C Y3JIOBBIMHM TOUYKaMH.

[IpenBapuTenbHO, B COOTBETCTBYIOIICH 3amucH, ISl JIEMEHTa, MPH HEOOXOIMMOCTH,
3aJjal0TCs MEXaHNYeCKHUEe CBOMCTBA MaTepuasia — MOJLyJIb YIpYroctu u kodguiment [lyaccona.

JnuHa s5eMeHTa onpenenseTcs TEKYIUM ITOJIOKEHUEM Y3JI0B [ U j .
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3.11.5.5. OcecuMMeTPNYHbIN KOHTAKTHbIN KOHTYP.

OcecuMMETpUYHBI KOHTAKTHBIM KOHTYp TMPEACTaBIACT COOOH KOHTAaKTHBIA 3JIEMEHT,
IIOBEPXHOCTh KOTOPOTrO CHUMMETpPHYHA OTHOCHTEIBHO OCH, a oOpa3yrolas OIMChIBAeTCA
oTpe3kamu  mnpsmbIx. IIpenHasHaueH Uil omMCaHMsI  B3aUMOJCHCTBHS  CIIOYKHBIX
OCECHMMETPUYHBIX IIOBEPXHOCTEH € KOHTAaKTHBIMM HIapaMu W Toukamu. [Ipumep
UCTIONB30BaHUsl dJeMeHTa mpencrasien Ha puc.3.11.5.5.1. IloBepxnocts ¢ukcatopa [
B3aMMOJCHCTBYET C IOANPYKUHEHHBIMH UIApUKAMH 2, KOTOpBIE, BCJICACTBHE HAKJIOHA
MIOBEPXHOCTHU K OCH, CO3AI0T YCHIIUE, MPEMSATCTBYIONIEE CMEIICHUIO (PHKCATOpa B HANIPABIICHUH

€ro IBHXXCHUA.

t=0.00875

t=0,03825

Puc. 3.11.5.5.1. MNpumep NCNOMb30BaHUS KOHTAKTHOrO KOHTypa. a — UCXOAHOe
NONOXeHne 3reMeHToB, 6 U 8 — MNOSIOXKEHME ONEMEHTOB a pPasfiMyHble MOMEHTbI
BpeMEHWU. T — KOHTAKTHbIN KOHTYP, 2 — KOHTaKTHbIM wap, 3 — NpyxuHa.

Cxema anemeHTa npencrasieHa Ha puc.3.11.5.5.2a. Ilepememienne u paBHOBecue
9JIEMEHTA OTIPEACIISASTCS TIEPBBIM Y3JIOM i . DTOT y3€J HMEET IIeCTh CTEIICHEeH CBOOOIBI M HEM
HaXOJIUTCs Ha4yaJIo JIOKAIbHOM CUCTeMbI KOOpAMHAT. BTopoill y3en j opueHTupyer och
CUMMETpPHH dIEMEHTa, coBnaaaronlyio ¢ ocbio ox JICK anemenrta. OctanbHbIe TOYKH
OIKCBIBAIOT 00PA3YIOILYIO TOBEPXHOCTH 3eMeHTa. IIpr 3TOM HCKITIOUUTENIBHO BaXKeH MOPSA0K
HyMEpaluu: B3&I/IMO)ICI71CTBYIOHII/IG C 3JICMCHTOM HIapbl U TOYKH OOJIKHBI HAXOAUTHCA CJICBA OT
yuyacTka obpasyromieil no HampasieHuo 06xoaa. [Ipu 3Tom och a1eMeHTa 10KHA ObITH
HarpaBJieHa CJIeBa HAINIPaBO, a TOYKH 00pa3yomeil HAXOAUTHCS BBIIIE OCH.

a) 3 E
Y :

o

i

Puc. 3.11.5.5.2. Pac4éTHble cxeMbl afieMeHTa: a — NopsigoK Hymepaumn y3nos, 6
— K BOMNPOCY YY4€Ta TPEHUs, 8 — B3aUMOLENCTBME dfIEMEHTA C TOYKaMW.

DNeMeHT y4uThIBaeT TpeHHE B KOHTakTax. CHIIbI TPEHHs ONpPENENSIFOTCS BBIpAXKEHHUEM
Smp = kmpFn , THE  kimp U Fn - x03QUIIMEHT TpeHHs W HOpPMaibHas CHJa B KOHTAKTe
COOTBETCTBEHHO.
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Crnenyer yduThIBaTh, 4YTO NPU TPOCTPAHCTBEHHOM JIBWXKCHHM 3JEMEHT TpeOyeT

coeguHenus ¢ apyrumu KO.

IIpu onvcanum, 1S JIEMEHTA 3a0aK0TCA:

1. Howmepa y3noB i, j, ki,...kn (n HE MeHEE 4-X).

2. TI'myOuna xOHTpOJsS TOo4YeK A. TOUKM W maphl, HAXOAAIIMECs ITy0Ke i OTHOCUTENHHO
oOpasyrolieid He KOHTPOJIMPYIOTCSA. DTO HEOOXOAMMO ISl 3aMKHYTBIX M CIIOXKHBIX
KOHTYPOB. M  BO3MOJKHbIE BapuaHThl KOHTakTa. KoOHTpoiaupyeTcss TOJBKO
LWIMHAPUYECKasi IOBEPXHOCTb.

3. KoHTakTHOCTH 3J€MEHTA. DJIEMEHT O00ECIEYMBAET BO3MOXHOCTb MOJEIMPOBAHUS
TOJILKO CJIEIYIOLIUX CIy4aeB KOHTAKTa!

- C KOHTAKTHBIMHU TOYKAaMU U IIapaMH;

- CO BCEMH Y3JI0BBIMU TOYKAMH U HIApaMH.

ITpu yka3aHuM BO3MOXHOCTH KOHTAKTa CO BCEMHU y3JIOBBIMU TOUKAMU KOHTAKTHBIE TOUKH

KOHTPOJIMPYIOTCS aBTOMAaTHUECKH, TaK KaK ABJISIOTCS ITOJMHOKECTBOM Y3JIOBBIX TOYEK.
PaccmaTtpuBaroTcsi TOJNBKO IIApbl, OMMCAHUE KOTOPHIX (3alUCh) HAXOAUTCSA IeEpen
OIHMCaHUEM KOHTYpa.

[IpenBapuTenbHO, B COOTBETCTBYIOLIEH 3alUCH, ISl SJIEMEHTA 33/1al0TCSI MEXaHUYECKHE
CBOMCTBa MaTepuasa — MOJyJIb YIpyroctu u koapdunuent Ilyaccona.

OneMeHT BBOAMUTCA MHTepnperanueil npuMutuBoB. [lpu  ommboyHOM  BBOJE
HalpaBJICHUE MOXKHO IOMEHATh Ha IPOTUBOIIOJIOKHOE KOMAaHI0M M3MEHEHUs HalpaBJeHUs
CTEPKHEBBIX 3JIEMEHTOB.
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3.11.6. dukcarop.

DneMeHT CBsI3aH C OJHUM Y3JIOM M TMpEeJHA3HA4YEH Ui MOJEIMPOBAHUS OTrpaHUUYCHUN

NepeMenIeHUI U MOBOPOTOB. XapaKTepU3yeTcs CAeAYIOUMMH apaMeTpaMu.

1.

2.

(O8]

Homep y3ma m HampaBiieHHE nepeMellieHMs (MM yria IoBOpOTa), JUIsi KOTOPOro 3aaaércs
OTrpaHHYECHUE.
[TpuBenenHas xEcTkocTh k . MOXET TMHENHO 3aBUCETh OT NIEPEMELLICHUS.

k=ko+ ki O,
rae Q - mepeMmelleHue, Ha KOTOpOM JEeHCTByeT orpanuuyeHue, k, u ki -3amaBaemble
KO3 PHUITUEHTBI

. IIpenBaputensHoe nogxatue Po.

MakcuManbHOE M MHHHMAIBHOE JOIYCKacMble IIEPEMEUICHMs. 3IeCh KaXxAoe U3
nepeMeneHnii 3a1aéTcsi IByMs 3HAYEHUSIMH - TIOPOroM cpadaTbiBaHus A U (PUKCHPYEMBbIM
3HauenueM F. Ilpu stoMm, eciiu 4 = F, TO orpaHMYEHUE CUATAETCS HEyAepKuBaromwum. s
peanu3anuy BapuaHTa, KOTAA IOCIE JOCTHXKEHHA IOpora cpadaTbiBaHMs IE€pPEMEIICHUE
bukcupyercsi, MakCuMaJIbHOE (PUKCUPYyEeMOe 3Hau€HHE JOJKHO ObITh 33JJaHO OOJIBLIMM, YeM
MaKCHMaJbHBIN MTOPOT cpabaThIBaHUs, © HA0OOPOT, MOPOTr cpadaThIBaHMs /1711 MUHUMAJIBHOTO
nepeMeleH s JOJDKEH ObITh 00JIblle PUKCUPYEMOTo 3HAYECHHUS.

CymMmapHas peaknus dyieMeHTa R 10 GUKcaluy onpeeNseTcs: BRIpaKeHHEM

R=Pg'kQ.

Ha cxemax siaemMeHT OTO6pa)KaCTC5I OKPY’KHOCTBIO CUHCTO I[BETA.
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3.12. CTepXHU C UI3MEHAEeMOWN reomeTpuen

3.12.1. CTepxeHb C U3MEHSAEMOWN ANTUHOMN
DOneMeHT mpelHa3HayeH Ui ONMCAHUS DJIEMEHTOB MEXaHHM3MOB, IPEICTABIIAEMBbIX B
BHJIE CTEPXKHEH, UTMHA KOTOPBIX U3MEHSETCS MO ICHCTBUEM BHEIIHUX BO3MYIICHUN. DIIEMEHT
npeactaBieH Ha puc. 3.12.1. CBs3piBaeT TpW y3j0BbIE TOYKU i, j, k. JIBe Toukm -i u j
pacToyoKEeHbl B MECTaX €ro COCIUHEHHS C JJIEMEHTAaMH B OOIIeH MOJENH TakkKe Kak u
OOBIYHOTO CTEp)KHS, TPEThsl TOYKA - k HMEET OJIHYy CTeNeHb CBOOOIBI (0OOOIICHHYIO
KOOpJWHATY), KOTOpas YCIOBHO TMPHUHATA Kak IMepeMmenieHue B HampaBieHuun ocu OX
rJ100ambHOM CUCTEMBbl KOOPJIMHAT U €€ IepeMEelIeHHE COOTBETCTBYET W3MEHEHUIO JJIUHBI
cTepxkHs. Bce rpaHWYHBIE YCIOBHS B ITOW TOYKE U COCAMHECHHSI C JIPYTHMMH JJIEMEHTaMHU
3amatorcs B HampaeieHMHM ocu OX. DneMeHT HaKJIaJbIBaeT Ha CBA3BIBAEMBIE UM  Y3JIbl
KHHEMAaTUYECKYIO CBSI3b BUJA
g —q"

LX LX

=,
i

(8

rIe

T A ..
9y 9y -9y . HepeMENIEHUs B y3/1aX [, ] k COOTBETCTBEHHO B HAIPaBJIEHHH OCH OX

JIOKaJIbHOM CUCTEMBI KOOPAMHAT DJIEMEHTA.
[Tpu 3TOM U151 Citydast OTCYTCTBHS Je(OpPMALIii B 3JIEMEHTE CIIPABEUINBO BHIPAKCHHE

L =L,+q -TeKyIlas JUIMHA CTEPIKHS,

Ly - nnuHa cTepKHS B HCXOJHOM IOJIOXKEHUN

Ha puc. 3.12.1a snemeHT npeacTaBiieH B €ro JIOKAJIbHONH CUCTEME KOOpPIMHAT, Ha PHC.
3.12.16 mpencTaBieHO €ro M300paKCHHWE HAa CXeMe. DIEMEHT M300pakaeTcs NpsSIMO JTHHHUEH
3€JIEHOTO0 LBETa, COCAMHSIOUNIEW y3Ibl [ WU J. CepenuHa n3yeMeHTa o0o3HaueHa
MPSIMOYTOJIBHUKOM, OT KOTOPOIO MpoBeAeHa mpsMas K y31y j. OCHOBHBIM Ha3HauY€HUEM
3JIEMEHTa SBJISIETCSl 0OecledeHrne BO3MOKHOCTH Nepexo/ia 0T OJJHOMEPHBIX MOJeNeil MpUBOOB
K TpOCTpaHCTBeHHOM KoHCcTpykuuu. Ha puc. 3.12.12 u O mnpeacraBieHbl NpUMEPHI
UCIIOJIb30BAaHUsl DJIEMEHTA B COYETAHMM C OJHOMEPHBIMM DJIEMEHTAMM JJIs MOJAEIMPOBAHUS
aMOpTH3aTOpa M BUHTOBOTO MOJBEMHOIO MEXaHHW3Ma COOTBETCTBEHHO. JlJIi MoJeIupoBaHUS
amopTu3aropa K y3ly k 3JeMeHTa HEeOOXOJUMO NPUCOEIUHMUTH 3JIEMEHT T'HJIPABIUYECKUN
nemrndep, Ui KOTOPOTO yKa3blBaeTCs B KaUeCTBE CTENEHU CBOOOJBI MEpPEMENIEHHE 10 OCH OX.
Jlnist MOJIeIMpOBaHUsl BUHTOBOTO MOJBEMHOTO MEXaHM3Ma K Y311y k 3JIeMeHTa MPUCOEAUHSACTCS
2JIEMEHT MEXaHW4YecKasl Iepenada, A KOTOPOro B KauecTBE CTENEHU CBOOOJBI Ha BXOJE
YKa3bIBa€TCsl IOBOPOT BOKPYr TOW K€ OCH, 4YTO MW U1 TPUCOESAUHEHHOIO Jajee
AJIEKTPO/IBUraTENsl, @ Ha BBIXOJIE - epeMenieHne Ba1osb ocu OX.

OOBIYHO MEXaHU3MbI MOJOOHOTO THUMA HMMEIT B KOHCTPYKIMM TOJBM)KHBIE YacTH
BBITSIHYTOM (DOpMBI, MEpeMeaoluecs] Ipyr OTHOCUTENbHO JApyra (IITOK, IWIMHAP U T.1.).
IloaToMy npM BBIYMCIECHUHM MHEPLMOHHBIX XapaKTEPUCTHK I1OJIAraeTcsl, YTO K y3J1aM JJIEMEHTa
MIPUCOEANHEHBI a0COIOTHO KECTKUE CTEP>KHU MOCTOSHHOTO ce4eHHsl (T.€. UX Macca CUMTAeTCs
PaBHOMEPHO paclpeesieHHON 1Mo JUIMHE) ¢ JUIMHaMu Li ¥ Lj , u umeromue maccel Mi  u Mj
COOTBETCTBEHHO.

Ecnu B Habope NaHHBIX HEMOCPEICTBEHHO IEpe]l 3alUChi0, OMHMCHIBAIOIIEH 3JIEMEHT
JAHHOTO THIA, PACIOJIOKEHA 3alUCh T€OMETPUUYECKUX XapaKTePUCTHK CEYEHHH CTep)KHEeH, TO
LITOK pPAaccMaTpUBAaeTCs KaK CTEP)KEHb C yKa3aHHbIM B 3TOM 3amucu ceueHueMm. CBoiicTBa
MaTepuasa Takke Ha3Ha4yaroTCsl U3 MpPEeIIeCTBYIOUIECH 3amicu co CBOMCTBaMU MaTepuaia, WiH,
[0 YMOJYaHHIO, NPUHHUMAIOTCA CBOMCTBAa CTaJd. B Jpyrux ciydasx >3JIEMEHT CUMTAeTCs
a0COJIIOTHO KECTKUM.

Toukn sneMeHTa NO YMOJIYAHMIO CYMTAIOTCS BUPTYAJbHBIMH, €CJIIM HE CBS3aHBI C
JIPYTUMH 3JIEMEHTaMHU.
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i)

al _ q.x

f)

Puc. 3.12.1. BnemeHT C M3MeHAeMOW ONIMHOW. a - 3NeMeHT B JoKanbHOMN
cucTeMe KoopauHat;, 6 -n3obpaxeHwe anemMeHTa Ha CXeMe; 8 - K Bomnpocy
onpegeneHns UHEepPUMOHHbIX XapakTepUCTUK, & WU O - BapuaHTbl UCMONb30BaHMUS
anemeHTa.
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3.12.2. CTepeHb C OTHOCUTENIbHLIM MOBOPOTOM Y3110B

DOneMEeHT IpeJHa3HayeH Il ONHCAHUS DIIEMEHTOB MEXAaHM3MOB, IPEICTABIIAEMBIX B
BU/JIE CTEPXKHEH, CBSI3bIBAIONINX J[BA y3J1a, CEYCHHsI KOTOPBIX B y3JIaX i U j OBOPAYUBAIOTCS APYT
OTHOCHUTEIIBHO JIpyra Ha YTOJI, OlpeneNseMblii 0000UIEHHON KOOPAMHATOW B TPEThEM Y3 j.
DneMeHT TpeacTaBieH Ha puc. 3.12.2. CBsa3pIBaeT TPHU y3JIOBBIC TOYKH i, j, k. JIBE TOUKH -i U j
pacroyio’keHbl B MECTaX €ro COCIUHEHUS C JJIEMEHTaMH B OOILIeH MOJENN TakkKe Kak H
OOBIYHOTO CTEp)KHS, TPEThsl TOYKA - k HMEET OJIHYy CTeNeHb CBOOOIBI (0OOOIICHHYIO
KOOpJMHATY), KOTOpas YCJIOBHO IpUHATAa Kak YIVIOBOE IepeMmelieHue BOKpyr ocu OX
rJ100anpHOM cucTeMbl KoopauHaT. Hauano jgokanbHOM CHCTEMbl KOOPAMHAT AJIEMEHTA JICKUT B
y3JI€e i , OCb OX TPOXOmuT dYepe3 y3zen j. llepemernienue mo 00OOIEHHOW KOOpAMHATE
COOTBETCTBYET MOBOPOTY BOKPYI OCHU OX JIOKaJbHOM CHUCTEMBI KOOPJIMHAT 3JIEMEHTAa CEUeHUs
CTEPXHS B y3JI€ j OTHOCUTEJIBHO CEUEHUS B y3J€ i. DJIEMEHT HAKJIaJbIBAET HA CBA3BIBAEMbIE UM
MepeMelIeHIs] KHHEMaTHUeCKYIO CBS3b BH/Ia

w —wl =w

x X,

rae
W @ p® o

x 2 a2 Wy - YTJIOBbIE IIEPEMEIIEHHUSI B y371aX i, j, k COOTBETCTBEHHO BOKpYT
OCH 0X JIOKaJIbHOM CHUCTEMBI KOOPJIAMHAT 3JIEMEHTA.

Ha puc. 3.12.2a snemeHT npeacTaBlieH B €ro JIOKAJIbHONH CHUCTEME KOOPIMHAT, Ha PHUC.
3.12.16 mpencraBieHO €ro M300paKCHHWE HAa cCXeMe. DIEMEHT M300pakaeTcs NpsSMO JHHHUEH
3eJIEHOTO 1IBETa, COeAUHAOMEH y3ibl i 1 j. CepenuHa sneMeHTa 0003HAYEHA OKPY>KHOCTBIO, OT
KOTOpOil 1mpoBeaeHa mpsiMas K Y31y j. OCHOBHBIM Ha3HAY€HHEM JJIEMEHTAa SIBJISETCS
o0OecrieueHre  BO3MOXKHOCTH  MEpexojJa OT  OJHOMEpHBIX  MOJeNell  MPUBOJOB K
IIPOCTPAHCTBEHHON KOHCTPYKLHU. DJIEMEHT OINUCHIBAET TOJbKO KMHEMAaTUYECKYIO CBA3b MEXKIY
YIJIOBBIMU TepeMenieHussMu. KiuHemaTuueckue U ynpyrue CBOMCTBA CBSI3M YacTed MOJAENH IO
JPYTUM HalpaBJICHUSM, a TAK)Ke HHEPIIMOHHBIE XapaKTEPUCTUKU CBA3BIBAEMBIX YacTel MOJIEINH,
JOJKHBI OBITh YUTEHBI B IPYTUX KOHEYHBIX SJIEMEHTaX.

Eciu B Habope AaHHBIX HEMOCPEICTBEHHO IEpE]l 3alMChi0, ONMHUCHIBAIOIIEH 3JIEMEHT
JAHHOTO THIA, PACIONIOKEHA 3alHUCh TE€OMETPUUYECKUX XapaKTePUCTHK CEYEHHH CTep:KHEH, TO
LIITOK paccMaTpUBaeTcs KaK CTEp)KEHb C yKa3aHHBIM B 3Toil 3amucu ceueHueMm. CBoicTBa
MaTepuaja Takke Ha3Ha4aroTCs M3 MPEeIIIeCTBYIONIEH 3aiCH cO CBOWCTBAMHU MaTepuana, Wi,
[0 YMOJYaHHIO, NPUHHUMAIOTCA CBOMCTBAa CTald. B Jpyrux ciydasx >3J€MEHT CUMTaeTcs
a0COJIOTHO KECTKUM.

a)

qil
W,

Puc. 3.12.2. DnemMeHT ¢ OTHOCUTENBbHBLIM NOBOPOTOM Y310B:
a — cxema drieMeHTa B fioKkanbHOW cucteme koopamHar; 6 -nsobpaxeHne
3rnemeHTa Ha cxeme.
Touku »snemeHTa IO YMOJTYAaHUKO CYUUTANOTCA BHUPTYAJIbHBIMH, C€CJIM HC CBA3aHbI C
JPYTHMH 3JIEMEHTAMU.
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3.13. AneKkTpoaBuraTenb

OpHoMepHBIE KOHEYHBIH 2yeMeHT. OIUCBHIBAETCA XapaKTEpUCTUKON (MOMEHT B
(YHKLIMU CKOPOCTH BpallleHHs Bajla), 3aJaBaeMOM B BHUJE TAaOIMIbl, W MOMEHTOM HHEPLUHU
Bpalaromuxcst yacred. CBsi3aH ¢ OJHOW Y3J0BOW TOYKOM i , B KOTOPOM YKa3bIBaeTcs
KOOpJMHATHas OCb, K KOTOPOW NPUIOKEH MOMEHT, M HalpaBICHUE BpPALICHUS - HPAMOE
(coBmaaroriee C moJIoKUTEIbHBIMU HANIPABJICHUSIMH BpaIlleHHs ) Wi oOpaTHOoe. CxemaTuyeckoe
n300pakeHHE dJIEMEHTa MPeICTaBIeHo Ha puc. 3.13.1.

Puc. 3.13.1. OnekTpoasurartens.
HN306paxeHue anneMeHma Ha cxeme.
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3.14. MexaHun4yeckue nepegauim

3.14.1. OgHOoMepHasa mMexaHu4yeckas nepepada

OnHoMepHbIN 351eMeHT. CBS3bIBACT ABa y3Ja { U j, B KOKJIOM U3 KOTOPBIX MCIOJIb3YET
OJIHY CTETIeHb CBOOO/IBI, YKa3bIBAEMYIO I0JIb30BaTENIEM (HAIPUMED, BpalieHre BOKpYT ocu OZ B
y37e i MOXeT OBITh CBSI3aHO C mepeMemeHueM Baojdb ocu OX u T1.1m.). Cxemarwmdeckoe

a) | a) I EJ .

;7 n<-1 ;o - ;e

g ;oo 7 _1<n<0

Puc. 3.14.1.1. OTobpaxkeHne anemeHTa OAHOMEPHasi MexaHn4yeckasa nepegada
Ha cxeme.

DIEeMEHT YCTAHABIMBAET CBSA3b MEXAY MEePEeMEIICHUsIMHU On<;, KOTOpas Ipu
OTCYTCTBUHM YIPYTUX JAePOpMalIUid ONIPEACITUTCS BEIPAKCHUEM

Qﬂr’ = ngQ, ’

rae M - mepenaTouHOe OTHOIICHUE.
VYupyrue nepopMaiiy CUUTAIOTCS IPUBEACHHBIMU K Y311y j U ONIPEACIISFOTCS
BBIPAXKCHUCM

Ef:Qr'_HQ!

o o

3aBUCUMOCTb MEX]ly IPUBEIACHHON AeQopMaliel 1 yCuiInueM yrpyroi peakuuu R;
JJIEMEHTA CUUTAETCS JIMHEUHOU

R;=—ky €
rae kﬂp - IPUBCACHHAA K Y31y JKECTKOCTB DJIEMEHTA.
[Torepu oHEpruv B DSJIEMEHTE YYUTHIBAIOTCS NPUBEIACHHONM K Y31y j CHIOU
COIIPOTUBJICHU A
Q;
F,=-=Ln|r

i |'
d
Qr’
J

i
J

Jlnst sneMeHTa 3aar0TCs:

1.  Howmepa y3noBiuj.
HamnpaBneHus cBsI3bIBa€MBIX EPEMEILIEHNN.
[IpuBeneHHbIE K CTEEHSAM CBOOO/IbI MAcChI.
[IepenaTounoe oTHOLIEHUE 7.
IIpuBeneHHas K y311y j KECTKOCTb.

e
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6. Koadouimenr mosnesnoro aeiicrsust 77 (%).

3.14.2.3y64aTtble nepenayun

JlanHasi rpynma 3J€MEHTOB IpeAHa3HaueHa AJisi MOJEIMPOBAHUS Pa3IUYHBIX BHJIOB
3yOuaThIX TIepenady M ONHUCHIBAIOT MX KHHEMAaTHUYECKHE, YIpPYyrue, HHEPIHOHHBIE |
nuccunatuBHble cBoicTBa. [Ipu onpeneneHun ynpyrux 1 KHHEMaTHUECKUX CBOMCTB JIEMEHTOB
JAHHOM T'PYIIIBI KCIIOJIB30BAHBI TEOPETUUYECKHE MOJIOKEHHS, N3JI0KEHHbIE B padoTax /51 - 55/.

3nech 3y0uarbie Kojaéca MPEICTaBISIIOTCS TBEPABIMHU TEIaMU, COSAMHEHHBIMH B MECTax
KOHTaKTa 10 3yObsIM yNPYrod HEIMHEHHOW CBS3bI0, MOJENUPYIOIIEH 3y0daroe 3alleruiCHHE.
[Ipumep ncosIb30BaHUS AJIEMEHTOB TOU IPyMIbI IpeAcTaBieH Ha puc.3.14.2.1.

-

Puc. 3.14.2.1. Npumep ncnonb3oBaHus anemMeHTa “3ybyaTtas nepegada’ ang
MOENMPOBaHUSA peaykTopa ra3oTypobuHHOro asuraTens.

Bo Bcex Tumax mepenauy mpu ONMUCAHUM MHEPIMOHHBIX CBOMCTB KoJieca U IIECTEPHU
cuMTaeTcsl TBEPABIMHU TeJIaMU OCECUMMETPHYHON (OpMBI (LUIUHAP WM KOHYC), OCb KOTOPOTO
IpoXoauT yepe3 nBa y3na (i u j, puc.3.14.2.2), a ocb oy - JIEKUT B IJIOCKOCTH, MPOXOASIICH
yepes TOYKU i, j U m, TJIe m — TOUKa, YCIOBHO JieXkallas rnocepeuHe o0JacT KOHTaKTa 3yObeB.
B kauecTBe TOUKM m IpUHUMAETCS 001Iast TOUKA JETUTEIbHBIX OKPYKHOCTEH Maphl.

[Ipn ompeneneHMM HMHEPUUMOHHBIX CHJI KOJe€ca W IIECTEPHU CUYUTAETCS TBEPABIMU
TeJIaMU. T.e. Ae(OopMallui CYUTAIOTCS MAJIBIMU M COCPEIOTOYEHHBIMU B 00JIACTH 3aLleTUICHUS.

WHepunoHHbIE CHIIBI 1 MOMEHTHI, AEHCTBYIOLINE Ha KOJIECO, IPUBEIECHHbIE K LEHTPY
macc B mpoekiusax Ha ocu JICK onpenensTcst U3BECTHBIMU BBIPAKEHUSIMU

fe=-mq,; f,=-mg, ; Sf.=-mq. ;
u
M =-J w,_; My =—JWv'{/y ; M =—J_w_;



161

COOTBETCTBCHHO.

3nece:

m — Macca Tena,

Jxx , Jyyn Jz - MOMEHTBI MHEPLMU TEJIa OTHOCUTENIBHO cooTBeTCTBYIOMMX ocell JICK,

g W W - IIOCTYIATEJIbHbIE U YIJIOBBIE YCKOPEHUS B IEHTPE UHEPLIMM COOTBETCTBEHHO.

Kpome TOro, y4yuThIBalOTCSI THUPOCKOMUYECKHE MOMEHTBI, BBIPAXKEHHUS JJIsi KOTOPBIX
HMEIOT BUJ

MO = ~J, Jiw,; MO =T =T v MO =(7, -7, i,

HMHepuyroHHBIE CHIIBI PACIPEIEIISIIOTCS PABHOMEPHO MEKIY Y3JIOBBIMH TOYKaMH Kojeca
iy mwecrepHu. [Ipu 5TOM, HHEPLUUOHHBIE CUJIBI U MOMEHTBI YYHUTBIBAIOTCS COOTBETCTBYIOLIEH
MaTpULIEd Macc, a THUPOCKONIMYECKHE MOMEHTBI PAaCKIAaAbIBAlOTCS Ha COOTBETCTBYIOLIYIO
MaTpUIly AeMI(UPOBAHHS U BEKTOP CHJI, YYUTHIBAEMBIi B IPABON YaCTH YpaBHEHHSI JBHU)KCHUSI.

Z
'

- (i)
Ay

M(-'I) b, J -__y
f:(f} (i)
{.f(j} f( .:} f}‘
J
y (i)
y N St

L]

L

Puc. 3.14.2.2. K Bonpocy onpeaeneHnsi UHEPLUMOHHbIX XapaKTepUCTUK U CUI
NHepLmMn Koneca.

I/IHepLII/IOHHBIe CHJIBI PACTIPECIISIFOTCSI PABHOMEPHO MEXITy Y3J1aMH i U j
1
fW—f;n M@:ﬂM+M9L

rIue n=ij; l=xy,z
[Tpu 3agaHnK OCEBBIX MOMEHTOB HHEPIIUU PABHBIMU HYIIO MX 3HAUCHUS OMPEICIITIOTCS
0 Macce Kak JyTsl [IATUHIpa.
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IIpu 3agaHny Macchl paBHOM HYJIO Macca KOJIeca WM ILIECTEPHU ONPEAeIseTCs KaK s
WIMHApPAa € JUaMETPOM pPAaBHBIM JMAMETPY JEJIUTEIbHOW OKPYXKHOCTH, COCTOSIIIUM U3
MaTepHala ¢ 3aJaHHbBIMU PaHee CBOMCTBAMHU.
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3.14.2.1. UunuHapuyeckas 3yb4aTtas nepepava

DJIeMEHT MNpeAHa3HAa4YeH Uil MOJCIMPOBAHMS KUHEMATHYECKUX M YIOPYTHMX CBOMCTB
[WIAHIPUYECKUX 3yOUaThIX Mepead Mpu MPEICTaBICHUH 3y04aThiX KOJEC TBEPABIMU TEIAMH,
COCTMHEHHBIMH YIIPYTOM HEIMHEWHOW CBSI3bI0, MOJICIHUPYIOLIEH 3y0UaToe 3arerieHHe.

Cxema anemeHTa npeacTaBieHa Ha puc. 3.14.2.3. DineMeHT OnuchIBaeT 3yOuaryro napy
Y CBSI3BIBAET YETHIPE Y3JIOBBIC TOUKH - I, j, k I. Y3161 i U j 1ekKaT Ha OCH LIECTEPHU U ONPEICIISIOT
€ro IMOJIOKEHHUE U TOJIIMHY. Y3Ibl k 1 / 1eaT Ha ocu KoJjeca, U, aHAJIOTUYHO, OIIPENEISIIOT €€
nonokeHue u ToimmHy. Hadamo nokanbHOM cuctembl koopauHaT siemeHta (JICK) xoyz
COBIAJIAET C TOUKOH #, OChb OX IMPOXOAUT YEPE3 TOUKY j, a TOUKA k JIEKUT B IUIOCKOCTH Xxoy. [Ipu
ONpEJEICHUN YIPYTUX CBOMCTB PEAKIUU PACCMAaTPUBAIOTCS B BUJIE CUCTEMBI COCPEAOTOYEHHBIX
CHJI U MOMEHTOB. B COOTBETCTBUM C MOAXOJOM, HCIOJIb3yEMbIM B YKa3aHHBIX BBIIIE paboTax,
CHWIOBbIe (DaKTOphl, ACHCTBYIOLIME B 3alCIUICHUH, MPHUBOIATCS K PaBHOJACHCTBYIOIIUM
COCpPEIOTOYEHHBIM, CHUJIaM, JCHCTBYIOIIMM B Moitoce 3auemsieHus. IlomocoMm 3aneruieHus
CUMTAETCS] TOUKA, HAXOASIIAsACS MOCEPEANHE 30HbI OJHOMAPHOIO 3alleIICHHUS.

Ha cxeme mnokazanbl MomeHTBl M; u M>, nelCTByHOIME Ha IIECTEPHIO M KOJIECO
COOTBETCTBEHHO, a Takxke ycwius F- u F>, BO3HHMKAaKIIHWE BCIEACTBHE HAKJIOHA HOpMAaJU
KOHTaKTHOW MOBEPXHOCTH 3yObEB K KacaTeJbHOW K JICIUTEIHLHOW OKPYKHOCTH. [Ipu sToMm,
HE3aBUCHUMO OT HAallpaBJCHUs BpALLIECHUS M IEPEIaBa€MOr0 MOMEHTa pajualibHbIE YCHUIIUS
HampaBJIEHbl OT TIOJIOCA 3alEIJICHUS K OCH KoJjieca. YKa3aHHbIE YCWIHSA CBSI3aHBI
COOTHOIIEHUSIMU

M .
F, = ?1 - OKPYXXHO€ yCHUJIUE, IEHCTBYIOIIEE Ha KOJIECO;

1
F = —|E,tg(a] - paauanbHOE YCUIIME, IEUCTBYIOIIEE HAa KOJIECO;

P(O) .
, =——— - ycwiue, JEHWCTBYIONEC HAa MIECTEPHIO IO JIMHWM 3alleIuieHust (110
cos()
HOpMAJTH K TIOBEPXHOCTH KOHTAKTA);
o - yroJI 3aneruieHus (yrojl HakJioHa HOPMaJld MOBEPXHOCTH KOHTaKTa K KacaTeabHOMN

JeTUTENTbHON OKPYXHOCTH B IIOJIIOCE);

R . o
M,=-—2M, - MOMEHT, JI€MCTBYIOIIMI Ha KOJIECO.
1
F, =-F, u F, =—F, -ycunus, IeUCTBYIOLIME HA KOJIECO,
Ri ¥u Ry—paauycChbl IETUTENBHBIX OKPYKHOCTEN IIECTEPHU U KOJIECA COOTBETCTBEHHO.
1
f,
f
18
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Puc. 3.14.2.3. PacuyéTtHas cxema onpefeneHns yecunun, 4ENCTBYIOLLMX B
uunmHgpuyeckon sybyaTton nepegadve.

Cunpl TpeHus, NCHCTBYIOIIME IO KOHTAaKTUPYIOLIUM IOBEPXHOCTSIM 3yObEB, TaKxke
OpUBOAATCS K MoMeHTaM. (Cxema MNpUBEACHHS CHJI TPEHHST K MOMEHTaM JUJIsl IIeCTepHU
npeacrasiieHa Ha puc.3.14.2.4.

E,
V'Lj, Fmp
| 7.
£
o
M mp

Puc. 3.14.2.4. PacuyéTHas cxema y4y€Tta TpeHus.

MowmenTt Tpenus Mimp, TPUBEACHHBIA K YIJIOBOMY IEPEMEIIECHHUIO UIECTEPHH,
HaIpaBJIEH B CTOPOHY NPOTHUBOIIOJIOKHYIO €€ BPAILLEHUIO, ONIPEAEIAETCS BHIPAXKEHUEM

MW

1mp
i

FmpRl Sm(a) s

rie
W, - YIJIOBasi CKOPOCTb LIECTEPHH,
F,, =k,,F, - ciia TpeHHs Ha MOBEPXHOCTH KOHTAKTA,

kmp — K03 puLIHEHT TpEeHUs.
AHaAIOTUYHBIM 00pa30M OTIpPEIEISIETCS MOMEHT TPEHHS, TPUBEJCHHBIA K COM BpaIICHUS

KOJICCa.
HOJ'IaFaeTCﬂ, 4YTO MOJATIMBOCTH JJICMCHTA OIPEACTIACTCA NTOAATIMBOCTBIO SY6I>€B,
HaxXo4dgImuXcCs B 3allCIINICHUU, 1 MaTpULa JKECTKOCTHU ONpeACIIICTCA B COOTBETCTBUU CO CXCMAMU,

IpeJICTaBICHHBIMU Ha puc.3.14.2.4.
B cooTtBercTBMM ¢ OOLIMM MOAXOJOM METOJA, YCHJIUS B DJIEMEHTE OMNPEIEINSIOTCS

nedopmanneil ycIoBHOTO YIpyroro 3J1eMeHTa, PacHoI0KEHHOTO B MOJIOCE.
HopmanbsHoe ycuine, onpeaensercst BRIpaKeHHEM
F=ke,
rie
k, — IpuBeIEHHAS K TIOJIIOCY KECTKOCTH 3yObEB,
B {q(e)} - IPUBEJICHHAS K MOJIIOCY e opMarius,

E=
B

MIEPEMEIICHHH 2JIEMEHTA,

@V _| m (m) (m) (n) (m) ()
{6] }—qx q, w, q9." 4, W,

asieMeHTa. TOYKM m ¥ n BCIIOMOTATENIbHBIE U JIEKAT B IIJIOCKOCTH, HOpMaJIbHOH K ocu ox JICK u
IIPOXOSIIEH Yepes MOIIOC.

© :|—bx -1 —-R b 1 R2| - Marpula CBsA3M JeQopMaluud U Y3JOBBIX

BEKTOP  Y3JIOBBIX IEpEMENICHUN
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B 3aBuUCHMOCTH OT HalpaBJICHHS MOMEHTOB, KOHTAaKT MOET MPOUCXOIUThH IO
MepeHUM WJIU 33THUM IOBEPXHOCTSIM 3YObeB (CXeMbI @ U 6 puc.3.14.2.5 COOTBETCTBEHHO). DTO
O3Ha4aeT, 4Tto nedopMaiusi YIPyroro IJIEMEHTa MOXKET OBITh TOJBKO OTPHUIATENILHOH, T.C.
UMEIOT MECTO TOJBKO Aedopmanuu cxarus, T.e. &<=0. B atom ciywae b, =sin(a). Ecau 310

YCIIOBHE HE BBIIOIHAETCS, TO AJIs by ClIeNyeT U3MEHUTD 3HaK, T.€. b = —sin(«a) . Takum obpazom

YUYUTBIBACTCA  HU3MCHCHUC  HAIIPABJICHUA  HOPMAJIM K IIOBCPXHOCTHU KOHTAKTa M TO
OGCTOHTGHBCTBO, YTO HC3aBUCHMO OT HAIIPaBJICHUA MOMCHTOB paAWaJIbHBIC CHJIBI BCCraa
HaIpaBJICHBI K OCH KOHTaAKTHPYIOHIUX 3JICMCHTOB.

Puc. 3.14.2.5. PacuyéTHble cxeMbl onpegerneHuns ynpyrux ycunum,
AENCTBYIOLWNX B LMNUHAPUYECKON 3ybyaTomn nepegade. a 1 6 — npy NONOXUTENBHOM
1 oTpuuaTeNbLHOM HanpasieHUN ENCTBUSA CUIT COOTBETCTBEHHO.

BekTop peaxiuii 31eMeHTa ONpe/IeNseTcsl M3BECTHBIM BBIPAKEHHEM
T

T .
{r(e)} =|F, F, M, F, F, M,|-Bextop peaxuuii snemenra,
‘ ©

=] B|Tk|B| -MaTpHIIA KECTKOCTH.

[Tepexon K y37OBBIM TOYKaM, a 3aTeM K INI0OAIbHBIM KOOpAMHATaM OCYIIECTBISETCS
U3BECTHBIM CIIOCOOOM C HCIOIB30BAHNEM MATpPHUILl IPeoOpa30BaHUs KOOPAMHAT.
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[lpu Hamuuuu yria HakIoOHa 3yObeB K OCH (U1 KOCO3YOBIX TIepenad) YCHIIHs,
NEHCTBYIONIME BAOJb OCH KOJNEC M LIECTEPEHOK, YUMTHIBAIOTCS aHAJIOTMYHBIM 00pa3oMm, T.e.
pacyéTHasi cxeMa CTAaHOBHUTCS MPOCTPAHCTBEHHOW. 3HaueHue k, OmpenessieTcss SMIUPUUECKON
dbopmynoii u aBnsercs GyHKIMEH CBONCTB MaTepuaia, MOAyJd U pabouell NIMPUHBI BEHIIA.

AHAJIOTUYHBIM 00pa3oM OCYIIECTBISIETCS NPUBEJACHHUE CHJI TPEHUS K Y3JIOBBIM
nepemerienusimM KO.

B onHo#t 3anmucu MoOXeT ObITh OMUCAHO HECKOJBKO KoJIEC M miecTepHei. CBs3b KOJIEC
KOHTPOJIMPYETCS MO PACCTOSHUIO MEXAY OCAMU U MEPEKPHITHIO M0 OCH, T.e. Touku k u (unm) /
JOJDKHA HAaXOJUTHCSI MEXAY TOUYKaMH i U j B JOKAJbHOM CHUCTEME KOOpPJMHAT AJIEMEHTA XO0YZ.
[Tpu 5TOM 3aliernyieHue MOXKET ObITh BHELTHUM HIIM BHYTPEHHHM.

Jlns a51eMeHTOB 3a7at0TCS:

1. CapoiicTBa Marepuaia.

2. Monyns.

3. VYromn HakJoOHa 3yObeB K OCH KoJeca.

4. Ywmcno 3yObeB, a TAaK)Ke MAcChl U OCEBbIE MOMEHTBI MHEPIIUH KaKIO0Tr0 KoJéca.

5. KoadduuueHnt TpeHus mno noBepXHOCTIM 3yObeB.

[Ipu 3agaHUK OCEBBIX MOMEHTOB MHEPLUU PABHBIMHU HYJII0 UX 3HAUEHUS ONPEIEIAIOTCS
o Macce Kak Juis uuiauHapa. [Ipu 3aganuu Macchl paBHOW HYJIIO Macca KoJieca WU IIEeCTEPHU
onpeaensercs Kak A HUWIMHIpa C TUaMEeTPOM PaBHBIM JUAMETPY JEIUTEIbHOU OKPY)KHOCTH,
COCTOSIIIIMM U3 MaTepHalia C 3aJlaHHbBIMU paHee CBOWCTBAMHU.

B pesynbpraTe pacuéra OnpenensioTcs OKpY)KHas CUjia Ha JIEJIUTEIbHOM LUIMHJIPE B
TOPLIOBOM ceueHUH F; (OKpy>KHasi CHJIa) U IOTOHHAsI OKPYKHas CuJja, T.€. YCUJINe, OTHECEHHOE K
paboyeil mupHuHe BeHLa 3y0uaToi nepeaadu

Pabouas mmpuHa BeHua b, omnpenensercs IIyTEM aHaIM3a pPACHOJIOKEHHA TOUYEK
anemeHTa 1o ocu ox JICK B cooTBeTcTBHM CO CXEMOM, IPEACTABIECHHON Ha puc.3.2.14.5.

Ecnu mecrepéHka HaxoqUTCS B 3alIETJIEHUM C HECKOJbKUMHU KOJIECAMHU, TO BBIBOZSTCS
MaKCHMaJbHbIEC 3HAYECHMS YKa3aHHBIX 1ApaMETPOB.

[

Puc. 3.14.2.6. OnpegeneHune paboyen LWMPUHbI BEHLA.
1-lwecTepHs, 2-koneco.
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3.14.2.2. YepBsA4Haa nepepaya

DJIEMEHT NpeIHa3HA4YEH ISl MOJACIIMPOBAHUS YEPBSIUHBIX NIEpeIay IpH MPeACTABICHUN
UX KOMIIOHEHTOB TBEPABIMHU TEJIaMHU, COCUHEHHBIMU YIIPYTrOol HEJIMHEMHOMN CBA3bIO. DJIEMEHT
ONHUCHIBACT YEPBSYHYIO Mapy U CBSI3BIBACT YETHIPE Y3JIOBBIE TOUKHU - I, j, k [. Y37b1 i U j nexar Ha
OCH 4YEpBSIKA U ONPEIENSIIOT €ro MOJOXKEHUE U JUIMHY. Y3ibl k u [ nexar Ha ocu KoJjeca, U,
AQHAJIOTUYHO, OIPENEISAIOT €r0 MOJ0KEHUE U TOJILUHY.

Cxema »snemeHTa mpeiacraBieHa Ha puc. 3.14.2.6. Moxenupyer KHHEMAaTHYECKUE
CBOICTBA 3allCTIJICHUS U MO3BOJISIET ONPENSIUTh PEaKIMK, BbI3bIBaEMbIE YIPYroi nedopmanueit
3yObeB, B BUIC MOMEHTOB M;, M> u ycwmmid, F; u F>,, BOSHUKAIONINX BCJICICTBHE HAKIOHA
HOpMaJl KOHTAaKTHON TIOBEPXHOCTH 3yObeB, a Takxke ycuinuss Fix u F2, BO3HUKAIOIIUX
BCJIE/ICTBUE HAKJIOHA BUHTOBOM JIMHUM K OCH KoJieca. lIpuBenenue ycunuil B 3alleTVIEHUU U CUII
TPEHHUS K Y3JIOBBIM TIEPEMEIICHHUSIM OCYIIECTBISETCS TEM K€ CIIOCOOOM, YTO W JUIS
HUATUHIpUYECKON nepegaun. Paznunia 3akirogaeTcsi B KOHKPETHON (hopme MaTpuil.

B oaHo#i 3amucu MoxeT OBITh OMUCaHa TOJNBKO OJMH YEPBSIK, KOTOPBIA CUHUTAETCS
MEPBBIM B OMIMCHIBAEMOM IPyNIIE KOJIEC.

st 51eMeHToB 3a1at0TCs:

1. CgaoiicTBa maTepuara.

JuameTp nenuTenbHON OKPYKHOCTH YEpBsIKa.
[ITar 1 4KcII0 3aX0/I0B YEPBSIKA.
Yucno 3yObeB Koieca.
Maccel 1 0ceBble MOMEHTBI MHEPLIMM YEPBSKa U KOJECa.
KoadduimeHT TpeHus mo NoBepxXHOCTSIM 3yObeB.

[Ipu 3amanun OCEBBIX MOMEHTOB MHEPILIMM PABHBIMU HYIIO UX 3HAYEHUS OMPEACISIOTCS
10 Macce Kak s uunusapa. [Ipu 3aganum Maccel paBHOM HYJIIO Macca KoJieca WM HIECTEPHU
orpezensercs Kak s HWIMHIPA C JUaMETPOM PaBHBIM JAMAMETPY JEIUTEIbHOW OKPYKHOCTH,
COCTOSILMM W3 MaTepuala ¢ 3aJJaHHbIMU paHee CBOMCTBaMHU.

B pesynbprare pacuéra onpenensroTcs OKPYKHOE YCHIME B 3alECIUICHUHM M IOTOHHOE
OKpY’KHOE YCUJIUE, T.€. YCUIINE, OTHECEHHOE K IIMPUHE 3aleIUieHus. Eciu yepBsIK HaXoauTcs B
3alCTUICHUH C HECKOJIBKUMU KOJIECAMU, TO BBIBOJUTCS MAaKCUMAJIbHOE YCUIIHE.

SNk wb
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Puc. 3.14.2.6. PacyétHasa cxema onpeneneHust ycunum, ENCTBYHOLLNX B
YyepBAYHOW Nepeave.
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3.15. llapHupbI 1 NOALWMMHUKN

3.15.1. Cchepuyecknu WwapHup

ONEeMEHT CBA3BIBACT J1BA y3Ja i M j, KaKIbIM M3 KOTOPBIX MMEET IIECTb CTENEHEU
CBOOOJIBIL.

DIEMEHT 3aIpelacT OTHOCUTEIBHOE MIEPEMEILICHUE COCIUHAEMBIX Y3JI0B B HaIlIPaBJICHUU
KOOPJMHATHBIX OCEHd W HE HAKJIAABIBACT KECTKUX OIPAaHUYCHMI HA YIJIOBBIE INEPEMELICHUS.
OTHOCHTENBHOMY YIVIOBOMY IIE€PEMEILEHUIO Y3JIOB IPEMATCTBYET TOJBKO MOMEHT TpEHUS,
OIIPEIEIAEMBIN BBIPAKEHUEM

Mmp = kmpR,

rae R - cyMMapHO€E yCUiue, ICUCTBYIOLIEE JJIEMEHTE,

km p. - IpUBEICHHBIN KO (DULIUEHT TpeHus

MomeHT TpeHus JeMCTBYeT B HaIlpaBJICHUH, MPEMSITCTBYIOLIEM OTHOCUTEILHOMY
IIOBOPOTY Y3JIOB.

Koopaunatsl cBsI3pIBa€MBIX 3JEMEHTOM Y3JI0OB JIOJDKHBI coBmajgaTh. Ha cxeme
n3zo0pakaercsa IByMs OKpyxXHocTsMu (puc. 3.15.1.). Tak kak Nmpu ONKMCAaHUU TOHOJOTMH C
MOMOIIBI0 TPapUYECKOTr0 penakropa YIAOOHO, YTOOBI KOOPAWHATHI COEIWHSEMBIX Y3JIOB
OTJIIMYAJIUCh, TO B 3TOM CJIy4ae IMPH OTOOPAKEHUM 3JIEMEHTa Y3JIbl COEIUHSIOTCS JIMHUEH,
OJTHAKO TOCJIE COCTUHEHUS KOOPIMHATHI Y3JI0B HEOOXOIUMO BBIPOBHSTH.

(=
I - i Puc. 3.15.1. Cepudeckun wapHup.
“ N30bpaxeHne anemMeHTa Ha cxeme.

Jnst smeMeHTa 3a1ar0TCs:

1. Homepa cBsI3bIBa€MBIX y3JI0B i HUj.

2. IlpuBeneHHBIH KOYPPUIUEHT TPEHUS Krp , CBA3BIBAIOLIUN BEIUYMHY CYMMAapHOIO
ycuius R, NEWCTBYIOLIETO B 3JIEMEHTE, C MOMEHTOM TPEHUS Moyyp .
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3.15.2. NMnockun wapHup

DNeMeHT CBA3BIBACT JBA y3ia i M j, K&KIbIH M3 KOTOPHIX MMEET IIECTh CTEleHEH
cBoOo1bl. Kpome Toro, a1t OpMeHTalMK OCH 3JIEMEHTA MCIIONIb3YIOTCS el /iBa y31a —k u /.

DJEeMEHT 3alpelaeT OTHOCUTEIbHOE NIEPEMEIICHUE COSIUHIEMBIX Y3JI0B B HAllPaBJICHUU
KOOPJIMHATHBIX OCEH M YIVIOBBIX IEpEeMEIEeHUI MEepHeHIUKYIAPHBIX OCH 3JeMEeHTa. Takum
00pa3oM, CBA3BIBAEMBIC y3JIbl UMEIOT OIHY CTEIIEHb CBOOOIbI OTHOCUTEIBHO APYT Apyra — yroi
IIOBOPOTA BOKPYT OCH 3JIEMEHTA.

CBs3b MEXIYy Y31aMH MOXXET OBITh Kak aOCONIOTHO >KECTKOW, TaK M YHPYro c
3aJJaHHBIMU  KO3((UIIMEHTaMH IPUBEACHHOW >KECTKOCTH IO IOCTYNATENbHBIM M YIJIOBBIM
nepemenieHusM (K, 1 Ky cOOTBETCTBEHHO).

OTHOCHUTENBHOMY YIJIOBOMY IIE€PEMELICHUIO Y3JI0B [ U j BOKPYI OCH 3JEMEHTa
HPEMSATCTBYET TOJBKO MOMEHT TPEHUS, ONPEACIIsIeMbIil BRIPaKEHUEM

Mmp = krR +kar N

rae R - cyMMapHOE ycuiHe, IeHCTBYIOIIEE B DJIIEMEHTE,

kr. - mpuBeneHHBIN KOA(D(MUIMEHT TPEHWUs, CBS3BIBAIOIIUI YCHIIME,  JCHUCTBYIOIICE
DIIEMEHTE M MOMEHT TPEHHUS,

kr - mpuBeneHHBIN KOA()(QUIIMEHT TPEHUS, CBA3BIBAIOIIUN MOMEHT M), NEHCTBYIOIINUN B
DIIEMEHTE B HAIIPABIICHUH MEPIICHANKYISIPHOM OCH, U YCHJINE, MOMEHT TPEHHSL.

MoOMEHT TpeHHs JEHCTBYeT B HANpPAaBICHUU, TNPEHSATCTBYIOIIEM OTHOCUTEILHOMY
MIOBOPOTY Y3JIOB, T.€. HA OCH DJIEMEHTA.

KoopauHaThl CBSA3bIBAEMBIX 3JIEMEHTOM Y3JIOB JIOJKHBI COBIA/IATh.

Ha cxeme m3o0paxkaeTcsi OKpY>KHOCTBIO C IEPECEKAIONIMM €€ OTPE3KOM, HalpaBJICHHBIM
BJIOJIb OCH AyieMeHTa (puc. 3.15.2.).

Jlnisi OpHeHTAllMM OCH HCIIONB3YETCsl JIOKAJIbHAS CHCTeMa KOOpAWHAT X0yz , Hadajo
KOTOPOH pacrnojokKeHO B y3JI€ j , OCb OX MPOXOJUT uepe3 y3el Kk, a OCh 0y JEKUT B INIOCKOCTH
Jki (puc. 3.15.2a.) . Hanpasnenue ocu onpeaensercs npyms yrinamu F; u F> . Yron Fim
OPUEHTHUPYET OCb OTHOCHUTEIBHO OCH 0z JIOKaJIbHOM CHCTEMBI KOOPJMHAT B IUIOCKOCTH,
NPOXOJAIICH Yepe3 OCh 0z TMOJ YIJIOM K OCH oXx. B o0mem ciaydae JIoKaJbHasi cUCTeMa
KOOPJIMHAT OPHEHTHUpYeTCs Mo TpéM y3naM j, k u [ . BOo3MOXHO 3aJaHMe YacCTHBIX CIIy4aeB
OpHUEHTAINH, KOTJIa OCU X0yz OpueHTupoBanbl o XOYZ, YOXZ wmm ZOXY (puc. 3.15.26, 6 u
2. COOTBETCTBEHHO). B 3TOM ciydyae opueHTanus ocu He OyneT 3aBHCETh OT NepeMelleHHH
y3II0B.
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a) &)

OCh
HiapPHUpE

1.1 ]

"""?g

ok

Puc. 3.15.2. OpneHTauusa ocm NNOCKOro wapHupa.
a — obwmn cny4van,
6, 8, 2 - YacTHble cnyyau opmeHTauum JICK K3.

Ha cxeme n3o0OpakaeTcst OKpYKHOCTBIO C MEPECEKAIOIIMM €€ OTPE3KOM, HalpaBICHHBIM
BIOJb ocH dneMeHTa (puc. 3.15.3a.). Ilpu BKIFOUEHHOM peXHMe OTOOpaKEHHs JIOKAIBHBIX
CHCTEM KOOPJUHAT 3JIEMEHTOB OTOOPAXKAIOTCS, TAKXKe, JIMHUM, CBS3BIBAIONIUE Y3€7 j C y3JIaMu
kul.

a) &)

Puc. 3.15.3. lNnockuin wapHup.
a - nsobpaxeHue aneMeHTa Ha cxeme,
6 - n3obpaxeHne anemMeHTa npu BKAOYEHHOM pexnme otobpaxeHus JICK K3.

Kak u B mpeapiaymieM ciydae, MpPU OMKUCAHUU TOMOJIOTUU C TMOMOIIBIO Tpaduueckoro
penakTopa yaoOHO, 4TOOBI KOOPAMHATHI COSAMHIEMBIX Y3JI0B OTIMYAINCh, TO B ATOM CIlydae
MpU  OTOOpaKEHHM DIEMEHTAa Y3IIbl COCOUHSIOTCS IJMHUEH, OJHAKO TOoCle COEIMHEHUS
KOOPJMHATHI y3J7I0B HEOOXOIMMO BHIPOBHSITH.
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Jlyis aneMenTa HeoOX0MMO 33aTh CIEAYIONUE TapaMeTPHhI:

1.
2.

Howmepa y3noB i, j, k u .

Koaddunuent npuBeneHHOW KECTKOCTH TO MOCTYMATENbHBIM U YIJIOBBIM
nepemenieHusM (K- u Ky coorBercTtBeHHO). [Ipu 3amaHuu HyleBbIX 3HAYCHHM
AJIEMEHT CUUTAETCS A0COJIIOTHO )KECTKHUM.

VYraet F; wn F2 , OpUEHTUPYIOLIKME OCh DJIEMEHTA B €ro JIOKaJbHOW CHUCTEME
KOOpJMHAT.

Crioco6 opueHTaluy JTOKaJTbHON CHCTEMBI KOOPIMHAT.
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3.15.3. NMoAawnnHukK

ONeMEeHT NpeJHa3HA4YeH JUIs ONMCAHUSA YHOPYrol CBSI3U Y3JI0B, JONMYCKAIOIIEH HX
IepEMEIEHUE BOKPYT 3aJaHHOU OCH.
DuU3NYECKU MOJEIUPYETCS COBOKYITHOCTBIO YIPYTHX CBA3EH MEXKIY Y3JIaMH U OCBIO B
pagualbHOM U OCEBOM HaIIPaBICHUAX.
B papuanbHOM HampasieHHH JedopManuid MOMIMIUITHUK MOJICIUPYET JIBa BUJA CBSI3U —

IIOCTOSIHHYIO U HEYIEP’KUBAIOILYIO.
IlocTostHHBIM ~ XapakTep CBSI3M  HCIOJIB3YETCA U1 HPEABAPUTEIIBHO  HAIPSKEHHBIX

IIOJUINITHHUKOB.

a)

5)
-

Pnc.3.15.3.1. OnemMeHT nogLwmnnHUK:

a — obwun cnydyan, 6 — obo3HayeHne Ha cxeme, 8 — Ban NpenCTaBMeH CTEPXHEBbIM
3N1eMEHTOM, 2 — BTYSKa NpeacTaBreHa CTEP)KHEBbLIM 3NIEMEHTOM.

1 — KOHTaKTHas TO4Ka, 2 — MOBEPXHOCTb OTHOCUTENBHOIO NOKaNbHOIO KOHTaKTa.

Jlis HeyAepKUBAIOIINX CBSI3€H pa3inyaloTcs CBSI3U C BAJIOM U BTYNKOW. CBS3b MEXIY
OCBIO U BaJIOM MOXET CYLIECTBOBATh TOJIbKO MPU HaIU4UUU JedopManuu cxatus. CBA3b MEXIY
OCBI0 U BTYJIKOW MOXET CYIIECTBOBATh TOJIBKO TMPU HaIM4uU JedopMalliu pacTsbkeHus. B
olmieM ciydae, HampuMmep, MPU MOAETUPOBAHUHU MIAPUKOBOTO TMOJIIMITHUKA, BaJl W BTYIKA
paszIUyaroTCs MO BeTUYMHE paanyca (OONbIINA paguyc - BTYIIKA).
Bo3MoxHBI, TakKe, ABa YaCTHBIX CIydas:
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Ban monenupyercs CTEp)KHEBBIM 3J1€MEHTOM. B 3TOM ciyuyae Bce OCTalbHBIE
y3J1bl CUUTAIOTCS TPUHAIEKALTUMH BTYJIKE.

Brynka MopenupyeTcsi CTEp>KHEBBIM 3JIEMEHTOM. B 3TOM ciiyyae y3ibl OCU I U |
CBS3BIBAIOTCS CO CTEP)KHEBBIM DSJIEMEHTOM, a OCTaJbHbBIE Y3Jbl CUHUTAKOTCSH
IPUHAJIEKALIUMU Bally.

Martpuia *KECTKOCTU 3JEMEHTa CBSA3BIBAET Y3JIbl OCH C y3JaMH MOBEPXHOCTEH Bayia U
BTYJIKM M OIPEAEIAETCS KaK COBOKYIHOCTb MAaTpHI] KECTKOCTU 3JIEMEHTOB BTOPOIO YpPOBHS,
KOKIBIA M3 KOTOPBIX CBSA3BIBAECT OJMH Yy3€J] MOBEPXHOCTH Baja WM BTYJIKH C Yy3JlaMU OCH.
PacuérHble cxembl Takoro sjneMeHTa IpexacrasieHsl Ha puc.3.15.3.2. Ilpu onpenenenun
MaTpuilsl kéctkoct (puc.3.15.3.2a) mosaraercs, 4To KECTKOCTh AJIEMEHTa COCpPEOoTOYCHA B
Y3JIOBO TOYKE MOBEPXHOCTH k, a 1ehopMaliust onpeaessieTcss Kak pa3sHOCTh MEXKIy €€ pealbHbIM
CMeIlleHHeM M cMenleHneM e€ mnpu orcyrcTBuu aedopmaumu. Ilpu stom  nedopmanuu
CUMTAIOTCS MaJIbIMU.
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Pnc.3.15.3.2. Pac4yéTHble cxeMbl KOHEYHOIO AnemMeHTa TMna noALUNHKUK:

a — K BONpPOCY NOCTPOEHNSA MaTPULLbl XXECTKOCTU, 6 — YYET XKECTKOCTU Toudek Bana (1) u
BTYNKM (2), 8 — YY4ET KECTKOCTM B HANpaBreHUM OCU NOALIMIMHUKA, I — YY4ET CUN TPEHWS.
1 — TOYKN, NpuHagnexawue Bany; 2 — TOYKWU, NPUHaANexawme BTysKe.

CMelleHnst ToYKu Kk B HATIPaBJIEHUM OCEH 0X W 0y MU OTCYTCTBUM Aedopmanuu (g, H g,
X v

COOTBETCTBEHHO) OMPEACIIATCS BBIPAKECHUSIMU
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l. I I
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Torna nedopmanus 31eMeHTa B HAIIPABICHUU OCEH 0X U 0y ONPEACIHUTCS KaK

&

9. —q.. B £,=q, —¢,

Janee, coBepiias OOBIYHBIN MEpPexo] K MaTpUYHOM ¢dopMe 3amucH MOIYYHUM MaTpHUILIbI
XKECTKOCTH, CBSA3BIBAIOLIUI Y3JIbl Bajla U BTYJIKH B IPOJIOJIBHOM M PaJHallbHOM HAllpaBICHUH.

B snemenTe paznnuaroTcs CBsSI3U C BAJIOM U BTYJIKON. CBsA3b MEXKIY OChIO U BAJIOM MOKET
CYIIECTBOBATH TOJIBKO MpH HaauuuM jaedopmaruu cxaTus. CBA3b MEXAYy OCBIO M BTYIKON
MOJKET CYIIECTBOBATH TOJIHKO MPH HAJTHUUU AePOpPMAIIH PACTSKEHUS.

Y3noBon nogwMnNHUK

V3710BOH MNOJIIUITHUK MPEAINOJIaraeT HEMNOCPEACTBEHHOE YKa3aHHE HOMEpPOB Y3JIOB,
KOTOpBIC CBS3BIBACT AJIEMECHT. B o0Iem ciyuae, Harpumep, Ipyu MOJCIUPOBAHUH IIAPUKOBOTO
HOALIMITHUKA, BAJl M BTYJIKA PA3JIMYAIOTCS 110 BENUYMHE paauyca (OoibIInil paauyc - BTYIIKA).

I'paduaeckoe oTrobpaskeHue IeMeHTa MpeacTaBieHo Ha puc.3.15.3.3.

DJIeMEeHT ONUCHIBACTCS CIEAYIOIMMH ITapaMeTPaMHu:

NV kAR WD~

[IpuBeneHHbIe )KECTKOCTH B HAIIPABJICHUH OCH U B PaJliaIbHOM HAIIPABJICHUH.
Macca.

Tun noxmmmHNKa (Baj, BTYJIKa, OOUIHMIA CiTydai).

KoapduumenT Tpenns no Tpymmmcs MoBepXHOCTSM.

Howmepa y310B opueHTHpYIOMNE OCh i j .

Howmepa y3noB, npuHauiexaiiye Baiy.

Howmepa y3noB, npuHauiexaine BTyJIKE.

Puc.3.15.3.3. OTtobpakeHne y3rnoBoro noAlwmnnHMKa Ha CXeme.
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3.15.3.2. MoAawnnHUK BUPTYanbHbIN

BupTtyanbHblii HOJIMIMITHUK aHAJIOTHuYEH y3J0BoMy. OTiMuue 3aKiIl04aeTcs B TOM, YTO,
KaK U BCE BUPTYaJIbHbIE 3JIEMEHTHI, IIPEII0JIAraeT ONPEAEICHUE y3JI0B, KOTOPBIE CBA3BIBAET, 110
UX PACIOJIOXKEHHIO OTHOCUTEJIBHO 3JEMEHTAa: CBS3BIBAIOTCSA Y3JIbl, HAXOIsIIMecs B 30HAX
3axBata. Cxema ompeneneHus 30H 3axBara mnpeacrtaBieHa Ha puc.3.15.3.4. 3oubl 3axBara
omnpenenstoTcs B JJokanpHO# cucteme koopauHaT (JICK) amemenTta xor. Och 0x SBISETCS OCHIO
noammunauka, Hayano JICK nexur B y3ne i, oCb 0X IPOXOOUT uepe3 y3el j, a paauyc r
oTpeeNsaeTcs NepIeHIUKYISIPHO OCH OX.

2

5/

Punc.3.15.3.4. Cxema onpefeneHns 3axeBaTblBaeMbIX Y3MOB AN KOHEYHOro 3fieMeHTa
TVNa BUPTYyaribHbIN NOSLWNMHUK.

1 —Ban; 2 — BTynKka; 3 — 30Ha 3axBaTa, NpuHagnexawas Bany; 4 — 30Ha 3axeaTa,
npuHagnexawaa BTyrke; 5 — saxeatbiBaemMble y3ribl.

3axBaThIBAIOTCS y3JIbl, X-KOOpAMHATAa KOTOPBIX HAXOAMUTCA B Mpeaenax oTpe3ka ij, a
paznyc KOTOPBIX 7/ HAXOIUTCS B 30HaX 3axXBaTa

Ry, -h<=R/<=R, - mgBaia

u

R, <=R;<=R,+h - nns BTyJIKH,

rae

R, = D, /2 panuyc Baia,

R, = D, /2 napyxxHslii paguyc,

h — pa3zmep KOHTPOIUPYEeMOi 00JIacTH,

D, n D, HapyXHbII 1uaMeTp U AMAMETP OCU MOJIIMITHUKA COOTBETCTBEHHO.



Nk W=

177

B of0mewm ciydae y31bl i M j HE JOJDKHBI CBSI3BIBATHCS HU C KAKHUMU JIPYTUMHU
JJeMeHTaMu. B 4YacTHBIX ciyyasix, Korja Baj WM 00oiMa MOJEIUPYIOTCS CTEpP>KHEM, Y3JIbl
CBSI3BIBAIOTCA C ATUM cTepkKHEM. IIpu 3TOM COOTBETCTBYIOLIMI CTEP)KHIO AMAMETP 3aJaETCS
PaBHBIM HYJIIO, T.€. €CJIM BajJl MOJEIUPYETCS CTepKHEM, TO Dy 3a1a€TCsl paBHBIM HYIIO, a €CIIH
BTYJIKA, TO 33aJAETCA PaBHBIM HYIIO Dy,.

Ha puc.3.15.3.5 npeacrasieHo n3o0paxeHue MOANTUITHAKA IIPOrPaMMON Ha CXeMaX.

Punc.3.15.5. OtobpaxkeHne BUPTyanbHOro NogLnnHUKa Ha cxeme.
a — cxemaTudeckoe otobpaxeHue, 6 — otobpaxkeHne B pexnme 06bEMHOro
oTOOpaXeHus CTEPXKHEN.

DJIEMEHT ONUCBIBAETCS CIELYIOIIUMHU ITapaMeTpaMHu:
Howmepa y3110B, onpenensonmx mojioKeHne ocu i uj .
Huamertp Bana Ds.
Hapyxnsiit nuamerp Dy.
Pazmep koHTponupyemoit obnactu h.
[IpuBeneHHbIE )KECTKOCTH B HAIIPABICHUH OCH U B PaJIMATIbHOM HalpaBJICHUH.
KosdduureHT TpeHus no TpyummMces HOBEpXHOCTSM.
Macca.
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3.16. N'mppaBnuyecknn gemndcep

OpnHOMEpHBIN 3JEMEHT, CO3JAIOLUI B y3JI€ CHJY COINPOTHUBIICHUS [BWKEHUIO [,

OTIPENIEISIEMYIO BBIPKCHHEM
F.= -KXx)|v|v,

rie  K(x) - KOHCTPYKTHBHBIH Kod(DPHUIMEHT, 3amaBacMblii B BHAC (YHKIHH OT
HepeMeneHst X, v - CKOpOCTh (ITPOM3BO/IHAS OT X II0 BpEMEHHU ). B kadecTBe X BBICTYHaeT
yKa3blBaMOE IOJIb30BATEJIEM B OIHMCAaHWUM JJEMEHTa  [EpeMEIICHHWE B HAIPaBICHUU
KOOPJMHATHON OCH WJIM YIJIOBOE IEepeMEIIeHHE B y3Jie, C KOTOPbIM CBsi3aH sneMeHT. Cuna Fe
NPOTIOPIIMOHATIbHA KBAJIPaTy CKOPOCTH W JCWCTBYET B HANPABJICHUU OOPATHOM CKOPOCTH V .
Cxematndeckoe wm300pakeHHE dJIeMeHTa mpezacTtaBieHo Ha Puc.3.16.1. DyHKkums MoxeT
3a]1aBaThCsl TAOJMYHO, WMETh MEPUOJ M OTPAHMYCHHBIH 110 apryMEHTY HHTEPBAJI JICHCTBHSL.

Puc.3.16.1. N'mgpasnuyeckun
aemndep. M3obpaxeHue anemeHma
Ha cxeme.

PeannzoBaHbl TpU BapuaHTa 3JIEMEHTA!

a) paboTaIOUINI OAMHAKOBO MPH TOJOKHUTEIEHOM U OTPUIATEIIBHOM 3HAYCHUH CKOPOCTH
B y3II€;

0) TOJIBKO TIPH MOJIOKUTEILHOM 3HaYeHUU cKopocTu (v>0);

B) TOJIbKO MPU OTPULATEILHOM 3HauU€HUU cKkopoctu (v<0).

KomOuHanust 1ByX IOCIEIHUX BAapUAHTOB IO3BOJIIET MOJIEIMPOBATH YCTPOMCTBA ¢
HECUMMETPUYHOU XapaKTEPUCTUKOM.
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3.17. MpyxuHa pacTsKeHUsI-CXxaTus

DJeMeHT MpenHa3HadeH Ui MOJCIUPOBAHMS IOBEICHUSA NPYKUH, pabOTAIOMMX Ha
pacTspkeHHe-ckatue. M3o0pakeHue 3JIeMEHTa, pealn3yeMoe IPOrpaMMOM, MPEeACTaBIeHO Ha
puc. 3.17.1. DnemeHT cBA3BIBAET /Ba y3ia (I U j), U XapakTepU3yeTcs Maccoil, xKECTKOCTHIO,
YCHWIINEM TPEABAPUTEIFHOTO TO/KATHUS, KOI()(DUIMEHTOM IMOTJIONICHUS SHEPTUH, U 00JIaCTHIO
paGOTbI — TOJIBKO Ha CXKaTHEC, TOJIbKO HAa PACTAKCHHUC U B oboux HaIlpaBJICHUAX.

Kpome Toro, mis Oonee pealMCTUYHOTO OTOOPaKEHHsSI BBOAUTCS AWAMETP BUTKOB
MPY>KUHBI.

Puc. 3.17.1.CxemaTudeckoe naobpaxeHue
NPYXXWHBbI.

Touku djeMeHTa 1O YMOIYAHHUIO CUUTAIOTCS BUPTYaJIbHBIMHM, €CJIIM HE CBSA3aHBI C
JAPYTUMU JIEMEHTAMM.
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3.18. AnemeHTHLI rMAPONpPMBOAA U NHEBMONpMBOAA

PaccmaTtpuBaemasi B TaHHOM pasjeiie Ipylla KOHEYHBIX 3JEMEHTOB XapaKTepU3YeTCs
HEOOXOIUMOCTBIO MOJIETTUPOBAHUS IIPOLIECCOB OJHOMEPHOIO TEUEHUS JKUIKOCTH WM ra3a Mpu
IIOCTPOGHUHM HX MaTeMaTuueckux Moaeneil. Teopernueckue OCHOBBI MaTEMaTHUECKOIO
armapara ONMUCaHUs ITHX SBJICHUN HM3JI0KEHBI B /24-27 u np./. HekoTopsie 2JIeMEHTBI TaHHOU
TPYyNIIbl MOAETHPYIOT TOJIBKO pa3JIMYHbIe Ciay4daw TedeHus pabouero Tena (TpyOONpPOBOJIBL,
IPOCCENId, Pa3BETBICHUS W Tp.), JIPYrHe OMHMCHIBAIOT pa3iIMyYHble BHUBI IPeoOpa3oBaHUN
SHEpPruu (TUAPOMOTOP, IMIMHIP-TOPIICHB), WIA B3aWMOJICHCTBHUA NOTOKa pabouero teia u
MEXaHUYECKUX dJEMEHTOB (OOpaTHBI WM TpeJoXpaHUTeNbHBIA KiamaH).  BcerenctBue
CJIO)KHOCTH pEAIBbHBIX IPOILECCOB, MPOUCXOIAIIUX TNPH paboTe YCTPOHCTB MOACITHPYEMBIX
3JIeMEHTaMU JaHHOW TPYMIbl, IPUHAT P YIPOLIAIOIIKUX AOMYIIEHUH, KaKk 001ero riaHa, Tak u
MHJMBUAYAJIbHBIX, PACCMOTPEHHBIX IPU OMMCAHUN KOHKPETHBIX 3JIEMEHTOB.

B kauecTBe y3JI0BbIX HEHM3BECTHBIX B y3JaX, Yepe3 KOTOpbIE MPOXOAUT MOTOK paboyero
TeJa, UCHOJIb3YETCSl TOJIBKO OJHO MEpPEMEILEHUE — JUIS )KUJKOCTH 3TO 00BEM JKUIKOCTH, a JJIs
raza 3To Macca paboyero Tena, MpOIIENIast Yyepe3 Y3JIOBYI0 TOYKY CXEMbI. YCJIOBHO 3TO
nepeMenieHle cooTBEeTCTBYeT (Jr - mnepememieHuto no ocu OX (puc. 3.18.1). Ilo stomy
HAIPAaBICHUIO B TAaKUX Yy3JaX 3a/al0TCs KWHEMaTHYeCKHe TpaHUYHBIC YCIOBUS MPH 33aJaHUU
UCXOJHBIX JaHHBIX. [Ipu ganpHeNIIeM H3JI0)KEHUN Y3JIbl 3JIEMEHTOB, Yepe3 KOTOPbIE MPOXOAUT
MOTOK pabouero Tena, OyayT Ha3bIBaThCs y3JIaMU MOTOKA pabouero Tena (KUIKOCTH, ra3a).

[Totox pabouero Tena paccMaTpUBaeTCs KaK BEKTOPHAs BEIMYMHA U XapaKTEpHU3yeTcs
HanpaBieHueM. Hampasienue nmoToka B y3i1e BEIOMpPAETCs YCIOBHO MpU (POPMUPOBAHUU CXEMBI.

IIpn CTBIKOBKE KOHEUHBIX 3JEMEHTOB B TaKHUX y3JIaX HE JOIYCKaeTCsi pa3BETBICHHUE
MOTOKA, T.€ B Y3J€ MOTYT COCOUHATHCS He Ooyiee ABYX KOHEYHBIX SJIEMEHTOB, MMEIOIIHUX
BHYTPEHHUN O00BEM U MPEANOJaraloIliux IMPUTOK (OTBOJ) >KUAKOCTU B y3ie. llpu stom
HAIPAaBIICHUS MTOTOKA Yy CTHIKYEMBIX 3JIEMEHTOB JIOJDKHBI COBIAAaTh. VCKiIIOUeHHEe COCTaBISIOT
AJIEMEHTHI, OMNMCHIBAIOLIME PA3JIMYHOTO POJIa CONPOTUBIEHUS (PEryIHpyeMbli JpOCCEb,
IIOCTOSIHHOE CONPOTHUBJIEHUE, THUAPOMOTOpP). OTH 3JIEMEHTHl CO3JAI0T Tepenaj AaBICHMS,
ONpeeNsieMbll YCIOBUSIMM JBUKEHHUS IMOTOKAa B y3Jie, W HE IPEINoJiaraloT U3MEHEHUs
KOJINYecTBa paboyero Tefna B y3ie.

B kaudecTBe y370BBIX YCWIMM B TakuxX y3jax MPUHATO JIaBieHHe pabouero Tena. [Ipu
3TOM JIaBJIEHUE KaK Y3JIOBOE YCUJIME SIBIISIETCS BEKTOPHOW BEJIMUMHOMW, T.€. MOJIOKUTEIBHOE 110
BEJIMYMHE JaBJIEHUE JIEWCTBYET 110 HAIPaBJICHUIO TOTOKA U HA00OPOT.

Ha puc.3.18.1. mpencraBineH  NpoCTEHIIMII NPUMEDP CTHIKOBKM JBYX YYacCTKOB
TpyOompoBosia (m W n ) B y3ie i TIOTOKa pabodero teia. YCJIOBHUEM paBHOBECHS OyaeT
ABIIATHCS PABEHCTBO HYJIIO CyMMBI BCEX CHJI, AEUCTBYIOUIMX B y3i1€. [lo3Tomy cymma BEKTOpOB
P™ w Pf™ npencrapisionpe coboi CyMMapHbIE JaBJIEHUs, JEACTBYIOIME B y3iI€ [  CO
CTOPOHBI JIEMEHTOB M W H .COOTBETCTBEHHO, JIOJDKHA OBITh paBHA HYNMIO. BeKTopHBIH
XapakTep JaBJICHHUS B y3JlaX JBWKEHHUS IMOTOKa pabodero Teja clieqyeT Y4YUTBIBaTh MpU
(bopMHpOBaHUN PACUETHOM CXEMBI U 3aJJaHUM TPAHUYHBIX yCIOBUH. JlaBlieHUs Kak mapameTpbl
COCTOSTHUS DJIEMEHTOB BBIUMCIISIFOTCS] OTJEIBHO U MIPU BBIBOJE PE3YJIbTATOB HHTEPIPETUPYIOTCS
KaK CKaJSIpHbIE BEJIMYMHBI.
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Puc. 3.18.1. YanoBble nepemeLleHns 1 paBHOBECKE Y3IIOBbIX CUIT B y3nax
notoka paboyero Tena.

K oOumm ycioBusiM M JOMYIIEHUSAM IPHU MOCTPOCHUU MOJENEN 3JIEMEHTOB OTHOCATCS
ClIeyIoIue:

-HYJIEBOE 3HaUCHHE JJaBJICHUS COOTBETCTBYET aTMOC(HEPHOMY JABJICHMUIO;

-HyJIeBO€ 3HaYeHue TeMuepaTtypsl coorBerctByer 0° C;

-paccMaTpuBaeTCsi OJHOMEPHOE JBUKEHHE pabovero Teia;.

-pabouee TeJo nojaraeTcs BI3KOyNpyrum;

-1 KUIKOCTH YIPYroe M3MEHEHHe o0bhEMa moJlaraeTcsi MajibiM, MOAYJIb OOBEMHOMU
YIPYTOCTH IOCTOSIHHBIM, a 3aBUCHUMOCTb MEXIY INepenanoM AaBiieHus AP ¥ OTHOCUTEIbHBIM
U3MEeHEeHHEM 00béMa ALy, BBI3BAHHOI'O 3TUM IEpEenaioM, JIMHEHHOM

AP = AQy Eye

rae E,c— 0O0bEMHBINA MOJYJIb YIPYTOCTH JKUIKOCTH;

-ra3 Kak paboyee Telo, moJjlaracTcs uaealbHbIM,

-[IPOLIECChI, NPOTEKAIOIMEe B rase, IMOJIaraloTcs aguabaTHYecKUMH (IPOUCXOdAT Oe3
TEIUI000MEHA C OKPYKAOIIEH cpetoif)

P/ p* = const,

rne P - naBieHue rasza, p- IUIOTHOCTb ra3a, k - IoKa3arenb aauadatbl.

Monynb 00bEMHOM ynIpyrocTH rasa E. onpenenseTcsi U3BeCTHbIM BblpaxkeHueM FE.= k
P.

Ha ocHOBaHuM OOIIMX W JONOJHUTENBHBIX JJS KOHKPETHBIX 3JIEMEHTOB JOMYIIEHUH
MOJIETIM AJIEMEHTOB 3alMChIBAIOTCA B TpaauluoHHOM st MKD Buzge, T.e. Kak ypaBHEHUE
PaBHOBECHSI Y3JIOBBIX CHJI, K KOTOPBIM IIPUBOJSATCS BCE BUBI CUJI, IEHCTBYIOLIME B JJIEMEHTaX.
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3.18.1. TpybonpoBop

DNeMEeHT CBSI3bIBAET JIBA y3J1a MOTOKa pabdouero tena i u j. Ilpu atom, uepe3 yzen i
paGouee TenO BXOOUT B DJEMEHT, a 4epe3 y3en  j BeIXOoaUT. PacuérHas cxema u
rpaduueckuil 00pa3 aJeMeHTa Ui IByX PEKHUMOB OTOOpaXeHUs MpeacTaBieH Ha puc.3.18.2.
OJeMEeHT XapakTepu3yeTcs JuamMeTpaMu KaHanaBy3naxi U j(D; u Dj COOTBETCTBEHHO),
TOJIIIMHOW CTEHKH /1 KOX(PPHUIMEHTOM MOTEPh 10 JAIUHE K; ¥ HOMEpaMH CBS3bIBAEMBIX y3JIOB
I u j.

s i1
g S
D!. '—I"'Qz —= j '—"-QJ JLDJ- S) h
¥ F_________—'—ﬁ_ﬁ_ﬁ_
- L -

Puc. 3.18.2. YyacTtok TpybonpoBoga: a — pacyéTHas cxema anemeHTa; 6 -
n3obpaxeHne Ha cxeme; 8 - n3obpakeHue B pexnme 06 bEMHOro oTobpaxeHus
CTEPXXHEWN UMW C YY4ETOM OCBELLEHUA.

[losokUTENBHBIM CUMTAETCS HAIlpaBJIICHHWE NIOTOKA OT y37a 1§ K y3iuy j . Jlmamerp
KaHaJIa 10 JUIMHE CTEpPXKHSA W3MEHSEeTCsA JIMHEMHO. YacTHBIM ciaydall — KaHal MOCTOSHHOI'O
ceuenus, korna . D; = D; .

PaccmarpuBaetcst oOmuil ciydail HEyCTaHOBUBIIETOCS JBMIKEHUS BS3KOM COKMMAaEeMOM
KUAKOCTH, MPEANOIaralolui y4€T CHJI MHEPLUU, U3MEHEHHE KUHETUYECKOW JHEPruu IOTOKa
BCJICJICTBME M3MEHEHHMs IUIOLIAAM CEYEHUs KaHaja IO JUIMHE JJIEMEHTA, YIPYroe HM3MEHEHUe
0o0BbEMa 1o IeficTBHEM J1aBJIeHHUs, M MOTeph JaBJeHUs 1o JuiMHe. PacnpenenéHHble Mo JUiMHE
CWJIBI MPUBOASATCS K Y3JOBBIM C HCIIOJIb30BaHMEM cTaHAapTHbIX it MKO mpuémos/21/. lns
JJAHHOT'O 3JIEMEHTA I10JIaraeTCs JIMHEWHBIM XapaKTep U3MEHEHHUS IEPEMEIICHUH, CKOPOCTEN U
YCKOPEHMH 10 JUIMHE 3JIEMEHTA, T.€. PacCMaTPHUBAETCS OJHOMEPHBIM CHMIUIEKC-IJIEMEHT.

Ecnmu B kauectBe pabodero Tesa HCHOJIB3YETCS MHCUOKOCMb, TO U3MEHEHHE 00béMa
BCJIE/ICTBUE YNPYroi nedopmanuy KUAKOCTU MOJaraeTcsl MajblM, a B KaueCTBE KOHCTAaHTBHI,
CBSI3bIBAIOIEH OTHOCUTENBHOE W3MEHEHHEe O00bEMa, W BO3HHMKAIOIIEe BCIEACTBUE ATOTO
JIaBJICHHUE, MCIONb3YeTCs MPUBEACHHbBIN 00bEMHBIN MOAYIb YIPYTOCTH Eyp, TTO3BOJSIOIUN C
JOCTaTOYHOM Ul NPAKTHUYECKUX pacd€TOB TOYHOCTBIO YYECTh MMOJATIMBOCTH CTEHOK
TpyOoOIpoBoOJa:

Enp:Em‘ /(1 +DEvfc/hEcm) 5

rae D — cpeanuii tuametp kaHana, £, — 00bEMHBIA MOYJIb YIPYTOCTH )KUJIKOCTH, /1
— TOJIIIMHA CTEHKHU, Ecm — MOIYJb YIPYrOCTH MaTepuasa CTEHKH.

[lotepu naBneHuss Mo JUIMHE TPyOONpPOBOAA BCIEACTBUE TPEHHSI OMNPEIEINIIOTCS
BBIPAXECHUEM

dp/dl = pye Am vae/2d

TA€  Px - IUIOTHOCTb KXUIKOCTH, Vi - CKOPOCTb JKHJIKOCTH B pPacCMaTpHUBAaEMOM
ceueHuH, d — JMaMeTp KaHala B paccMaTpUBaeMoM cedeHuu, A - koddduuumeHt
TU/IPABIMYECKOTO TPEHUS.

PeanuzoBano nBa criocob6a onpenenenus kodG@uimenTa ruipaBIndecKoro TpeHus A.
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B mepBom ciyuae 3a1aéTcsi KOHKpETHOE 3HaueHHe Kod(pQUIMEHTa TUAPABINYECKOTO
TpeHUS Ap., ONpenesieMoe IpeBapUTEIbHO MPHU MOATOTOBKE JaHHBIX. Bo BTOpoM ciydae An
BBIUHCIISIETCS 110 U3BECTHBIM 3aBUCUMOCTSIM

Am =75/Re , npu  Re<=2300,
Am =0.3164/Re’"% | nmpu Re>2300 ,
rae Re = pye vae d/ n — umcio PeliHonbica, 77 - AMHAMUYECKUN KOADPHUITUEHT

BS3KOCTH KUJKOCTH.

JUia peanuzanuu BTOPOro crnoco0a BBIUUCIEHHMM A Npu BBOAE HMCXOAHBIX JaHHBIX
3a7aéTcs OTPHULATENIbHOE 3HAYCHHME, PABHOE 10 BEJIMYMHE BBICOTE BBICTYIIOB LIEPOXOBATOCTU
MOBEPXHOCTHU TPYOBI B MM.

JU1s UICKIIFOUEHMS U3 PACCMOTPEHUS MOTEPh MO AJIMHE HEOOXOJUMO 3a1aTh An = 0.

Ecnu B kauecTBe paboyero Tena UCIoNb3yeTcs 243, TO 3aBUCUMOCTH, OIPEICIIAIONINE
COCTOSIHUE 3JIEMEHTA, OJy4YaroTCs IPU PACCMOTPEHNHN aauadaTHYeCcCKOro npolecca TeYeHUs
U7EaIbHOIO raza I0 KaHaly [EePEMEHHOIO CEYEHHUs.

[TnoTHOCTH Ta3a B paccMaTpuBaeMblii MOMEHT BPEMEHH OIpejessieTcss Kak Macca rasa,
HaXOJSIIErocs B OJIOCTH, OTHECEHHAsA K 00bEMY 1OJIOCTH (2

p=(mo + Qi =0 )&

rue

Qi -Macca pabouero Tena, BOIIE/IIAs B 3JIEMEHT;

Qj-Macca paboyero Tena BbILIEAIAs U3 DJIEMEHTA;

mo = pof2 - Macca pabo4ero Tena, HAXOANBIIASACS B YJIEMEHTE B HadaJIbHBI MOMEHT;

o - TUIOTHOCTH pabOoYero Tena B 3JIEMEHTE B HadalbHBI MOMEHT.

[InoTHOCTh M NaBJiE€HUE Ta3a B HAYaJbHBI MOMEHT BPEMEHHU 3aJar0Tcs NP 3aJaHUU
CBOMCTB pabouero Tena.

[Torepu naBaeHMS MO JUIMHE ONPEAEISIOTCS TaKXKe, KaK U JUISl AKHUIKOCTH.

JUIs JaHHOrO 3JIeMEHTa MapaMEeTpOM COCTOSIHHS SIBISETCS JaBlIeHHE paboyero Tena,
KOTOpPO€ MOXET BBIBOAMTHCS B BUAE TaOJMUHBIX 3HAYCHWH, TpauKOB, SMIOpP M LIBETHOU
3aKpacKu.

JUost aeMeHTa 3a/1a0TCsl CIeAYIOLIHE TapaMeTphl:

1. Homepa cBsA3BIBAEMBIX y3710B I U .

2. Juamertpsl kaHana B y3naxi u j(D; u Dj. COOTBETCTBEHHO ), MM.

3. Hmuaa L, mM. [Ipu 3apmanumn L = 0 jmnmuHA 3I€eMEHTa BBIYHUCISIETCS
MIPOrpaMMoOil M0 KOOPAMHATAM Yy3JI0B KaK (PaKTHUYECKOE PACCTOSIHUE MEXAY y3JIaMd [ U J.

4. Tonumua crenkn A, mm . Ilpu 3aganum h = 0 NOJATIMBOCTH CTEHOK
TpyOOINpPOBOJA HE YUUTHIBACTCS.

5. Kosdduuuent ruapasnnyeckoro tpeaus An. Ilpu 3aganum A, =0 mnotepu no

JUTMHE He yuuThiBatoTcs. Ilpu 3amanum A, < 0 BBINONHSIETCS BBIYUCICHHUE A, MO TEKYIIUM
3Ha4YeHUIM 4ucie PeliHoIbaca. .
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3.18.2. UunuHap-nopLueHb

DNeMEHT OIUCHIBAECT B3aMMOJICHCTBHE paboyero Tena ¢ Mapbl HUWIUHAP-TIOPIICHb
Kpyrioro ceueHusi. Pacuérnas cxema u rpaduueckuil oOpa3 sneMeHTa i JBYX DPEKUMOB
0TOOpaXkeHUs MpeAcTaBiieH Ha puc. 3.18.3.

JInst moCTpoeHuss MOJIENM 3JIEMEHTA UCIOJb3YETCs JIOKAJbHAs CUCTEMA KOOPAUHAT, OCh
0X KOTOPOI COBIAAAET C OChIO IIMJIMHJIpa. JJIEMEHT CBsA3BIBACT TpU y31a i, ju k. Uepes yzen
i pabouyee TeJIO BXOAUT B pabouylo MOJOCTh JIEMEHTa. Y3ell j HEMOJBUKEH U YCIIOBHO CBSI3aH
¢ mwmmHapoM. Hauano JokanbHOM CHCTEMBbl KOOPJIMHAT KOOPJMHAT 3JIEMEHTa COBHAJACT C
y3JIOM j, OCh OX MPOXOJUT Yepe3 y3ell k dJeMeHTa. Y3el kK YCIOBHO CBA3aH C MOPUIHEM U
MO>KET MepeMeNIaThCsl B HAMPABICHUH OCH OX JIOKAJIbHOM CHUCTEMbl KOOPJMHAT. Y3€l j CIYKUT
JUIsl OpUEHTALIMM DJJIEMEHTa B NPOCTPAHCTBE M MCHOJB3YETCSd B BBIYMCICHUIX Kak
MPOMEKYTOUHBIA y3€J, TIOITOMY C 3TUM Y3JIOM HE JIOJDKHO OBITh CBSI3aHO HUKAKUX JPArux
JJIEMEHTOB U Harpy3ok. JlaBmenme pabouero Tenma P BCIEACTBHE JCHCTBHS MECTHOTO
COTNPOTHUBIICHUS Ha BXOJIE€ B MOJIOCTh MOHMXKAETCS HA BeMUUUHy Ap u co3npaér ycwus £, c,
JIEHCTBYIOIIME HA TTOPIIIEHb, ONIPEIETIsIEMbIE BRIPAKEHUEM

Fy :(P-Ap)Sna

e Sy =n(D} - d.)/4 -nnomangs NOpIIHSL.

Bennuuna Ap onpenensiercs BEIWYMHOW MECTHOI'O CONPOTHUBJIEHUS HA BXOJAE B
MOJIOCTh M3 MPEIINOJIOKEHHS O PABEHCTBE HYIIO CKOPOCTH padouero Teia B MOJOCTH IO
Pa3IMYHBIM IS )KUAKOCTH U Taza hopmyinam /24,26/.

a) D P d,
4 i
f 3
AF ’
h) ¥ F f
~ = M: o gk—rx
G j » k
L J
L

6)
2)

Puc. 3.18.3. OnemMeHT uMnuHap-NopLleHb: a — pacyéTHasi cxema anemMeHTa; 6
- n3obpaxeHne Ha cxeme; 8 - u3obpaxeHue B pexnme 06bLEMHOro oTobpakeHus

CTEePXXHEW UMK C Y4ETOM OCBELLEHUS; e — n3obpaxxeHne anemMeHTa npu

NOMOXMUTENbHOM HanpaBfeHUn NoToka paboyero Tena «u3 anemMeHTa..

B snemenTte nelcTBYIOT, TaKkKe, CUIIBI TPEHUS  fmp , IPENSATCTBYIOIINE OTHOCUTEIBHOMY
MEPEMEIICHUIO UIUHAPA U MTOPIIHS U ONPENEIIIEMbIE BEIPAKEHHEM

Jop = fo + kmp (P - Ap),
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rie  fo - MOCTOSHHAs CWJIa TPEHHS, Kmp - KOXPPHUIMEHT MPOHNOPLHUOHATBLHOCTH,
OIIPEACIAIOIUI COCTABIISIONIYI0 CHIIBI TPEHUS, IPONIOPLMOHAIBHYIO JaBJICHUIO B ITOJIOCTH.

Texymmii 00béM mosocth W ,  HEOOXOAMMBIA JUISI BBIYUCICHHHA YOPYTUX U
MHEPLHUOHHBIX XapaKTEPUCTHUK, ONPEAEIIAETCS BbIPA)KEHUEM

Q=2+ Si(qg -q),

rie (% - 0o0BbEM MOJOCTH B UCXOAHOM IOJIOKEHHH.

Ecnn B kauectBe pabodero Tena HCHOJB3YEeTCS 2a3, TO PaccMaTpUBAETCS
annabaTU4eCKUi npouecc. IlnoTHOCTH Ta3a B paccMaTpUBAEMblii MOMEHT BPEMEHU
OIpeJIesIAeTCs KaK Macca raza, HaxosIIerocs B oJIOCTH, OTHECEHHAs K 00bEMY nosjoctu W

o= (mo +mi )/ W,
re mo -Macca paboyero Tesa HaxOJUBILASACS B 3JIEMEHTE B HayaJlbHbI MOMEHT.
m; -Macca paboyero Tena, BOLIEAIIas B JJIEMEHT,
m; = Q;— IIPU MOJIOKUTEILHOM HaIIPABJIEHUHU IIOTOKA B 3JIEMEHT,
m; =- (Jj— NP NOJIOKUTEIBHOM HalpPaBICHUH II0TOKA U3 DJIEMEHTA.

IInoTHOCTE M AaBlIeHME ra3a B HAYaJIbHBIA MOMEHT BPEMEHHU 3aJal0TCsS IPHU 3aJaHUU
CBOMCTB pabouero Tena.

Ilepexox OT JOKaJIbHOW K TIJI00AIBHOM CHCTEME KOOPJAMHAT —OCYILECTBISAETCS
TpaauuroHHbIM i1 MKD criocobom . YrioBas opueHTanus 3jieMeHTa 3aa€TCsl MOJI0KEHUEM
y3JI0B j M Kk ¥ CUMTAETCs MOCTOSHHOW M COOTBETCTBYET €r0 MCXOAHOMY IOJIOKEHHIO ( T.€.
2JIEMEHT HE MOJXKET coBepuiaTh Oosiblline nepemenieHus). Jljig onucaHusi cUCTEM, B KOTOPBIX
HE00X0AMMO paccMaTpUBaTh OOJNbIINE MEPEMELIECHUS CIeyeT M0Ib30BATHCS MPOMEKYTOUHBIM
AJIEMEHTOM C u3MeHsaeMoll junHoil. [lonoOHbII mpumep mnpexacrasieH Ha puc.3.18.4, rae ans
MOJIETIMPOBaHUS THAPOLMIMHIPOB 3KCKaBaTOpa HCIOJIB3YIOTCA COYETaHUsl pacCMaTpUBaEMBbIX
3JIEMEHTOB U CTEPKHS C U3MEHIEMOM JIJTMHOM.

PaccmarprBaeMble 371€MEHTBI B JAHHOM CJIy4dae J0JKHBI ObITh OPUEHTUPOBAHbBI CTPOTO B
HanpasyieHuu ocu OX 1in00aibHON CUCTEMBI KOOPAMHAT U CBS3aHbl Y3JIaMU, ONPEIEIIIIOIUMU
U3MEHEHHME JUIMHBI cTepkHed. CBOOOJHBIE Y3IIbI 3JIEMEHTOB 3aKkperuieHbl. OpHeHTanus B
HampaBiieHun ocu OX HeoOXoauMa M0 NpPUYMHE TOro, 4YTO KOOpAMHATa , ONpeelsroas
VU3MEHEHHUE JJIMHBI CTEPKHS, YCIOBHO HAIpaBJIeHa BAOJIb YKa3aHHON OCH.

OnemMeHT 007a7aeT BUPTYaJIbHBIMU CBOWCTBAMHU: BCE Y3JIOBbIE€ TOYKH, CBSI3aHHBIE C
JIPYTUMH 3J€MEHTaMM JaHHOM Tpynibl (Y376l HOTOKA) M HaXOJSIIMECs B MOJIOCTH JIEMEHTA WK
Ha €€ MOBEPXHOCTU CUMTAIOTCSI 3aXBAUEHHBIMHM M CBSI3BIBAIOTCS C IMOJIOCTHIO TaKXKe, KaK M JJIs
BUPTYyalibHOU ToJ0CTH (cM.11.3.18.16).

B sToMm ciyuae anemMeHT 0AHOBpEMEHHO padOTaeT KaKk pa3BEeTBIICHUE.

[TpocTeHIMM NPUMEPOM HCIOJIB30BAHUS JTOTO CBOWCTBA MOXET CIY)KUTh YYET
MepeTeyeK Yepe3 YIUIOTHEHUsS JBYXIIOJOCTHOIO LWIMHJIpA, MpPEACTaBlIeHHbIM Ha puc.3.18.5.
JU1st 3TOro TOCTaTOYHO B OOILEH MIIOCKOCTH MOPIIHEH PaclooKUTh MECTHOE COMPOTUBIICHHE C
IJTONIAJbI0 PABHOM MPEANOIaraéMon MiIomay 3a30pa.

Jlna onmcaHus cioyyaeB AEWCTBHS JaBIEHHsS Ha y4acTOK IOBEPXHOCTH B BHJIE KOJIbLIA
(paznuyHble y4YacTKM KIJIAMIAHOB M TIp.), PAaCHOJIOKEHHbIE BHYTPU Kakod JHOO TIOJOCTH,
peain30BaH 4YaCTHBIM Cllydald »3JIEMEHTa, YCIOBHO XapaKTEPU3YIOLIMMICS OTPHULATEIbHBIM
HavyaJbHbIM 00BEMOM. B »TOM cnyuae ycuiue F, mpukiaabiBaeTcsi TOJbKO K Y31y Kk, CHIIbI
TPEHUsI M MOTEPH JABJIECHUS NOJaraloTcs oTcyrcTByromuMu. Ilpu sTom cuna F, onpenensercs
[0 JABJIEHMIO B 3TOM MOJIOCTH U PacCMaTPHUBAETCS] KaK BHEIIHSAS MO OTHOLIEHUIO K Y31y K, T.e.
y3€el i TOJDKEH CBSA3BIBATBHCS C Y3JIOM IIOTOKA, B KOTOPOM OIpenesercss TpedyeMoe JaBlieHHe.
DneMeHT B 3TOM ciy4yae HE 3aMblkaeT MOTOK. M300pakeHune 3TOro BapuaHTa 3J€MEHTa Ha
rpaduUecKux cxemax MpejcTaBieHo Ha puc. 3.18.6.
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OpMeHTAallMA
oCe TCE
b

Z #

Puc. 3.18.4. Vicnonb3oBaHWe 3rieMeHTOB LMINHOP-NOPLUEHb B COMETAHUN CO
CTEPXHAMMU C UBMEHAEMOMN ANUHON: 1 — 3NeMeHTbl LMNUHAP-NOPLUEHD;
2 — CTEPXXHU C NU3MEHAEMOWN ONNHOMN.

——

L zZ X

Puc. 3.18.5. BupTyarnbHble CBOMCTBa 3fieMEHTA UUNUHAP-NOPLIEHb: a — pac4E€THas
cxema; 6 — KOHe4YHo-arieMeHmHasi Mooersib. 1 — nepemeyku Yyepes
yrriomHeHue, 2 — MECMHOE CorpomuesrieHue ydumsiearoujee rnepemeyku.
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6)

Py

)

Puc. 3.18.6. YacTHbIn cnyyan anemMeHTa UunuMHAp-NopLUEHb: a — u3obpaxeHne Ha
cxeme; 6 - wu3lobpaxeHne B pexmme OOBLEMHOro OTOOpaXkeHus
CTEPXXHEWN uUnm ¢ y4ETOM OCBELLEHMS.

Jljid sneMeHTa 3aJaroTcsl CAEAYIOUIUE TapaMeTphI:

Howmepa cBsi3biBaeMbIX y310B i, j, k .

[TonoxuTenbHOE HAMPABICHUE MTOTOKA B y371€ i ( B 3JIEMEHT WJIM U3 DJIEMEHTA).

Hunamerp munuuapa D, MM.

Huamerp wmrToka dw, MM.

JluameTp oTBepcTUd MOABOJA paboyero Tena  dp, MM.

O6GBEM IIONOCTH B MCXOAHOM INOJIOKeHHH, MM® . IIpu 3aJaHUM HYIEBOTO 3HAYEHHS
00BEM OrpeAenseTcst 0 TEOMEPTHIECKUM pa3Mepam (MMPOU3BEACHHE 3aJaHHOM TIIOMIAIN
MOPIIHS HAa PaccTOsSHUE MEXAY y3iaamHu i u j). [Ipu 3amanuu oTpUIIaTeNbHOTO 3HAYCHUS
AJIEMEHT CUUTAETCSA HE3aMKHYTBIM.

7. [Tocrosinnas cuna tpenus fo ( H) u kosdduument tpenus krp, , H/la.

I e
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3.18.3. MecTHbIe NOCTOSsIHHbIE U perynupyemMbie COnpoTUBIIEHUSA

DneMeHT TpeAHa3Ha4YeH /Jisi OMUCAHUs MECTHBIX CONPOTHUBIICHUM JIBUKEHHUIO TMOTOKA
pabouero Tena v co3AaéT nepenaj AaBleHul B y3ie AP, IpensTCTBYIOMIMMA JBUKEHHUIO TOTOKA.

[Ipy wucnonb30BaHUM B KadyecTBE pPadOuUero Tejla JHcUOKOoCmu  TIaJiIcHHE JaBJICHUS
OTPEIETSAETCS BEIPAKEHUEM

AP =& pye vue’/2,

rie & - KO3(PUIIMEHT CONMPOTUBICHUS, 3a/JaBaCMbIi B HCXOJHBIX JTaHHBIX |
OTIpeeIIAIONINN XapaKTepHbIe 0COOEHHOCTH MOJIETTUPYEMOI0 YCTPOMCTBA,

Voe = Ve /So — CKOPOCTBH JKUJIKOCTH B Y3JI€,

Ve = dQx /dt- 00bEMHBIN pacXo]] )KUJKOCTH B Y3II€,

So - TIIOIIA b OTBEPCTHS UCTEUCHHUSI.

[Ipu ucnonp3oBaHMM B KayecTBe pabouero Tena e2a3a TEpemnaj JaBJICHUN B y3ie
JABJICHUS OIpEeNessieTcsl UTePAllMOHHBIM IMyTEM W3 ypaBHEHUU ABMXKeHUs rasza /24 - 27/ nns
CIIy4aeB JOKPUTHYECKOTO W KPUTHYECKOIO IMEpernaaa JaBJIeHU Ha Bxoae P; W BeiIxoge P>
JPOCCENIUPYIOIETrO JIEMEHTA.

I[Ipy 3TOM BXOX H BBIXOJl B paccCMaTPUBACMbIi MOMEHT BpPEMEHHU OIPEICIISICTCS
HaIpaBJIEHUEM JIBIKEHUS TIOTOKA uepes y3el, T.e. P > P> .

s mepBoro cinydast (npu P>/ P; > [ )

2 B+l

k P\t (P )*
P p, ol B = |
P, ) P, )

G, =pus, (2
2 = Moy k—].

a npu PZ/P]<:ﬂKp

— 2
Ga:#agaﬁplpl k[ !

k+1)
1

o= —

L B
e =< -K03(pHULMEHT pacxo/a,
1 - TUNIOTHOCTH Ta3a Ha BXOJIE B DJIEMEHT

L
- N T
I L
1

P \k+1) -KPUTHUYECKUH nIepenas JaBIeHUN.

Perynupyemoe MeCTHOE CONPOTHUBIIEHUE OTINYAETCS OT IMTOCTOSHHOTO TEM, YTO IUIOIIAb
€ro TMPOXOJHOTO cedeHus:i S, 3amaércs B BHUAE TaOJUYHON (YHKIMH OT KaKOro-Tudo
NepeMELIEHM B Y3I€ j ,

S = :
? f(Q’) rne [ = x, ¥, z...,

BpEMEHH {, WK Temneparypsl 7.
N300pakeHust 371eMEHTOB Ha rpa)nyeckux cxemax MpeacTaBieHsl Ha puc. 3.18.3.1.

N 6) ©

Puc. 3.18.3.1. Npacmyeckune nsobpaxeHna MECTHbIX CONPOTUBIIEHNI HA CXEME:
a — NOCTOSAHHOE conpoTuBrieHue; 6 - perynupyemoe ConpoTMBIIEHME.
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Jlns anemMeHTa 3a7aroTcs CIEAYIOLME apaMeTphl:

1. Homep y31a i, B KOTOpOM JEHCTBYET CONPOTHUBIICHUE. [ peryaupyemoro
COIIPOTHBIICHUS 33/1aéTCA HOMED y3/1a j M HalpaBiICHUE NEPEMELICHUs, ONPEEIIAIOIIEro
BEJIMYMHY IMPOXOJIHOTO CEUCHHUSI.

2. [lnomaas NpOXOAHOTO cedeHus S, , MM>. Jljis perynmmpyeMoro COnpOTUBJIEHHUS
3amaéTcsl B BUJE TaONMLBI 3HAYEHUH, PACIONOKEHHBIX B IOPSJIKE BO3pacTaHUs apryMeHTa
(YnpaBJIIOILEro NEPEMEICHUS).

3. Koaddurment
O0COOCHHOCTH 3JIEMEHTA.

Jl1s1 IOCTOSIHHBIX CONPOTHUBIIEHUN INPEAYCMOTpPEHA BO3MOXKHOCTh BBOJa MX THUIIOB U
FeOMETPUUYECKUX XapaKTepUCTUK. Peann3oBaHHbIE TaKMM OOpa30M 3JIEMEHTHl KOHCTPYKLUMN
npeacTasieHsl B Tadbmuie 3.18.1

compoTtuBiieHUsT & XapakTepU3YIOIIUH  KOHCTPYKTHUBHBIC

JIns1 TOCTOSTHHBIX CONPOTHUBJICHUH MPETyCMOTPEHAa BO3MOXXHOCTH BBOJIA UX THUIIOB M
TEOMETPUUYECKUX XapaKTEPUCTHK. Peanu3oBaHHBIE TakKUM O0pa3oM 3JIEMEHTHl KOHCTPYKIUH
npeAcTaBieHsl B Tabmwmie 3.18.1.

Tabnuya
3.18.1.
Ne Cxema HaumenoBanue [TapameTpsbl
T1/T1 (MM, Tpan ).
1 2 h Bxon noToka B npsimyro D — auameTp npoxXogHOro Ce4eHUs
H- TpyOy IOCTOSIHHOTO S — TonmuHA CTEHKH TPYObI
[ CEUCHHS, 3a/ICIIAaHHOI B h — paccrosHue 10 CTeHKH
D -|- CTEHKY NOJ NPSIMBIM yTJIOM
2 Bxoja notoka B npsimyro D — auameTp npoxXogHOro Ce4eHus
e || — TpyOy MOCTOSIHHOTO CEYEHUS R — panuyc obpa3syroieii kojuiekTopa
T IIPU HAJIMYHU KOJUIEKTOpa
3 Bxojx notoka B npsimyro D — auameTp npoxXogHOro ce4eHus
TpyOy OCTOSIHHOTO CE4EHHs R — pagnyc obpasyromeii koyurekTopa
IpU HAJIMYUHU KOJUIEKTOpa U
CTEHKH
4 Bxopx noroka B mpsmyro D — nuameTp nIpoxogHOro Ce4eHMsI
TpyOy MOCTOSIHHOTO CEYEHUS S — ToNMHA CTEHKU TPYObI
IpY HAJIMYUH SKpaHa h — paccrosHue 10 sKpaHa
5 Bxopx noroka B mpsmyo D — nuameTp nIpoxogHOro Ce4eHMs
TpyOy MOCTOSIHHOTO CEUEHUS R — paguyc obGpa3yronieid KomiekTopa
IpU HAJIMYUHU KOJJIEKTOpa U h — paccrosHue 10 sKpaHa
JKpaHa
6 Bxopx noroka B mpsmyro D — nuameTp nIpoxogHOro Ce4eHMs
TpyOy ¢ KOHyCOM pH a — yroJ KOHYCHOCTH
HAJTMYMH SKpaHa h — paccrosiHue 10 PKpaHa
7 Brixon noroxa u3 npsmoin D — nuameTp npoxogHOro ce4eHus
TpyOBI MOCTOSIHHOTO S — ToNIIMHA CTEHKH TPYOBI
CEUCHHUS, 3a7eJIaHHON B h — paccrosiHue 10 CTECHKH
CTEHKY IIOJI IPSIMBIM YTJIOM
8 Brixon noroka B IpsAMYo D — nuameTp npoxogHOro Ce4eHMs
—{D-— TpyOy IOCTOSIHHOTO CE4YEHHMsI R — pagnyc obpasyromeii koyekTopa
E.Ah IIPU HAJIMYUU KOJUIEKTOpa h — paccrosinue 1o skpana
9 BresamHoe pacmmpenue D — guameTp npoxXogHOTO CeYEeHHUS
D- o1 MTOTOKA D1 — mnameTp pacMpeHHOro yJacTKa
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10 T Buesannoe cyxenue D — nnameTp npoxoaHOTo ceUeHus
Ol .DI. MIOTOKA D1 — quameTtp pacuIMpeHHOro y4acTka
11 4 Juddyzop xormIeCKHiA D — nqmameTp mpoXOqHOTO CeUCHNUS
Jo-n1 D1 — nuameTtp pacmmpeHHOro ygactka
— YToJ KOHYCHOCTH WM ITHH
H a 0J1 KOHYCHOC ah
e
12 a Kon¢y3op xonnueckuit D — nuamerp mpoxogHOro ceyeHust
D 1-nl- D1 — quameTtp pacuIMpeHHOro y4acTka
— YroJ KOHYCHOCTH WM JITHH
T a 0J1 KOHYCHOC ah
2L
13 B D Koneno npsamoe D — nuamerp mpoxogHOro ceyeHust
MOCTOSTHHOTO CEYEHHS R — pagnyc m3ruba
14 B D Koneno npsamoe D — nuamerp mpoxogHOro ceyeHust
COCTaBJIEHHOE U3 YETHIPEX R — paanyc uzruba
3BEHbEB MOCTOSIHHOTO
CCUCHUS
15 Koneno npsamoe D — nuameTp nmpoxoJHOTO CeYeHUs
COCTaBJIEHHOE U3 TPEX R — pagnyc m3ruba
3BEHbEB MOCTOSIHHOTO
CCUCHUS
TBO/I TUTABHBII — IUaMeTp MPOXOTHOTO CCUCHHS
16 O D
R — pagnyc usruba
4 a — yroj usruba

JUis perynupyeMoro Apocceiss BO3MOXKEH YYET CONPOTHUBIICHHS IIEPEMELIECHUIO 10
YIIPaBJIAIONIEH KOOpAMHATE, 00YCIOBICHHBIN KOHCTPYKTUBHBIMH OCOOCHHOCTSIMH YCTPOHCTBA.
Y4YUTBIBAIOTCSA CIACAYIOIIHE CUIIBI.

1. TlocrosiHHas cuiia (MOMEHT) TPEHUS B YIUIOTHEHUAX Frp.
2. TlocrosiHHAs CHIIa IPOTIOPLIMOHATBHAS JABJICHHIO
Fp = kaCPa
rne
Pp=0.5(P1 + P2) — cpenHee 1aBIEHUE B ITOJIOCTH JIEMEHTA,
P1 v P> —naBieHUs Ha BXOJIE U BBIXOJIE M3 DJIEMEHTa COOTBETCTBEHHO.
B mpocreiitiem cinyuae, npenacraBieHHoM Ha puc.3.18.3.2, k, paBHsercs muiomanu
MOPIIIHS, TIEPEKPHIBAIOIIETO KaHaJ.
3. Cuna TpeHus, NpoNOPIUUOHAIbHAS Mepenay AaBIeHUH Ha SJIeMEHTe.
Fq= kd(Swax = St) (PZ-P]) Pcp,,

riue
S — MaKCHUMaJIbHAs TUTOMIAh TIPOXOIHOTO CEYCHUS U3 3a/IaHHBIX B TAOJIHUIIE,
S —IJIOIA/b TPOXOJAHOTO CEYEHUSI B pAaCCMaTPUBAEMbIi MOMEHT.

B npencrasnennom Ha puc.3.18.3.2, npocreiiem cinydae, k¢ paBHsiercss KoddhdupmeHTy
TPEHHsI Ha MOBEPXHOCTH KOHTAKTA TIOPIIHS C KOPITYCOM.

Puc. 3.18.3.2. K Bonpocy onpeaeneHust cun
AENCTBYIOLNX Ha ynpaBnsaoLwmm opraH; 1 — kopnyc
YCTPOWNCTBA, 2 — 3anvMparowmnmn SnemMeHT (MopLleHb).
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3.18.4. 'mppoHacoc-rmapomMmoTop

DOJeMeHT NpeaHa3HayeH sl MOJCIUpPOBAaHHUS THAPOMOTOPOB W THIPOHACOCOB -
YCTPOMCTB, MPeoOpa3oBaHMs SHEPTUU JABMXKEHUS MOTOKA KUIAKOCTH B MEXAHUYECKYIO SHEPTHUIO
BpaIlEHHs Baja U HA000POT.

Pacuétnas cxema wu rpaduueckuii 0o0pa3 3JIeMEHTa mNpeacTaBieHbl Ha puc.3.18.7.
DneMeHT , B 001IeM cllydae, CBSI3bIBAET YEThIPE Y3JIOBBIX TOUKU -4, j, k u [ . Kpyrsamuid
MOMEHT M,y TpUIIOKEH B y3i1€e j . VY3en i CIyXWT AJi1 OpPUEHTAllMU Baja B W ,
CIIeZIOBAaTENIbHO, HAMpaBJICHUS KPYTAIIEr0O MOMEHTa B mpoctpancTtBe. Och Bajla IPOXOIUT
yepe3 y3iabl i u j. Uepezy3zen k mpoxoauT mOTOK xkuakoctu. Ilepemermienue y3na [/
orpeaenseT padbounit 00bEM MOIETUPYEMOTO YCTPOICTBA.

Puc. 3.18.7. SnemeHT rugpoHacoc-ruapoMoTop: a — pacyéTHasi cxema
anemMeHTa; 6 - n300pakeHUe Ha CXEME.

DJeMEHT CBA3BIBACT Y3JIOBBIC MTAPAMETPHI CIEAYIOMIMMHU YPABHEHUSMH.
1. Ilpu paGote B pexuMe THIPOMOTOpa KPYTAIMIUKA MOMEHT M,  ompenensercs
YpaBHEHHEM:
Myp = nu AP
TA€ 7w - MeXaHW4eckuil kod((PUIMEHT MOJEe3HOTO IeHCTBUS,
) =+ K w1 - pabouuit 00bEM ruApOMaIINHBL,
() - pabounii 0O0BEM THAPOMAIIMHBI B UCXOIHOM TOJIOKEHUH ,
K w - k03ddULIMeHT npu yIpaBIsIONIeM epeMeneHn! ,
Q1 - ynpasisitoniee nepemenieHue B ysie / ,
AP -mepenaj 1aBJIeHUS CO3/1aBa€Mblil THAPOMAIIIMHOM B y37I€ MOTOKA paboyero Tena.
Y01 noBopoTa Bajia BOKPYT OCH 0X
Px = 1w L%/ D
A€ 7w - 00bEMHBIN KOA((UIIMEHT MONEe3HOTo ACHCTBHS,
£ = Ok -00bEM  KUIKOCTH, .TIPOLICIIINIA Yepes y3en k ( y310BOe MmepeMeIieHue.

1. Ilpu paboTe B pexxume Hacoca:
AP = nu My / €%, nu Wi= nw ¢x £

Koodpdummenr 7y - xapakrepusyeT NOTEpU HA TPEHHE B YCTPOWCTBE, 7w - IOTEpH
BCJIEJICTBHE TIPOTEUEK.

Jlns aneMeHTa 3a7atoTesl CIeAyIoIne MapaMeTphl:

1. Homepa cBsi3bIBaeMBIX y370B i, j, k u [, Baja M HampaBJ€HUE YIPABISIONIETO
nepemenieHus B y3ne [/ . Jlng rugpoMamiviH ¢ MOCTOSHHBIM pabounM oObEMOM y3en [ He
yKa3bIBAaETCSl.
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2. HampaBnenue BpamieHuss — Baja (IIOJIOKUTENBHOE WJIM OTPULATEIBHOE) IIPU
MOJIOKUTEIHLHOM HalpaBJIEHUH MTOTOKA B y3Je K.

3. Pa6ounii 00bEM B HCXOIHOM MOJIOKEHUH {2, MM>/00.

4. g THAPOMAIINH C PEryaupyeMbiM padounM oObEMOM 3amaércst kodddumueHt Ky
IIPU MEPEMEILIEHUH YIIPABIAIOMIEM pabouyuM 00BEMOM.

5. Mexannueckuii KOAQPHUIMEHT MOJIE3HOTO IEHCTBUS Ty, % -

6. O0BEMHBIN KOA(D(OUIIMEHT MMOJE3HOTO NEHCTBUS  Nw , % -
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3.18.5. lNpegoxpaHnMTenbHbIN N OOPaTHbLINA KnanaH

DONeMEeHT MpeAHa3HauYeH Uil MOJAEIUPOBAaHUSA IPEIOXPAHUTENIBHBIX U OOpaTHBIX
KJIAIIAHOB KaK ¢ Y4€TOM MAacChl 3alUPAIOILIEro 3JIEMEHTA, TAK U B YIPOLIEHHOM BapHUaHTE, KOT1a
BpeMs cpabaTbIBaHHUS YCTPONCTBA HE SIBISCTCS ONPEACIISIONINM.

Pacuétnas cxema wu rpaduueckuii oOpa3 sjaeMeHTa MpeacTaBieHb Ha puc. 3.18.8.
DONEeMEHT CBA3BIBAET JBa y3J1a [IOTOKA JKUIKOCTH -I U j, W Yy3€l, CBA3aHHBIN C 3aIIMPAIOIIUM
3JIEMEHTOM k. DIIEMEHT MMEeT JBE MOJOCTU: MOJOCTh MO/ABOAAa paboyero Teja, CBA3aHHYIO C
y3JOM I , U BBIXOAHYIO IOJIOCTb, CBSI3aHHYIO C Y3JI0M ;. B IOJIOCTAX NEUCTBYIOT NaBiieHUs P;
n P; coorBerctBeHHO. IIpyxkmHa | B MCXOAHOM IOJIOKEHUU YIEPKUBAET 3alMPArOLIUN
9JIEMEHT 2 B MOJOXKEHHH 3 (KJamaH 3akpbIT). Pabodee Teslo mocTynaer B MOJIOCTh MOABOAA, U
IIPU TOCTUKEHUU PA3HOCTH JABJICHUN P; u P; BEeIWYMHBI, PABHOUM JABJIECHUIO HACTPOUKU Py
NepeMeIaeT 3alupaloNii IEMEHT Ha BEIUYMHY /; , OTKPBIBas KaHAI JAJS MPOXOXKICHHS
pabouero tena. [Ipm 5TOM BenMuUMHA TEPEMENICHUS 3aMHUPAIOLIETO 3JEMEHTa HE MOXKET
MIPEBBIIIATD BEIMUUHBI Hmax , SIBISIONMIEHCS KOHCTPYKTUBHOU XapaKTEPUCTHUKON yCTPOMCTRA.

%) jtg.i" Fop

1
k [ ]
&) 4
5
2
. i
g
{
Puc. 3.18.8. OnemeHT npeaoxpaHUTENbHbLIA KnanaH: a — pacyéTHasa cxema

anemeHTa; 6 — m3obpaxeHune Ha cxeme. 1-nNpyxuHa, 2-3anuMparolinin 3NemeHT, 3-
NCXOAHOE MOSoXEeHNE 3anMpatoLero arieMeHTa.

C MoMeHTa OTKpbIBaHMS KIamaHa J0 JOCTWKEHHS 3alUpAOUIMM  3JIE€MEHTOM
MakcuMainbHOTo niepemetnenust (mpu 0<Qi</mqx) €ro IBUKEHUE ONMKUCHIBACTCS YPaBHEHUEM

m, T _(p_P)s —F, -k 0,

F
dt
rJie m; - Macca MOJBMKHBIX YacTel 3aluparoiiero IeMeHTa,
Sp = nd’ /4 - nnomanb AeiicTBUS JaBleHHs pabouyero Tena Ha 3alUPArOIIHil
JJIEMEHT,
d, - 1MaMeTp KaHaJia IoJIBOJIA,

Fy- yeunue nipeiBapuTEILHOTO IOKATUS IIPYKUHBI,

knp- KECTKOCTD MPYKUHBIL.

JlaBneHue, COOTBETCTBYIOIIEE MOMEHTY OTKpbIBaHMsS KilanmaHa Py , Ha3bIBaeTcs
JTABJICHUEM HAaCTPOWKH U ONpENENseTCs BelpakeHneM Py = Fy S.

[Ipy oTKpbIBaHMM KjamaHa MOTOK pabodero Tena MPOXOTUT uEpe3 3a30p MEXKAY
3aMUPAIOLIUM JIEMEHTOM M KopiycoM. [Inomane cedenus nmoroka B Mecte o0Opa3oBaHUs 3a30pa
S5 onpenensieTcs BEIpaXKEHUEM

S; =K h; 5
rae Ks — MHOXKUTENb OIPEAeIseMblid TEOMETPUYECKUMHU IIapaMeTpaMu MOJAEIUPYEMOU
KOHCTPYKIIHH.
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Jna mpocreliniero ciydas, HpelacTaBieHHOro Ha puc.3.18.8a. miuomans OTBEpCTHS
UCTEUEHHUS MOXHO CUUTATh

PaBHO#M MOBEPXHOCTH IMJIMHJPA, 00pa3yeMoro KpOMKOM ce/jia KilarnaHa U 3aluparoiiuM
3JIEMEHTOM, TOT/a

S;=mnd, h; , Torna K =nd,

MecTHOE CONPOTHBIICHUE B ATOM CEUYCHHMH CO37aéT Tepenan AaBieHud B y3ne AP,
MPETSTCTBYIONIMIA TBHKEHUIO TIOTOKA.

[Ipu uCmoNB30BaHMHM B KAuecTBE pPa0OYero Tella MHcUOKOCMmU — TIAJICHUE JIaBJICHUS
OTIPE/ICIIETCS BRIPAKCHHEM

AP =¢& pye (vi?=vi?)/2,

rie ¢ - KOOhOUIMEHT CONPOTHBIICHUS, 3a/laBaeMblii B HCXOJHBIX JaHHBIX W
OTIPEICIISAIONINI XapaKTEepPHbIE KOHCTPYKTHUBHBIE OCOOCHHOCTH KOHCTPYKIIMU KIIanaHa,

v; = Vi /S; — CKOpOCTB KUKOCTH B 3a30p¢€,

vi = Vi/Sp — CKOPOCTbH KUIKOCTH B KaHAJE,

Vi = dQ; /dt- 06bEMHBII pacXoa KUAKOCTHU B y3Iie i

[Tpu ucnonp30BaHNM B Ka4ecTBE pabodero Tela 2a3a TaJCHHUE JABICHUS ONPEIEISICTCS
UTEPAIMOHHBIM MTYTEM U3 YPaBHEHUH JBIKCHHS ra3a /24 - 27/ i ciy4aeB JOKPUTHUECKOTO U
KPUTHYECKOTO TIepernaia aaBjieHuii Ha Bxoae (P;) U BbIXoJze (Pj))  nmpoccenupyromiero
JJIEMEHTA .

Jst mepBoro ciydast (npu P/ Pi < By )

2 i+l

k P\ (Pt

2 Pp||—1 —|—=1
k-1 P:'/' P:‘J

)
Il
&

IMtf:l

3

a upu P>/ P; >= By

M P
rae A1+ 8 - koa(unmeHT pacxona,
i - TUIOTHOCTH Ta3a B IMOJIOCTH TTOBOJIA.

Jlis ieMeHTa 3a1aroTCs CIIENYIOLUE TapaMeTphl:
1. Howmepa cBsi3piBaeMbIX y3710B I, j, k .
JuameTp oTBepcTHs MoABOAA dn , MM.
KéctkocTb npyKuHbl knp-, H/M.
Jasnenue Hactpouiku Py, Mma.
Macca noIBM>KHBIX 4acTeH 3alIMParoIIEero IEMEHTa s , KT.
MaxkcuManbHBIN X0J1 3aIIMPAIOIIET0 IEMEHTA Amax, MM
7. MHOXUTENb B 3aBUCMMOCTH IUIONIAJM OTBEPCTUS MCTEUEHHUS OT NEepeMENICHUS
3anuparolero snementa Ky, MM%/MM
8. Koad¢unuent conporusienus &.

AN
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3.18.6. T'mapoakkymynaTop

DJIeMEHT TpeaHa3HA4YeH ISl MOJCIUPOBAHUS MHEBMATHUYECKUX THAPOAKKYMYJISITOPOB -
HaKOMUTeNIeH OJHEepPruM JUid MOCIeAyrolmeld e€ OTAayd B KOPOTKHUE MHTEPBAIbl BPEMEHHU.
DNeMEeHT  MOJACIUPYET MHEBMATHYECKHE TUAPOAKKYMYISATOPHI C  CHIL()OHOM WU
HEMOCPEACTBEHHBIM KOHTAKTOM KHJIKOCTHU U raza, HaKaIuIMBAIOIIETo SHEPTHUIO.

PacuérHas cxema U rpaduueckuii o0Opa3 3jeMeHTa NpeacTaBieHbl Ha puc. 3.18.9.
DJIEMEHT CBSI3aH C OJHOM Y3JI0BOM TOYKOM IOTOKAa >KUAKOCTH I, B KOTOPOW OIpEaeeHO
nepemenieHue ., paBHOE Macce >XKUJKOCTH, IMpolenenied yepe3 ysen.  JlaBinenue raza Pr
JEHCTBYET Ha XKHUAKOCTb, CTPEMSICh BBITECHUT €€ M3 BHYTpeHHee MojocTu 3iementa. [Ipouecc
pacuIMpeHHsl M CKaTusl raza IojaraeTcs IMOJMUTPONHBIM, M JIaBJICHHE Ta3a B MOJIOCTH
TUIPOAKKYMYJISITOpa ompezensercs no Gopmyse:

Pr = Py (£/ (£ -£2))" ,
rae, Po - AaBJICHUE B UCXOIHOM TOJIOKCHUH;

£)y - 00beM raza B HCXOJHOM IOJIOKEHUU;

n - TIOKa3aTellb MOJUTPOIIBI,

(). - 00bEeM KHUJIKOCTH BOUIEAIICH B aKKYMYJISITOP.

Jnst s;meMeHTa  TpeAyCMOTpeHa  BO3MOXXHOCTb — yKa3aHUsi  JBYX  BapUaHTOB
MOJIOKUTEIILHOTO HANPABIIEHUS TIOTOKA JKUJIKOCTH - B 3eMeHT (puc.3.19.9a), u u3 snemenra
(puc.3.19.90).

B nepBom ciiyqae € =Qi/ Py, TOE P -IUIOTHOCTD , UCTIONB3YEMOM KUIKOCTH.

Bo BTropom cinyuae 2 =-Qi/ poe.

Jnst snmemMeHTa MOTYT 3a/JaBaThCsl MpEACNbHBIE 3HAYCHUST OOBEMOB KHUIAKOCTH
(MUHUMANBHBIA U Wnin ¥ MakCUManbHBIA Wpnax) , NMPU JTOCTHXKEHUU KOTOPBIX AIIEMEHT
3amupaercsi, T.e.  IPEMSATCTBYET  W3MEHEHHUIO TIEPEeMEIeHHMs] B y3Jie B HANpaBIICHUH,
COOTBETCTBYIOIIEM BbIXOAY W: 3a3aJaHHbBIC TAKUM 00pa30oM Mpe/Iebl.

&) 8)

Puc. 3.18.9. DnemeHT ruapoakkymMynsaTop: a — pacdéTHada cxema anemMmeHTta; 6
N 8 - n30bpaxkeHne aNeMeHTa Ha cxeme Npuv NONOXUTENBHOM HanpaBreHMn NoToka
BHYTPb W U3 3fIeMeHTa COOTBETCTBEHHO.

B IO AaBJIAOIIIEM OOJIBIIINHCTBE CJIydacB YCTPOﬁCTBO pa6OTaeT B IMUKJIC, COCTOAIIEM U3
npolecca MeUIEHHOT0 HAKOILIEHHs SHEPIUH M TIPOIecCa OTHOCHTENBHO OBICTPOil eé OThaun B
CUCTCMY, IO3TOMY yqéT MNOTCPhL MHABJICHUA JKUAKOCTH OCYHICCTBIIACTCA TOJBKO IIpU eé
HCTEUEHNH M3 pe3epByapa. IIpu 2TOM Momaraercs, YTo CKOPOCTb KUIKOCTH TIEpe]l BXOJOM B
OTBCPCTHUC HMCTCUCHUA paBHA HYIIIO. HOqueHHaﬂ Ha OCHOBAHUU 3THUX I[OHyH_IeHI/Iﬁ @OpMyﬂa,
OTIpe/IeNAIOas MOTepH AaBaeHnus APy UMeeT BUJL

APy :é:u P V)I(2/2,
rac
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& - KOdhOUIMEHT COMPOTHBICHUS JJIs OTBEPCTHS HWCTEYCHUS, OIPEACIISIONIHA
XapaKTepHble I'€OMETPUYECKHE OCOOEHHOCTH KOHCTPYKLIUU OTBEPCTUS UCTEUEHHUS,
Ve =@ /5, CKOPOCTb JKHJIKOCTH B OTBEPCTUU UCTECUEHUS,
.
S, =aD; /4

- IuIomaab OTBEPCTUA UCTCUCHUA,

Di - ANaMCTP OTBCPCTUA UCTCUCHU .
JU1st pIeMeHTa 3a/1af0TCsl CIIEAYIOLINE TapaMeTphl:

1.
2.

Howmep y3na i.
[TonoxuTenbHOE HAPABICHUE MOTOKA KUJIKOCTHU (B 3JIEMEHT WJIU U3 2JIEMEHTA) B

COOTBETCTBHE C €T0 ITIOJIOKCHUEM B 061]16171 CXEMC.

N oLk W

MuHUMaIBHBIA U Wmin 1 MAaKCUMAIIbHBIA Wimax 00BEMBI KUIKOCTH.
O0BEM KUAKOCTH B UCXOJHOM MOJOKeHuu Wy .

JlaBiieHME KUIKOCTH B UCXOAHOM TOJIOKEHUU Po

Jnametp otBepcTust uctedeHus: D; .

KoadduimenT conpoTUBICHHS TSI OTBEPCTHSI UCTCYCHUS &
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3.18.7. PasBeTBneHue TpybonpoBoaos

DJeMeHT IMpeaHa3HaueH IS MOJCTUPOBAHMS Pa3BETBICHHH MOTOKOB pabodvero teia ¢
M3MCHEHHEM IUIONIAJICH WX TONEpevHbIX cedeHuil. Pacuérnas cxema wu rpadudeckuii obpas
aJIeMeHTa npejcTaBiieHbl Ha puc. 3.18.10.  DneMeHT CBA3BIBAET TPU Y3JIOBbIE TOUYKU IOTOKA
paboueroTena i, j u k.

? 1 D, o) 2

- ) kE § k j k i K
D
& ¥ Lj "R y }}f y D‘}f
S, 7 S 7

|

[
=

¥

o o

Puc. 3.18.10. PasBeTBrneHne TpybONpOBOAOB: a — pacC4ETHasi CXxema dfieMeHTa;
6 - n3obpaxkeHne anemMeHTa Ha CXeme Nnpu pasnu4yHbIX BapnaHTax HanpaBneHun
NMOTOKOB.

CreHKH »3J€eMEHTa HoJjararoTcsi aOCONIOTHO JKECTKUMH, T.€. YUHUTBIBAETCS TOJBKO
yOpyroctb pabodero tena. Takoe IOmNMylIeHHWE JOCTATOYHO KOPPEKTHO Il OOJIBIIMHCTBA
peaJIbHBIX KOHCTPYKLU.

DNeMEeHT UMeeT BHYTpeHHUI 00béM W, onpeniensieMblii BEIpaXKEHUEM

&, =LiS+ LS+ LSk

rie S =mn D?/4 -mnowans kananal, [ = i, j, k.

rae Wy - 00BbEM MONOCTH B UCXOTHOM TTOJIOKEHHH.

[Torepn maBiieHUs MO JIJIMHE B DJIEMEHTE HE YYMTBHIBAIOTCA. YUYET NOTEPh AABIICHUS
KHUJKOCTU BCIIEJICTBHE M3MEHEHHUS €€ CKOPOCTH, OCYIIECTBISETCS MPUOIMKEHHO JJIS MOTOKOB
HaIpaBJICHHBIX W3 3JeMeHTa. [Ipy 3TOM aHanM3UpyHOTCA pa3iIM4YHbBIE CIyd4ad COYETaHHUs
HalpaBJICHUN JBIWKEHHUS padodero Teja B paccMaTpuBaeMblii MOMEHT BpemeHH. Ckopoctu
KHUJIKOCTHU B KaHanax V; ONpenensroTcs BBIPAKEHUEM

Ww=0,/8 | rne =1 j ki.

Jns y3na j mostaraercs, 4TO HallpaBJIEHUE ITOTOKA MEPIIEHINKYIISPHO NOTOKY OT y3J1a i
K y3]ly K M TpU UCTEUEHUH KUAKOCTH U3 3JIEMEHTA MOoJIaraercs, YTo e€ HadaibHas CKOPOCTh
nepeJl BXO/I0M B KaHaJl paBHA HYIIO, U (GopMyJia, ONpeaesomas noTepu napieHuss AP; umeer
BU]{

AP; = pre v;7/2.

Jns y3moB i M j moJsiaraercs 4To OCH MX KaHAJOB COBIAJAIOT W 3/1€Ch BO3MOKHBI TPU
Cllydas JBUKEHUS )KUJKOCTH, PACCMOTPEHHBIE HUXKE.

B nepBom ciydae cKOpOCTh OJHOTO M3 OTOKOB HAaIIPaBJ€HA B DJIEMEHT, a JPYroro - u3
3JIEMEHTa, HO a0CONIOTHAsI CKOPOCTh MOTOKA BBIXOJAINErO U3 AJIEMEHTa MEHbIE abCOMIOTHOU
CKOPOCTH IIOTOKA, HAIIPaBJIEHHOTO B AJIEMEHT. B 3TOM ciyyae cumTaercs, 4To MOTepH JaBICHUS
orcyTcTBYIOT. [lo00Hast cuTyanuss UMEeT MECTO JUIsl MpUMepa, IPEACTaBIEHHOIO Ha pPHC.
3.19.10. npu MOJIOXKUTEIBHBIX 3HAUEHUSAX CKOPOCTH MOTOKA B y37ax iU k, Tak Kak Sk > S; .

Bo BTOpOM Ciydae CKOpOCTh OAHOI'O U3 IIOTOKOB HAIIPABIIEHA B DJIEMEHT, a JAPYroro - u3s
JJIEMEHTa, HO a0COIIOTHAs CKOPOCTh MOTOKA BBIXOJSALIETO W3 3JIEMEHTa OOJbIIEe CKOPOCTU
IIOTOKA, HAIpPaBJIEHHOTO B 3JEMEHT. B 3ToM ciydae cuuTaercd, 4TO IOTEPU MAABIICHUS
onpezensoTca pasHule ckopocreil. IlogoOHas cutyanuss ¥UMeeT MecTo Ul MpUMepa,
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npejcTaBieHHOro Ha puc. 3.19.10. npu oTpuLaTeNnbHbIX 3HAYEHHUAX CKOPOCTH IIOTOKA B y3J1ax
iu k, tak kak Sx < S; . TOrnaa i JaHHOTO MpuMepa
AP: = pye (viZ=v;?)/2.

B Tperbem ciyyae ckopocTH NOTOKOB i M Kk HampasiieHbl U3 3j1eMeHTa. Toraa, nosaras
CKOPOCTbh JKHJKOCTH II€pE] BXOJOM B pacCMaTpUBAEMbIE KaHAJIbl PAaBHOM HYIIO MOJIYyYUM
(bopMyIIBI TSI MECTHBIX IOTEPh JaBJICHUS B y3iax i u k B BUje

AP, = pye vi2/2, THE =i, k

Ecmn B KkawectBe pabodero Tena UCHOJB3YeTCS 2a3, TO paccMaTpUBaCTCA
aanabaTU4eCKHit mpouecc. IlnoTHOCTP Ta3za B paccMAaTpuBAEMbli MOMEHT BPEMEHHU
OTIpeNIeNsIeTCs KaK Macca ra3a, Haxo/IsIIerocs B MOJIOCTH, OTHECEHHAs K 00bEMY nojocTH (2

p=(mo +biQ; +ijj +b:Qi )/ 0O,

rae  mo =pof - Macca pabouero Teia HAXOAMBIIASCS B 3JEMEHTE B HaYalbHBIH

MOMEHT.

b; -= 1 — 11 BXOIAIIETO B DIIEMEHT IIOTOKA,
b; -= -1 — n71g BEIXOIAILETO W3 dJEMEHTA MOTOKA,
I =1 k

MecTHEbIE MMOTEpU HaBJICHUA OIPCACIIANOTCA TAKKC, KaK U JIA JKXKUIKOCTH. I[J'ISI Ooiee
TOYHOI'O yqéTa IMOTEPb B 3TOM CJiydac CICAYCT OJOIIOJTHUTCIbHO BKIKOYATh B MOJCIIb 3JICMCHTHI,
OIIMCBIBAOIHUEC MCCTHBIC COIIPOTHUBIICHUS.

HJ'ISI 9JICMCHTA 3adat0TCA CICAYIOIIHNC ITapaMETpPhI:

1. Howmepa cBsizpiBaeMbIX y3710B I, j, k .

2 [TonoxxurenbHOE HAIIPABICHUE MOTOKA B y371aX  ( B DJIEMEHT HJIM U3 JIEMEHTA).
3. Huamerpsl kananos D;, D;, Di,mm.

4 Hmuubl xananos L;, L;j, Li,mm.
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3.18.8. NoBepxHOCTK B3aMMOAeNCTBUA C pabo4yum Teniom

OJeMeHT MpelHa3HauyeH s MOJEIMPOBAHUSA B3aUMOJCHCTBUSA paboyero Teia c
JJIEMEHTAPHBIMH  IIOUIAJKaMU OOBEMHBIX M IJIOCKUX 3JeMeHTOB. llo3Boisier cBs3aTh
NepeMEeIleHUs] 4YacTH HPOCTPAHCTBEHHOM MOJENIN, HaXoJsllelcs B KOHTakTe C pabouei
KHUJIKOCTBIO TUJPONPUBOJIA, C ABIKEHHEM M JABICHUEM JKUAKOCTH. DTO MOTYT OBITh 3JIEMEHTHI
KOHCTPYKLIMU COCYZIOB BBICOKOT'O JABJICHMS, NMOPUIHM, quadparMel u T.1. PacuérHas cxema u
rpadudeckuii 00pa3 sremMenTa npejacrasieH Ha puc. 3.18.11.

DJeMeHT MpeJCcTaBiIsieT cO00i COBOKYMHOCTh YETHIPEXYTOJIBHUKOB (TPEYTrOJIbHUKOB),
ONMCHIBAIOUIMX BHYTPEHHIOK IIOBEPXHOCTh WM YacThb IIOBEPXHOCTU paccMaTpUBaEMOro
00bEMa, KOTOPBIH CBs3aH ¢ y3i10M rujaponpuBosaa i. [logoxurenbHbIM HanpaBiIeHUEM IOTOKA B
3TOM Yy3JI€ THAPOIPUBOAA IPUHSATO ABMKEHHE KHUIKOCTH U3 PACCMAaTPUBAEMOro 00bEMa.

[lepememienne  KakIoro d3J€MEHTa IIOBEPXHOCTHM B  HAIPAaBICHUHM  HOPMAalH
COOTBETCTBYET YMEHBILEHUIO 00BEMA.

[ToBepxXHOCTH MOXKET OBITH 3aMKHYTOW U HE 3aMKHYTOM.

JlaBieHue, co3gaBaeMoO€ B paccMaTpuBaeMoM 00BEME, BBI3bIBACTCA  YNPYroi
nedopmanuei KuaKoCTH, HaXoAIencs B HEM.
DONEeMEHT HMEeT BHYTPEHHUH TI€OMETpUYECKUI 00BEM £, omnpenenseMblil

MHTETPUPOBAHUEM II0 PACCMATPUBAEMOI IOBEPXHOCTH. PeanbHBIE 00BEM IKUAKOCTH 2y
HaxojdlIelcsa B dJIeMEHTe, ONpPEeNseTcs KaK pa3HOCTh T€OMETPUUYECKOro 00bEMa B MCXOIHOM
MOJIOKEHHH {2 o r 1 00BEMA )KUKOCTH, TIPOLIE/IeIIei uepe3 y3en nortoka Q;

Qy = Qo0 - O,

TOT1a OTHOCUTENIbHOE W3MEHEHHE 00béMa & , IPUHUMAEMOe B KayeCTBE SKBHBAJICHTA
neopmaruy, OINpeaesuTCs KaK OTHOIIEHUE Pa3HOCTU PEabHOI'O U FEOMETPUYECKOr0 00bEMOB
K TEOMETPUUECKOMY 00BbEMY

o = (2 -02)/ (X
JlaBneHue B paccMarpuBaeMoM 00bEME P, OonpeaenuTcss N3BECTHBIM BBIPAKEHUEM
Po=Ex &.

[Totepu naBneHus OT ABMXKEHUS KUAKOCTU B 3JIEMEHTE HE YUUTBIBAIOTCS.

IIpn omnpeneneHnH MaTpUIbl MHEPIMM Macca JKHJIKOCTH IIOJIAraeTCsi PaBHOMEPHO
pacnpenenéHHON 10 IOBEPXHOCTH DJIEMEHTA.

IIpn yu€re maBieHMS OT pacHpeNeN€HHBIX IO Macce HArpys3oK II0Jaraercs, 4ro Ha
KaX/IbIil 3JIEMEHT MOBEPXHOCTHU JIEHCTBYET AaBJICHHE OT CTOJI0A *KHMJIKOCTH, BBICOTA KOTOPOTO
ONpENENAeTC KaK Pa3sHOCTb KOOPAHWHAT CEPEIWHBI ITOBEPXHOCTH M Y3JIa NOTOKA KUAKOCTH,
CBA3aHHOTO C IOJIOCTBIO JJIEMEHTA.

Jnst ameMeHTa 3a1ar0TCs:

1. MHpeke y3ma MoToka »KMIKOCTH i. YKa3bIBaeTCs HESBHO. B kauecTBe i mpuHUMaeTCA
MHJEKC TEepBOTO Yy3Ja KOHEYHOro JJIEMEHTa THIa YYacTOK TpyOOINpoBOJa, OMHCAHHOIO
(cm.m.3.18.1) B mpeniecTByromIei 3amucu.

2. naexchl BceX y49acTKOB MOBEPXHOCTH BXOJSIIMX B AJEMEHT j, k, [, m. DT naHHbIE
JOJKHBI HAXOAUTHCS B OJTHOM 3aIIUCH.

3. HanpaBnenue HopMaiu K cedyeHuto o0béMa. BriOupaercs napamieabHbIM K OJHON U3
koopauHaTHbIX oceil ['CK. BaxHo 11 He3aMKHYTHIX 00BEMOB. B 3TOM ciydyae 00bEM monoctu
orpezenseTcs Kak 00bEM, 3aKITIOYEHHBIN MEXIY MJIOCKUM CEYEHHEM, MPOXOISAIINM Yepe3 y3eml
MOTOKA KHJKOCTH, U paccMaTHUBaeMOil MoBepXHOCThIO. CeueHHe IMOCTOSHHO MO0 00BbEMY U
ONpENENsAeTCs MNPOEKIHMEN paccMaTpPUBAEMON IMOBEPXHOCTH HA IUIOCKOCTh, HOPMAJIBHYIO K
YKa3aHHOU OCH.

DOneMEeHT H300pa)kaeTcsi COBOKYNMHOCTh IPO3PAYHBIX YETHIPEXYTOJIBHUKOB KPACHOTO
[[BETa, U3 CEPEANHBI KOTOPBIX [0 HOPMAJIK TPOBEAEH OTPE30K K OrpaHnueBaeMoMy o0bEéMy. B
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pexxume orobpaxenus JICK KO u3 cepeanHbl KakI0ro 3JIeMEHTa MOBEPXHOCTH MPOBOAUTCS
OTPE30K CUHETO LIBETA K Y311y IOTOKA XKHUIAKOCTH.

Puc. 3.18.11. NoBepxHOCTN B3aUMOAENCTBUSA: @ — MOAENb 3aMKHYTOro o6béma B
paspese; 6 — He3aMKHYTbIM O6bEM; 8 — n3obpakeHne arieMeHTa B pexmve
oTobpaxeHnus JICK K3.
1 — anemMeHTapHble NOBEPXHOCTHN, Bxoaswme B KJ;
2 — y3en NoToKa XWAKOCTH;
3 — KOHTYpP CeyYeHus AN He3aMKHYTOro obbema.
h; - BbicoTa cTonba »XMAKOCTU AN 3fieMEHTapHOW NOBEPXHOCTW.
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3.18.9. Hacoc

DneMEeHT IpelHa3HayeH i1 MOJEIMPOBAHUS YCTPOMCTB Mojaayu paboueill KUIKOCTH B
THJIPOIPUBOZE, ISl KOTOPBIX HMEETCS BO3MOXHOCTb 3a/laHUSl CBSI3U MEXIY pPAcXOJOM U

HArmopoM B BHJIe (QYHKITUH.
Jist aeMenTa 3a/1at0TCs:
-HOMED Yy3JI0BOM TOUKHU;

-HampaBJICHHUE MMOJa4H (MIPSMOE WIIH 00paTHOER);

-xapakrtepuctuka h =f(Q) —3aBucuMocTb Haropa h ot pacxozaa Q.

Homep y3710BOil TOYKH ONpeAeiseT MECTO B CXeMe, TIJe MOAaéTCs >KUIKOCTh C
MCTOJIB30BAHUEM MOJICIMPYEMOTO YCTPOUCTBA.

HeoOxomuMocTh 3ajaHusl HAINIpaBlIeHHUsI 00YCIIOBJICHA WU3JIOKECHHBIMH paHee MpaBHIIAMH
MOCTPOCHHSI CXEMBI, B COOTBETCTBHH C KOTOPBIMHU IIOJIOKUTEIBHOE HAIpaBICHUE IOTOKA
BBIOMPAETCS IPEBAPUTEIILHO, KAK CUCTeMa KOOpAMHAT. B TO e BpeMsi pealibHOE HallpaBIICHHUE
MOJIa41 JKUJKOCTH KOHKPETHBIM YCTPOWCTBOM IpH pabOTe MOXKET HE COBMAJIATh C BRIOPAHHBIM
MOJIOKUTEIILHBIM HaIPaBJICHUEM MOTOKA. B 3TOM cilyuae yka3biBaeTcsi 0OpaTHOE HaIlpaBIICHUE.

a) 5)

Puc. 3.18.12. OtobpaxeHune
Hacoca Ha cxemax: a — NpPsIMOro;
6 — obpatHoro.

Ha pwuc.3.18.12. mnpencraBieHsl u300paxeHus
DIIEMEHTA, COCAMHEHHOTO C Y4aCTKOM
TpyOoOIpoBoIa I IpsiMOro (a) U odpatHoro (0)
BapHUaHTOB AJIEMEHTA.

XapakTepuctuka  3amaércs B BHUJC
Tabnuuel 3Hadennit A(m) u Q (ky0.M) B mopsiake
BO3paCTaHMs 3HAYCHUN pacxoja.

DJIEMEHT MOXKET OBITh KaK OKOHEYHBIM,
T.€. COCIHMHATHCS TOJIBKO C OJHUM 3JIEMCHTOM
JIPYTroro THIIA (TpyOomnpoBoioM,
pa3BETBIICHUEM. ..), TAK U HAXOJUTHCS Ha yJaCTKe
TpyOompoBoaa. B aTom ciydae co3maBaeMblii UM
Harop OyJeT paBeH Pa3HOCTH HAIIOPOB AIIEMEHTOB
TpyOonpoBoaa, COETUHSEMBIX B
paccMaTpuBaeMoOM Y3Iie.
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3.18.10. KnanaH

DNeMEeHT MpeHa3HAuYeH JJI YIPOIIEHHOTO MOACIIUPOBAHUS YCTPOMCTB, MPOMYCKAIOLIUX
pabouee Teno B 3a/JlaHHOM HampaBieHUH. B HaHHON MoJenu HCKIIOYaeTcsl U3 PacCMOTpPEHUs
YpaBHEHHUE ABM)KECHUSI 3alIMPAIOLLIETO 3JIEMEHTA, & BPEMEHA OTKPBIBAHUS fomx U 3aKPBIBAHUS Lrax
KJIallaHa 3a/1al0Tcsl KaK ero paboyne XapakTepUCTUKH.

MectHble oTepu AaBiICHUS Ha djieMeHTe AP onpenesnsitoTcs BhIpaKeHUEeM

AP =& pye vuc?/2,

rne & - KO3 (ULUEHT COMPOTHBIICHHUSA, 3a/1aBa€Mblii B HCXOJHBIX JaHHBIX U
OTIpeeIIAIONINN XapaKTepHbIe 0COOEHHOCTH MOJIETTUPYEMOIO YCTPOMCTBA,

Vye = Ve /S — CKOPOCTD KUJIKOCTHU B Y3JI€,

Ve = dQx /dt- 00BEMHBII pacxo/1 )KUIKOCTH B y3II€,

§ - IJI0111a]1b OTBEPCTHUSI UCTCUCHHUS .

VYcnoBueM OTKpBIBAaHUS KjlalaHa SIBISIETCS — MpEBBbIIICHUWE Tepenaja JaBleHUs Ha
KJIallaHEe B HANpPABJICHUH MPOIMYCKAaHWS HA BEJIMYMHY P, — NaBJICHUS MOJIOPA, SBIISIONIETOCS
KOHCTPYKTHUBHOM XapaKTepUCTUKOI kianaHa. B wactHom ciiydae P, =0 .

Jlist mpsiMoro KiamnaHa YCJIOBHE OTKPBIBAHUS UMEET BUJL

P >P,+P, , (1)

rae P; w P> - naBiieHUS B COCTBIKOBAHHBIX B Y3JI€ 3JIEMEHTAaxX /10 M MOCJE y3ja IO
HanpasieHUu0 I1oToka. [losmaraercs, YTO OTKpBIBAaHME KJlallaHA HAYMHAETCA C MOMEHTA
BBIIIOJIHEHUS YCIIOBUA L, , U J[ajie€, Ha UHTEPBAJIE OTKPBIBAHUSA lp < <, T+ lomx IUIOIIAIH
MIPOXOJHOTO CEYEHHUs KianaHa § U3MEHSETCs JIMHEUHO

S=So (t - to)/tomk

IIpu ¢t > tomx TUIOIIANB MPOXOJHOTO CEYEHMs PaBHA MAKCUMAJILHOM 33JJaHHOM, T.€. §
=S,
AHaNOrM4HO, IPU 3aKPhIBAHUH, HAUWHAIOIIEMCS] C MOMEHTa HapyueHus ycinosus (1) #,,

S=8So(1 - (t-1)/tu).

IIpy ¢t > ¢ + tax  TUIOIIANB IPOXOJHOTO CEUYECHHMS paBHA HYIIIO.

CooTBeTCTBEHHO, U1 0OpaTHOro kinamaHa P; W P2 B BBIpOXEHMM JUIS YCJIOBUS
OTKpPBIBAaHUSI MEHSIOTCSI MECTAMHU.

B npocreiimux ciyyasx BenuunHa & CUMTAETCs MOCTOSHHOW, U MPUHUMAaeTCs paBHOU &,
, 3a]1aBa€MOM B MICXOJHBIX JaHHBIX. [Ipn HeoOxomumocT & MOYKHO 33/1aTh B BUJE (DYHKIIMH OT
yncna PeliHonbraca. @ynkuus f(Re) 3amaércs TaOIMYHO B 3allMCH, pacliojlaraéMod Mepen
OINKCAaHHEM 3JIEMEHTa, a KOA(PPHUIUEHT MECTHOTO COIPOTHBIICHUS B 3TOM CIlly4yae OIpeNeNseTcs
BbIpaXEHEM

¢ =¢ f(Re) .

Ha cxemax »sneMeHT H300pa)kaeTcsi OKPY)KHOCTBIO C TPEYroJbHUKOM BHYTpH. Jlis
OpSAMOro 3J€MEHTa OJIHAa M3 BEpIIMH TpPeyrojbHHKA HaIlpaBiieHa BIIPaBO, JUIsI 0OpaTHOToO —
BJIEBO.

Jl1g sneMeHTa 3aatoTCs:

-HalpaBJeHHe MoAa4yu (MPsSMOoe UM 00paTHOE);

-xapaktepuctuka h =f(Q) —3aBucuMOCTb Hamopa h ot pacxona Q.

- MaKCHMaJlbHasl IUIOIIA b IPOXOAHOIO ceueHus S ;.

- K09(h(PHUIIHEHT CONPOTUBICHUS

- HallpaBJICHHE - OOpaTHBIM WU MPAMOit
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- BpeMs OTKPBIBAHUA fomx , C ;

- BpeMs 3aKpbIBaHUS fsax , C ;

- naBienue noamnopa P, , Mlla;

- HOMEpA y3J10B, C KOTOPBIMH CBS3aHBI OITUCHIBAEMbBIE JJIEMEHTHI.

B onHOM 3anucu MOYXKHO OMMCATh HECKOJIBKO AJIEMEHTOB C OJMHAKOBBIMU ITapaMETpPaMH,
HO CBA3aHHBIMHU C Pa3HBIMU Y3JIOBBIMUA TOUKAMHU.
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3.18.11. 3aBucumoctb KoachduuMeHTa COMNPOTUBIIEHMA OT Yucna
PenHonbAaca

3aBUcUMOCTh K03(h(hUIIMEHTa MECTHOTO CONIPOTUBIIEHUS OT uncia PeifHonbca
L=f(Re)

3agaércs TaONMYHO B OTIENBHOM 3alUMCH W MCHOJb3yeTcs s Oosee TOYHOIO
BbBIYUCICHUA MCCTHBIX COHpOTHBHGHHﬁ, TaK KaK IIO3BOJIACT Y4YCCTb BJIMAHUC Ha BCIMYUHY
MECTHBIX IIOTEPh TaKUX (PAKTOPOB, KaK BA3KOCTh KUIKOCTH U OCOOEHHOCTH IpOLecca TEUEHUs B
MOJICIIUPYEMOM YCTPOUCTBE. 3amuch ¢ YKa3aHHOW (yHKLMEH JOIKHA pacroiarathesi B Habope
JTAHHBIX HEINOCPE/ICTBEHHO IEpe]l ONMCAHUEM 3JIEMEHTOB (MECTHOE COINpPOTHBIIEHHUE, KIIallaH,
peryJaupyeMblii poccenb), K KOTOpPHIM OHa oTHocuTcs. Ilpu 3amanum 3Tod  (DyHKIMH
K03()(HUIMEHT MECTHOTO CONPOTHUBIICHUS & OIIPEEIISIETCS] B COOTBETCTBUH C BBIPAKCHUEM

5 = 5" f(Re) )
rJie Ipy onpeeneHun uncia PeitHomnbaca mo gpopmyse
Re=V,.D/v
B KauectBe D NPpUHUMACTCA JUAMCTP OTBCPCTHUA, ILIOIIAAb KOTOPOI'O paBHA CCUYCHUIO

IIOTOKA B pacCMaTpUBAEMOM TOUKE, T.€.
4S8
D= |—
7T

Ecnu orBepctme otamuaercst  oT Kpyrmioro, To & <, MOXHO HCIIOIb30BaTh Kak
nornpaBovHbIi ko3¢ ¢uiment. OObYHO, TPU MCIOJIB30BAaHUH pPaccMaTpUBAaEMOro crocoba
OIMCAHUSI MECTHBIX CONPOTHUBICHUH, & NPUHUMAETCs paBHBIM €IMHHUIIC.
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3.18.12. Na3oBbIN peayKTop

DOneMeHT npeaHa3HayeH i YIPOUIEHHOIO MOJEIUPOBAHUS PEAYKLMOHHBIX KIIAIIaHOB.
B nanHOl Mozenu HCKIIOYAeTCsl M3 PACCMOTPEHUS YpPaBHEHHS JBHXKEHUS PETYIHPYIOIINX
9JIEMEHTOB, 3a7aéTcsi ero pabodas XapaKTepHCTUKa B BHJE (DYHKIMH JaBICHUS HA BBIXOAE OT
pacxoja v BpeMeHa OTKPBIBAHUS fomx U 3AKPBIBAHUS Lyax.

Jnst ameMeHTa 3a1ar0TCs:

-HOMED Y3JI0BOM TOUKH;

- BpeMs OTKPBIBAHUA fomx , C ;

- BpeMsl 3aKpbIBaHUS  frax , C

-xapaktepuctuka P = f(Q) — 3aBucuMocTh AaBieHuss P ot pacxoxa Q 3anaércs B
BUJIE TAaOIUIBI 3HAYCHUI B MOPSAIKE BO3pacTaHUs JaBieHus . JlaBneHue ykasbiBaetcs B Mlla,
pacxona — Kr.c

Homep y3710BOH TOUYKM oOIpeneisieT MecTo B cXeMe, TIJe MNoNaéTcs KHUAKOCTh C
HCIIOJIb30BAHUEM MOJIEJINPYEMOT0 YCTpPOICTBA.

Jl1st a51eMeHTa IPUHSTO TOJIBKO MOJI0XKUTENbHOE HAIIPaBJICHHUE TTOTOKA.

DJeMEHT MOXET ObITh KaK OKOHEYHBIM, T.€. COCIUHATHCS TOJBKO C OJHHM 3JIEMEHTOM
apyroro tuma (TpyOOmpoBOAOM, pPa3BETBICHUEM...), TaK W OIUCHIBaTH MPOIECC MOHMKEHUS
JIaBJICHU ra3a B LIeMH.

Ha pwuc.3.18.13. npencraBieHbl HW300pa)KeHUS 3JIEMEHTa, COCIUHEHHOTO C Y4aCTKOM
TpyOOIIpOBOJa /111 BAPUAHTOB PACIIOJIOKEHHUS SJIEMEHTA B LIEMU U (@) OKOHEYHOro (0).

a)

Puc. 3.18.13. OTtobpaxeHune ‘anemMeHTa Ha
CXemax: a — 3fIeMeHT B uenu; 6 — anemMeHT
6) KaK MCTOYHWK rasa.
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3.18.13. Oxnapgutennb

DneMeHT NpeAHa3HaueH i YIPOIIEHHOTO MOJEIMPOBAHUS OXJIAKIAIOIIUX YCTPONCTB,
o0ecrneuynBarIuX TEIIOOOMEH MEXIy ABYMsS MOTOKaMU pabouyero Tena — OXJIaXIaeMbIM U
OXJIAXKJAIOMIMM. Pa3nuyarorcs aBa THNA OXJIAQAUTENEH — TEIIOOOMEHHHMK W KOHAMIIMOHED.
[TpuHIMNMaIbHOE OTIMYME KOHJUIMOHEpA OT TEINIOOOMEHHUKA 3aK/II0YaeTcs B TOM, 4TO Y
KOHJIMIIMOHEpA TEMIIEpaTypa  OXJIQXKIAIOMIETr0 IOTOKA MOXET OBITh BBIIIE TEMIEpaTypbl

OoXJIaXXKaacMoro 1moTokKa.
B oxmaxxgaeMoM IIOTOKE ABUKETCS TCIINIOHOCHUTCIIb, 4 B OXJIAXKJAOIIEM — XJ1aJarcHrT.

a) 6)

, i J
i J
Kk / m
K /
B)
+ . T j
i J
K !
K /

Puc. 3.18.14. Oxnagutensb:
a n 6 — pacyeTHas cxema 1 oTobpaxxeHne areMeHTa C NATbIO y3namu,
8 N 2 — pacyeTHas cxema n oTobpaKeHne anemMeHTa C YeTbIpbMS y3namu.

3.18.13.1. TennoobMeHHUK

PacuerHas cxema U yclOBHbIE H300pa)Ke€HUS dJIEMEHTA MpeicTaBiIeHb! Ha puc.3.18.14.

B o0miem citydae, 371€eMEHT CBSI3bIBAET ISTh Y3JIOB: - UETBIPE y3/1a IOTOKA i, j ,k, I, 1 y3en
m, pacroJIO’)KEHHBIM B TOYKE YCJIOBHOI'O Pa3/eieHHs MOTOKOB. YUepe3 y3nbl i U j MPOXOIUT
OXJIQXKIAIOLINH MOTOK, a yepe3 y3ibl k U [ - oxnaxaaemblil. B Touke m onpeznensercs ycnoBHas
OCpeHEHHAs TEMIIEpaTypa YaCTH KOHCTPYKILIMH, pa3elsaionield NOTOKH (pa3IeInTels).

B OonbIIMHCTBE KOHCTPYKIMM CyMMapHOH TeIJIOEMKOCTBIO MaTepuia pa3feluTens
MOYHO IIpeHeOpeub. B 3ToM ciydae pa3nenurens U, COOTBETCTBEHHO, TOUKA M UCKIIIOYAIOTCA U3
paccMOTpEHHUs, a IJIEMEHT CBA3BIBACT TOJBKO YeThIpe y3ia MmoToka i, j ,k, I . OrtobOpaxkeHue
AIIEMEHTOB C TMSTbIO M YETHIPbMS y3JlaMu TMpezacTtaBieHo Ha puc. 3.18.14. 6 wu s

COOTBETCTBEHHO.
TenmooOMeHHEBIE CBOMCTBA DIIEMEHTA OMUCKHLIBAIOTCS 3aBUCHUMOCTELIO BHIA

T ST M (1) - T
e
T . TEeMIepaTypa XJiaJareHTa Ha BXO/€ B OXJIQXKIAIOIIUI KaHaI,

T5™ - remneparypa TEIIOHOCHTEIS HA BXOJE B OXJIAXk/IaeMblil KaHall,
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T5™ - remneparypa pabodero Teia Ha BBIXOE H3 OXJIaXIAEMOrO KaHaa,

M ., - ko3 purmenT >HEKTHBHOCTH TEMITO0OMEHA.

B COOTBETCTBMU C OOLIIMMH MPABMIAMU HOCTPOEHMS MOJeJeH T'MAPAaBIMYECKHX CXEM,
Y3IIbl § ¥ j pacHonaraloTcsl 1o BHIOPAHHOMY HAIpPABIEHUIO MOTOKA. [Ipu 3TOM, BXOJHBIM Y3IIOB
JUISL SIIeMeHTa OyJIeT CUUTAThCA y3€l, B KOTOPBIH, O OTHONIEHHIO K DIEMEHTY, BXOIUT pabouee
Teno. IIpH MoNoKUTENbHOM HarpasieHun notoka (Q; > 0) — 9To y3en i , a pH OTPHULATEIBHOM

( Qy <0)—y3en j.Takoe xe MPaBUIIO ACHCTBUTEIBHO U IS Y3JIOB OXJIAKIaeMOro Kanaia k u
l.

Kpome toro, anemeHT 061agaeT TEIIIOEMKOCTBIO U THAPABINYECKUM COIPOTUBICHUEM B
OXJIaXK/1a€MOM M OXJIAKAIOIIEM KaHajax.

Temo Odm, TpeGyemoe WISl SIEMEHTAPHOTO HATPEBAHMS KAHATA,  OIPEACISCTCS
BBIPAXXCHUEM
0q, =C, 0T, |
rac
Tm - TEMIICpaTypa pa60qer0 TCJIa B KaHAJIC,
Cm = C.'-,ﬂ._p m"vm

- TEMII0EMKOCTh KaHalIa,

Cim - YACTBbHAS TEIIOEMKOCTh PabOUEro Tena B KaHale,

Pm - IUIOTHOCTH pabodYero Tejia B KaHalIe,

Wi - 06bEM ToNI0CTH KaHana,

m =1 I OXJaXKAAIoIIETo KaHana, m =2 I OXJIa)KJaeMoro KaHajia, ¥ = m =3 I
pasaeiuTes.

TeMIepaTypa X/IaJareHTa Ha BBIXOLC OXJIAXkIaromero kamama T, " onpenemsiercs u3
YCIOBHS COXPAHEHHUS SHEPTHH, T.€. U3 TIPEATION0KEHHS, YTO KOIMYECTBO TEIIa, OTBOAUMOTO OT
TeMIOHOCHTENIs, PABHO KOJMYECTBY TeIlIa, TOABOIMMOTO K XIagarenty. Torna

P2S;, Qﬁ

P1%;,

Tl(m} — Tl(ﬂﬁ) +

~

( (55) _ (m})

Q|
rae
P1 u P2 - MIOTHOCTH pabodyero Teina B OXJKIAMOIMIEM M OXJIKIAEMOM MOTOKaX,
aHaiorngHo €3, m  Cx, - yIeIbHBIC TETUIOEMKOCTH.

,Z[J'ISI 9JICMCHTA C IIATBIO Yy3JIaMW IOoJIara€rcsd, 4YTO KpPOMC TIPHUBCACHBIX BbIIIC
BBIITOJIHAKOTCA CICAYIOMNE COOTHOIICHUA

1—1[3“{} =T, — %, (T1(Bx} -T;)
nu

Tz[m:m} =T _}iT(Tz[Bx} -T;)

b

T3 - TCMIICPATypa pasaCInTCIiAd,

Xr- Ko3pduMeHT HPGPEKTUBHOCTH TEIUIOOOMEHAa MEXIy pas3eiuTeleM |
TEIUIOHOCUTEIIEM,

Ax- xodpouuueHT dPGEKTUBHOCTH TEIUIOOOMEHAa MEXAY pasleluTeseM U
XJIaJJar€HTOM.

[Ipu sToM, ecau 3amaH kodhduuument sddextnBHOcTH TemooobMena ™Moo, To
JOCTaTOYHO 3a/laTh OJMH U3 KOA(PQPHUIMEHTOB TermoodMeHa ¢ pazaenuteneM. [Ipu 3amaHHBIX
X+ u M., MOXHO HCTIONB30BaTh BHIPAKEHHE

TS -M) - M,
1_;{'1' _Mm

X
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rae
PJCF.1QJ
M, =M, —2 =1
K ™ Plch‘Ql‘ .

Jli1g sneMenTa 3aJatoTes:

1. Homepa y3510BbIX TOYEK BXOJA U BBIXOJA U3 3JIEMEHTA OXJIAXKIAOLIEro KaHana i uj .
2. Homepa y3710BbIX TOYEK BXOJIa M BBIXOJa U3 dJIEMEHTA OXJIaXK/1aeMoro kaHana k u /.
3. Jlnis 51eMeHTa C MAThIO Y3J1aMU 33a€TCs, TaKXKe, HOMED y3J1a pa3JesIuTeNls m.,

4. TennoémkocTs oxnaxaaromero kanana ' | mx/rpa.

5. TennoémkocTh oxnaxaaemoro kamana Co | mx/rpan.

6. JIIs JIeMeHTa C IATBIO Y3/IaMH 3a7aéTcs, TaKkKe, TeIoéMKocTh paspenurens Cs
TDK/Tpaj.

2

7. Ko>(pUIMEnT ruipaBanyeckoro ConpoTUBICHUS OXIaK/al0ero KaHana < .

8. Koa(HIueHT ruipaBindeckoro COnpoTHRICHUS OXJIaKIaeMOro KaHana -
9. lna xkonauoHepa 3aaaéTcss MOIHOCTL W, , BT.

10. Bespasmepublii koddduiment >ddektuBHOCTH Termnoodmena M. B Bume
TabnuuHO 3ajanHO (yHkmum A, (CHC2) pacxonoB B oxnakmaomeM O, u
oxnaxnaeMom O, KaHamax.

Ta6nuua 3nauenuii xkospduuuenta M ., BBOAUTCA MOCIENOBATENBHO. 3a1aK0TCSA YUCIIO
3HaueHWl pacxoma xmagareHta Vi wu TtemtoHocurens V. . 3aTeM BBOAATCS 3HAYEHHUS
IE'}”i =L..N, ) , TeroHocuTtens ( 0y, J =1..N, ), ¥ 3HAYCHHS
MED i=1,.N;j=1.N,

pacxoqioB xjaaareHra ( Q

koddurmenta 3PpPEeKTUBHOCTH TEIJI00OMEHa
2w ") OKHBI GBITH PACIIONOXKEHBbl B MOPsAKe BospacTamms.  Ha
puc.3.18.15 mpezacraBieH TUMOBOM rpaduk 3aBHCHMOCTH M, (Q.:0,) ¢ YKa3aHHbIMH Ha
HEM TaOJIMYHBIMH 3HAYEHUSAMHU, KOTOpPbIE He00X0AUMO cHOpMHUPOBATH /171 ONKUCAHUS QYHKIUHU B
JTAHHBIX, OMUCHIBAIOIINX 3JIEMEHT.

IIpu sTom

3HA4YCHUA
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Mmo
1 = (1)
2

(11

Mmo
=N )

(i \Qz

M iZ

M (220 - ()
) /""f-_ \\\%

(2,4) " ()
Mo )

oW 0@ o Q@ 0
Puc. 3.18.15. K Bonpocy onuMcaHus 3aBUCMMOCTU KOadhduumeHTa adpdeKTUBHOIO
TennoobmMeHa OT pacxofoB OXNaXX4aeMoro 1 oxnaxaatoLero noTokos

=Q1

11. Hnsa onemMeHTa C TMATBIO y37MamMu  3agaéress  Oe3pasMepHbBId  KOA(PPHUIMEHT
(b (PEKTUBHOCTH TEMJI0OOMEHA TEIUIOHOCUTENST X W pa3ienuTess B BUJIE TAOJIMYHO
3a7aHHoM QYHKIUK X.o(() pacxona B oxnaxaaemom O, KaHale.

3.18.13.2. KonanuuoHep
PacueTHas cxema U ycloBHbIE U300paKeHHsI AIeMEHTa MpecTaBiIeHbl Ha puc.3.18.14a u

ONEMEHT CBS3bIBACT YETBHIpE y3Jla NOTOKa i, j ,k, I. YUepe3 y3npl i W j mpoxoaut
OXJIaXKIAIOLIUH MTOTOK, a uepe3 y3ibl k u I — 0XJIaKAaeMbli, T.€ pEaIM30BaH TOJIbKO B BApUaHTE
C YETBIPbMS y3JIaMU

JUis  paccMaTrpuBaeMoOro JJIEMEHTa TeMIlepaTypa TEIUIOHOCUTENs Ha BBIXOJE W3
OXJIAKJAEMOI0 KaHajia ONPEAEISAETCS BBIPAKEHNEM

Tj(s::nc} — -I-j(m.} _

WM,
P2Cs, Q2|

rne  Wo - HOMUHATBHASA MOIIHOCTb.

Temriepatypa XJ1aJiareHTa Ha BBIXOJIE OXJIXKIAIONIETO KaHalla ONPEIeNIeTCs TaK Ke, KaK
U 75 TeII000OMEHHHKA.

[ToTepy NaBNEHMS OT THAPABIMYECKHX CONpPOTHBIEHHI B KaHamax APm, kak i
KOHJIUIIMOHEPA, TaK U JIJIs1 TEMII000OMEHHHUKA, OMIPEACIIIOTCS TI0 opMyIie
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Ap, =

m

5 2

b | —

’

rac ém - KOB(b(l)I/II_[I/IeHT THAPABIINYECKOI'O COIIPOTUBJICHHUA OXJIAXXJAOIIETO KaHaa.

— — Q.7
B nannom mpumepe npunsato -V, =5 u N, =4 3upavenns M,,” nomxnbl 6bITH

PACIIONOXKEHBI B CIEAYIOIIEM MOPSAIKE MU MY MY MU MY M
T.€. IPH BBOJIE JJaHHBIX BTOPOM MHIEKC MEHSETCs OBICTpEE.

Bce 3HaueHus, IPEACTABICHHBIE B TAOIMIIE, JOJDKHBI OBITH ITOJ0KUTEIBHBIMU.

V KOHIMIMOHEpa, B OTJIMYME OT TEINIOOOMEHHMKA, CBOMCTBA HE 3aBHUCAT OT
COOTHOIIEHHUS TEMIIEPATYP MOTOKA, T.€. TEMIIEPATYPA OXJIAXKIAEMOTIO IOTOKA MOKET OBbITH HHKE
TeMIIEpaTyphl OXJIaXkKIai0IIEro MOTOKA.

JIns snemMeHTa 3a1ar0TCs:

1. Homepa y3I0BBIX TOYEK BXOJA M BBIXOJA U3 DJIEMEHTA OXJIAXKIAFOIIErO KaHaIa [ U j .

. Homepa y3110BBIX TOYEK BXO/a U BBIXOJA U3 DJIEMEHTA OXJIAKAAeMOro Kanana k u [ .

. Tenmoémkocth oxnaxparomero kanana C | mx/rpap.

3

. Tenmoémkocts oxnaxnaemoro kanana C» , mx/rpan.
. Koo huuueHT ruapapindeckoro CONpoTHBIEHHUS OXJIakKIAI0IIEro KaHana S .

. KoapunumenT ruipaBmdeckoro ConpoTHBISHNS OXJIXKIAEMOro KaHana -
. Momuoctes W, , BT.

NN L D W N

8. Bespasmepuslit ko3pduiuent 3¢pdexruHocTH Temnooomena M ... B Buje TAGIUUHO

samannoit dynkmn el @12 €2 pacxonos B oxnaxnatomem O, u oxnakaaemom O
kaHanax. CTPYKTypa M OCOOEHHOCTH BBOJA TalGNMIBI PACCMOTPEHBI B MPEIBLIYLIEM
noapazaene (3.18.13.1).



211

3.18.14. CBA3b KaHaN-NnoTokK

DJIeMEHT MpeaHa3HauYeH JJisi ONUCAHMUS COOTBETCTBUSL (TOMOJIOTMUECKOW CBS3HM) Y3ia
MOTOKA YIIPYromy, WM IPOCTPaHCTBEHHOMY Y31y Mozaenu. Onucanue 3Toi CBsI3U HEOOXOIUMO
IPU PACCMOTPEHUU B3aUMOJCUCTBUS  MOJENCH TPYOOIPOBOIHBIX CHUCTEM U3 CTCPIKHEBBIX,
OOBEMHBIX M IUIACTUHYATHIX JJIEMEHTOB C MOJEISIMH JBHKEHHSI IOTOKAa pabouero Tena.
Hanwmuue Takoii cBsI3u MKy Mapoi y3JI0B HHTEPIPETHPYETCS CICTYIONIIM 00pa3oM:

-TIpU OTPE/ETICHUH JaBJICHUI BHYTPU IOJIOTO CTEPIKHS, OMUCHIBAIOIIETO TPYOOIPOBOJ
KaK yIpyryi Mojellb, HCIOJIb3YIOTCS BEIMYMHA JABJICHUS B y3JI€ THAPOCXEMBI, CBSI3aHHOIO C
y3JI0M CTEP)KHS CBS3bIO KaHAN-IIOTOK;

- IpPU ONpPEIEICHUM TEeMIepaTyp IOJaraercsi, 4Yro TeMIleparypa B YIPYroMm Yy3ie
COOTBETCTBYET TeMIlepaType CTEHKM KaHajla, a TeMmIepaTypa B y3je MOTOKa — TeMIeparype
KUJKOCTH;

- IMEEeT MECTO KOHBEKTUBHBII TEIJI000MEH MEX/y KUIKOCTHIO U CTEHKOU.

! 2

Puc. 3.18.13. Npumep oTobpakeHnsa cBsA3M KaHaN-NOTOK Ha CXemax:
1 — CTepXHeBble ANIEMEHTHI; 2 - CBAA3b KaHas-NoToK; 3- 3fIeMEHTbI
Tpybonposoaa.

CBsI3b OIMCHIBAETCS HOMEPAMU Maphl CBSA3bIBAEMBIX Y3JI0B B JTFOOOM MOPSIKE.

BBoJ cBsI3M MOXET OCYHIECTBIIATHCA MHTEpIpeTanuell rpaguueckux NpUMUTHBOB, WIH
aBTOMAaTUYECKHU, 110 KOMaHJE pa3JeleHUuN Yy3JIOB IIOTOKA U IPOCTPAHCTBEHHBIX Ul MOJCIIH, B
KOTOPOM 3TH y3JIbI COBMELIEHBI.
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3.18.15. ABTOMaT-TEpMOpeErynsaTop

DOneMeHT mpeaHa3HayeH i oOecneueHHs] BO3MOXHOCTH MOJCIUPOBAHHUS CHCTEM
ABTOMAaTHUYECKOI'O YIIPABJIEHUS TEIUIOBBIACICHUEM U OXJIAXKICHUEM B CHUCTEMAaX C JUCKPETHBIM
CUUTBIBAHUEM KOHTPOJHUPYEMBIX ITapaMETPOB.

[To3Bossier peanu3oBaTh MPOIMOPLHOHAIBHO-UHTErpaIbHO-TU b hepeHIInaTbHbINA
aQHAJIOTOBBIM 3akoH ympaBieHuss wmomHocTeio (IIU-M), a Ttakxe MNponopuUOHATBHO-
UHTETpaIbHO-IU(pPepeHInabHbIl  3aKOH € HCIOJIb30BAHMEM  IIMPOTHO-UMITYJIBCHOTO
monenupoBanus (ITNI-HINM).

[MN]1-M-3aKk0H mpearnoiaracT BEIYUCICHHE mapameTrpa /2, Ompeesnsonero MOIHOCTb,
B BUJIE

P=RF,

rne £ - pyHKIMA perynmMpoBanms, onpeaensiemMas CIe yIOIMMH 3aBUCHMOCTMH

F,.=0 ppu f, =0,

F.=/f npn 0</ <1

F.=1npu f, 21,

S =k %"'k:(fm T )+ kY (TD _Tq)m
=y - (hyHKIMS yrpaBieHus,

£ - aMnMTyIHOE 3HAYEHUE YIPABIAEMOro IapaMeTpa,

N =41 - pa3HOCTH TeMIIEPATyp Ha IIare Ompoca,

75 - Temneparypa peryJIMpoBaHus,

7, - 3naueHne KOHTPOIMPYEMOI TEMIIEPaTypbl B MOMEHT BPEMEHH £,

7, - 3HaueHye KOHTPOIUPYEMOI TeMIIEpaTyphl B MOMEHT BpeMeHu 77

At - 1ar omnpoca 1o BpeMeHH,

ki> k5, k5 - 3anaBaemble K0d(DOHUIMEHTH B 3aKOHE PEry/IHPOBAHNS,

Lo =nl,- MOMEHT MOCJIEHEro OOHYJICHUS] MHTErPAILHOTO WieHa (QYHKIIMU YIIpaBIICHHUS,

Z,, - mepnuoji OOHYJICHUS] HHTETPAITBHOTO WieHa QYHKIMH YIIPaBICHHS,

npu 3toM n = 1,2,3..., BeIOMpaeTcs TakuM o0pa3om, 4Todsl nt <t < (n+1)t.

[Tpu peanuzanum STOrO0 3aKOHA YINPABJICHHS BBINOJIHAETCS OINPEACICHUE 3HAYCHHUU
KOHTpPOJHpYeMOil Temmneparypbl 7; B MOMEHTBI BpPEMEHHM C I[IaroM MO BpeMeHH AZ U
BBIUMCJIEHHE 3HAUEHUN (QYHKIMM yrpaBIeHUs U peryJIupOBaHHUsL. .

[MUJI-IIIMM-3ak0H TpeAronaraeT OINpeneieHne MHTepBajia BpeMeHHW 7 , Ha KOTOPBIHA
YIIPaBJIiEeMOMY MapaMeTpy MPUCBAMBAETCA 3aJaHHOE 3HauYeHue £ o . DTOT 3aKOH 3aIMChIBAETCS
B BUJIE

P=F npu I ~2<L 7
"
P=0 npu =4,+7 ym <0,
rae
T=AtF]

Z; - MOMEHT TIOCJIEIHETO BHIYHUCICHUSI (QYHKI[MU PETYTHPOBAHHS.

B kauecTtse mapamerpoB 2 u 4o MOIYyT BBICTYNATh KaK MOIIHOCTh TEILIOBBIAEIECHHUS
B TOYKE, TAK U MHOXHUTEJb IPU HArpy3Kax, ONUCAHHBIX B CIEAYIOUINX 3aMHUCSX.

B nepBoM ciyuae ajeMeHT CBs3bIBaeT 1Ba y3na i U j . B y3ne i ompenensercs
3HaUEHUE KOHTPOJIUPYEMOrO IapamMeTpa — TEMIEpPaTypbl, a B Y3Ie Jj B YypaBHEHHE
TEIUIONEPE/Iau BKIFOUACTCS TEIUIOBBIACICHHE C HHTCHCHBHOCTBIO 2 .

Bo BTOpOM U151 BN1eMeHTa yKa3bIBaeTCsl TOJIbKO OJIMH y3€l — i , B KOTOPOM OIpeJesieTcs
3HAYCHHUE KOHTPOJHMPYEMOW TemrepaTypsl. MHOXHUTENb, paBHBIA 10 BenuunHe £ Oyxer
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UCTIOJB30BAThCS /ISl BCEX TEIUIOBBIX M MEXaHMYECKHUX HAarpy3ok (TemmepaTypsl B y3iax,
MHTEHCUBHOCTH TEIUIOBBIACICHUS, TEMIIEPATYPhI CPEJIbl, JaBICHUS, COCPEIOTOYCHHBIC YCHITUS U
T.I.), @ TaKKe JJIs KHHEMaTHYECKUX TPaHUYHBIX ycioBuil. T.e. mpu (HOpMUPOBAHHM CHCTEMBI
YpaBHEHUH TEKyIHe BEIMYMHBI HarPY30K M KHHEMATUYECKUX TPAaHUYHBIX YCIOBHUM, OIMCaHHBIX
B CIEIYIONIMX 3aMHUCAX, OyIyT YMHOXATbcs Ha BenuMuuHy £~ . B 3TOM citydae 37eMEHT MOXKET
peryaupoBaTh Harpy3Kd W TEpEeMENICHHS MEXaHUYECKHUX 3JIEMEHTOB, HallpuUMep, HU3MEHSTbH
CKOPOCTb BpAIl[EHUs BaJIa, CBA3aHHOIO C HACOCOM I10JIaui OXJIAXIAIOIIEH KUIKOCTU B CHCTEMY,
u T.4. JleficTBue MHOXHTENS OrPAaHMYMBACTCA 3aNMHCIMU-MHOXHUTEISAMH IPH Harpyskax |
KMHEMAaTHYeCKHX TPAHWYHBIX YCIOBHUSX, PACHOJOKEHHBIMU IOCJIE 3allUceld C Harpy3kamu Hu
KWHEMAaTHYECKUMHU T'PAaHWYHBIMU YCJIOBHSIMH, JUISi KOTOPBHIX IpPEIHA3HAYCHO DEryJIupOoBaHUE
BEJIMYMH, WIN TaKOHU K€ 3aIIMChI0, ONMMCHIBAIOICH 3aKOH PEryJIMpOBaHUSL.

N300pakeHne pa3iW4YHBIX BAapHAaHTOB »JJIEMEHTAa Ha CXEMax IPEACTaBICHO Ha
puc.3.18.15.

a) ) Punc.3.18.15. OTtobpaxkeHune anemeHTa Ha cxemax:
a — anemeHT MNNAO-M;
6 — anemenT MAQ-LAM;
8 — O[HOY3M0BblE€ ANIEMEHTbI.

) © O

Jis 37IeMeHTa 3a/1al0TCs CIeyIOIue JaHHbIE:

1. Homepa y310B i u j. Ecau anemeHT onpenensieT MHOXKUTENb MPU Harpy3Kax — TOJIbKO
y3en i.
Tun 3akona ynpasnenus (IIMA-M  wm TTUI-IHUM).

AMIINTYHOE 3HAYeHMe peryaumpyemoro mapamerpa Zo . Eciu 3T0 MOIIHOCTB, TO

[99)

BenmunHa 4o 3a7aéTcs B BaTTax.
Wurepan onpoca Af | c.

Temneparypa peryimuposanus Zo , rpan C.
Kosddummentsr Xi-42>k5 B 3akoHe peryanpoBaHus.

A

[Tepuon (0OOHYICHUSI UHTETPAIBLHOTO WieHa) Zx, C .
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3.18.16. BuptyanbHasa nonocTb

DNEeMEHT OMHUCHIBACT TOJOCTh IWIMHIPHYECKONH (OPMBI, COCTUHSIONIYID HECKOJIBKO
MIOTOKOB, YMCIIO KOTOPBIX OIMPEIEINISIETCS YMCIOM Y3JIOB, 3aXBa4€HHBIX MOJOCThIO. Ha pucyHke
(BUI a) IpEJCTABJICHA CXeMa dJIEMEHTa, Ha KOTOPOU 103./ - HEMOCPEACTBEHHO 3JIEMEHT, opma
KOTOPOT'O OIPEIEIIETCS 3aIJaBACMbIM THaMeTPOM D ¥ JUTMHOM - pacCTOSTHUEM MEXY y3JIaMu i U
Jj omemeHTta, 1mo03.2 - y37bl, 3aXBAUCHHBIC J3JEMEHTOM, MOTOKH KOTOPBIX OOBEAMHSIOTCS.
['paduueckuii 06pa3 31eMEeHTa COOTBETCTBYET MPEIICTABICHHOMY Ha pacU&THON CXeMe.

B

|
=X

B R/ ® ®

Ha Buzme 2 mnpencraBineH NpoCTEWINMN BapUaHT MCIOJIb30BaHUS JJIEMEHTA  JUIsS
MOJICIMPOBAaHMsI MHOTOXOJIOBOrO Nepekirouarens. st sroro B obnactu 3axBara (BHYTpHU
LHWIMH]IpA) PaclOOXKEHbl HECKOJIBKO PETyJUPYEMBIX CONMPOTHUBIEHUHN (1M03.3), AJii KOTOPBIX
3a1aHbl  COOTBETCTBYIOLIME 3aBUCHUMOCTH CEYEHUH OT IEPEMELICHUS YIPaBIAIOIIETro Y3Ja
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(mo03.4). MecTHbBIE CONPOTUBIICHUSI B CBSI3BIBAEMBIX Y3JIaX OINPEICISIIOTCA TaKKe, KaKk W s
JJIEeMEHTa IWIMHAP-TIOPUIeHb, T.€. TMPEANOJOKEeHUs 00 YCKOpeHHH paldouero Teia U3
HEMOJIBIYKHOTO COCTOSTHUS 0 PA3JIMYHBIM ISl )KHJIKOCTHU U ra3a popmymnam. [Tnomanyn ceaenuit
KAaHAJIOB ONPEIENSIOTCS IJIOMAAsIMH 3JE€MEHTOB, CBSI3aHHBIX C 3aXBayeHHBbIMU y3namu. [Ipu
HEOOXOMMOCTH COETUHEHUS y3i1a 03 MOTeph, B 3aXBAaTHIBAEMOM Y3JI€ CIIEIyeT 3aaTh MECTHOE
COIPOTHUBIICHUE C TUIOIIAbIO0 CEYSHUsSI, PAaBHOW MM OOJbIIEH IMJIOMAAN CEYSHHs] BUPTYabHOM
IIOJIOCTH.
VY371b1 1 ¥ j OnpenenstoT GopMy JIEMEHTa U, COOTBETCTBEHHO, FTEOMETPHIO.
Ecnu ¢ »TuMuU y31aMu COEMHEHBI Y3JIbl MTOTOKA, TO OHM TAK)XE PacCMAaTPUBAIOTCS
KaK 3aXBauy€HHBIE, T.€. C HUMU MOXHO COEJIMHSATH APYTUE dJIEMEHTHI THIPOIIPUBO/IA.
K 3axBarhiBacMbIM y3JIaM TPEIBSBISETCS OAHO TPEeOOBAaHME: MOTOK B HUX HE JOJKEH
ObITh 3aMKHYT, T.€. 9TO Y3Jbl, C KOTOPHIMH CBSI3aH TOJIbKO OJMH JJEMEHT I0TOKa
(conpoTtuBneHue, TPyOOIIPOBOL, ... ).
JT0, TaKkKe, MOXKET OBITH y3€J, B KOTOPOM 33/IaHO JaBJICHUE B Y3Ji€ THIPOIPUBO/IA,
WU KUHEMATHUYECKOE YCIIOBHE (TIEPEMEIIEHHE WIH CKOPOCTh). ITO, TAKKE, MOKET OBITh y3€, B
KOTOpPOM 33/IaHO JaBIICHUE B y3JIe TUIPOIIPUBO/IA, HJIM KUHEMAaTHYECKOEe YCIOBUE (TIepeMeIleHre
WM CKOPOCTh). [Ipu 3aiaHny JaBJICHUS B TIOJIOCTH OyJIeT UCTOYHUK pabd0ovyero Tela ¢ 3aJaHHBIM
JABJICHUEM, AaHAJIOTUYHO, MPU 3aJaHHOW CKOPOCTH B TOJOCTh C 3aJaHHOW CKOPOCTHIO
(pacxomom) OyAeT mocTymnaTth padodee Teo.

[l 3r1eMeHTa 3a1ar0TCs CIEAYIOINE TapaMeTpPhl:

1. Homepa y3110B 1 1 j, onpeaensomux GopMy JIeMeHTa.

2. duametp nosoctu D, mm.

3. O6ném nonoctu W, ky6.mm. Ilpu 3amanuu W = 0 00BEM omnpenensieTcs: o reoMeTpuu
JJIEMEHTA - KaK [POU3BEICHUE IUIOIIAIN CEYEHUS Ha JJIMHY.

BBoj snemeHTa B rpagueckoM peiakTope BBIMOIHIETCS UHTEpIpeTanueil rpadpuyecKkux
IIPUMHUTHBOB.
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3.19. AnemMeHTbI CONPOTUBIEHUS

JInst MOJenmMpOBaHUsl MECTHBIX MOTEPh 3HEPTHU NPH IBMKCHUU MOJICIU B IPOrpamMMe
pEaTM30BaHbl CUIBI U MOMEHMmbl conpomueienus. PaccMaTpuBalOTCS Kak IOCTOSHHBIC B
JTAHHBI MOMEHT BPEMEHH IO BEJIMYMHE y3JIOBBIE CHJIBI I MOMEHTHI, HalIPABJICHHBIC B CTOPOHY
IPOTHBOIOJIOXKHYIO HANpaBJICHUIO JBWXKEHHUS (CKOPOCTH) Y3JIOBOW TOYKH, K KOTOPOH OHH
NPUIOKEHBI. 3a1al0TCSl HOMEPOM Y3714, K KOTOPOMY TPHIIOXKEHBI, HAIIPaBJICHUEM JeUCTBHA (T10
ocsM) U 3HaueHueM. OO0o03HauaroOTCsi poMOOM KPAaCcHOTO LIBETa BHITSHYTHIM BJIOJIb 3aJaHHON OCH
(puc. 3.19.1a). Ilpu oGo3HaYEHWH MOMEHTOB y3€J OTMEYaeTCs OKPYXHOCThIO (puc. 3.19.10).
OneMeHTHl palbOTAIOT TOJIBKO B AQITOPUTME BBIYMCICHHUA OOJBIINX JWHAMHYECKHUX U
CTaTHUYECKHX MEePEMEICHNH, 3aBUCSIINX OT BpeMeHH. Tarke Kak u ISl IpYTUX BUIOB HAarpy3oK,
JUISL HUX MOXeET OBITh 3aJaH KO (HUIMEHT, 3aBUCALINIA OT BPEMEHHU.

LA
S

ocen T'CE

'y

b’fx

Z

Puc. 3.19.1. CxemaTuyeckune n3obpaxeHus cun conpoTUBNEHUSN: a - CUNbI; N 6 —
MOMEHTBI.
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3.20. Ilornyeckue anemMeHTbI

MonenupoBaHue JOTHYECKUX (DYHKIMI pa3iMyHOrO poja aBTOMAaTHYECKUX YCTPOWCTB
OCYILIECTBIISICTCS. C MOMOIIBIO JIOTHYECKOTO 3JIEeMEHTa, 00ECIeYrBAIOUIero 3aJlaHue 3HaueHUil
CIELMAJIBbHOTO JIOTHYECKOT0 IIapaMeTpa P BBIIIOJHEHUH PA3IMYHOTO POJA YCIOBUM.

B kadecTBe JIOrMYECKOro napameTpa BBICTYNAET 3HAaYyeHue nepemerieHus no ocu OX
I'CK B y371€ c 3aJaHHBIM HOMEPOM. OTOMY IapaMeTpy MOXKET MPHUCBAaUBaTbCS KOHKPETHOE
3HAQUE€HHE, WIA 3HAYCHUE BPEMEHH, MPOLISAIIEI0O C MOMEHTAa BBIIIOJHEHUS JIOTUYECKOIO
YCIJIOBHSL.

VYcnoBusiMu nepexona SBJISAIOTCS COOTHOLUEHHUS 3HAYEHUM OINpPEAeIAIoIero napamerpa
Oonbllle WM MEHbIIE 33JaHHOW BedWuuHBL. Ilpm 3TOM mepexox MOXKeT ObITh Kak
OJIHOCTOPOHHUM, TaK M CHUMMETPUYHBIM. /[ OJHOCTOPOHHETO IOCJE BBINOIHEHUS YCIOBUS
00paTHBIN TIepexo 1 He MPOBEPSIETCSI.

OnpenensioniuMu  apaMeTpaMl MOTYT CIYKUTh [E€pEMEUICHUsl, CKOPOCTH WJIHU
YCKOpEHHS B y3jaxX B HampaiieHUuu koopauHatHbiX oced ['CK, a Takyke BeTWUYMHBI JaBJIECHUN B
y3Jlax TOTOKa pabdouero Teia, ecld B MOJEIH MPUCYTCTBYIOT SJEMEHTHl TUIPO- WIU
ITHEBMOIIPUBO/A.

JI71st 0JTHOTO JIOTUYECKOTO MapaMeTpa B OJHOM 3JIEMEHTE MOXKET OBbITh 337JaHO HECKOJIBKO
YCJIOBUI MEPEX0/IA.

Ha cxeme aneMeHT 0003HauaeTcsl KBaJIpaToM, B IIEHTPE KOTOPOrO HAXOIUTCS Y3el C
JIOTUYECKUM napameTpoM. JIMHUSAMH €O CTpeJIKaMu IIOCEpEIUHE INPSMOYTOJIBHUK CBSI3aH C
y3aMH, B KOTOPBIX 33JlaHbl ONpeeNsonine napamerpsl. M3o0paxkeHue 31eMeHTa MpeacTaBIeHO
Ha puc. 3.20.1.

&

Puc. 3.20.1. CxemaTuyeckoe n3obpakeHme norm4eckoro arieMeHTa.
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3.21. AKycTnyeckue faTymkm u BO3fencTBus

BHGMCHTBI, pPacCMOTPCHHBIC B AaHHOM pa3aciic, NpCAHAa3sHAYCHBbI IJI1 PCHICHUA 3aJad
MOZACIIUPOBAHUA NPOUCCCOB PACIIPOCTPAHCHUA aKYCTUICCKHUX BOJIH B KOHCTPYKIUAX, COCTOAIINX
N3 KOHCYHBIX DJICMCHTOB.

3.21.1. AKycTYeCKUN AaT4ymnK

OHOY37I0BOI KOHEUHBIH AJIEMEHT, ONPEICIISIONIMN MTOJIOKEHHE aKyCTHUECKOTO JIaTYNKa
B KD Mmozgenu. M300paxenue Ha cxeMe mpeacTaBieHo Ha puc. 3.21.1.

Jis sneMeHTa HE 3aJal0TCsl Kakue-Tu0o mapamerpbl. DJIEMEHT yKa3blBaeT Ha TOYKH,
COOTBCTCTBYIOIIHEC IMOJOKCHUIO AKYCTUUYCCKHUX NATYHUKOB, I KOTOPBIX CTPOATCSA BPCMCHHBIC
nuarpaMmbl - (cM.11.2.2.14) WIM  ONpEACNSAIOTCS TapaMeTpbl JBWXKCHHS TIpU  00paboTKe
PE3yJIBTATOB pacyéra MapaMeTpoB aKyCTUICCKUX IMOJICH KaK THHAMUYECKHIX MTPOIECCOB.

il

Puc. 3.21.1. OTtobpakeHne akyCTUYeCKMX AaTYNKOB
Ha cxeme.

[lpu oTOOpakeHMM BpPEMEHHOH JauMarpaMMbl KOHKPETHOTO JaT4yhMKa Ha CXeMe
oTtoOpakaeTcs TOJBKO ATOT AaTyuk. [Ipu oToOpa’keHMM CyMMapHOW BpeMEHHOW auarpamMmbl
0TOOpaKAIOTCS BCE JATYHKH C UX MOPSAKOBEIMH HOMEPAMHU.

BBoauTcs 06b14HBIMU cIOcO0aMHM (TpagUueCKUM UM TEKCTOBBIM).
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3.21.2. UcTOo4YHMK 3BYKa

DneMeHT TMpeAHa3HayeH i MOJCIMPOBAHUS MCTOYHUKA 3BYKOBOTO JaBJICHUS B
o0bEMHON Mozenu. Ompenensier BEJIUYUHBI U MPOJOJDKUTENBHOCTh JCHCTBUS JaBICHUN Ha
TpaHsX BbIETEHHOTO 00béMa. OOBEM OMUCHIBACTCS OOBIYHBIMH OOBEMHBIMU 8-y3JIOBHIMH
KOHEUYHBIMU 3JIEMEHTaMHU.

CTpyKTypHO 3JIeMEHT O(QOPMIICH B BHJE 3alMCH, PACIIOJIONKCHHONW HEMOCPEICTBEHHO
nepes 00bEMHBIMH 3JIEMEHTaMH, OMUCHIBAIOIIUMU (POPMY U MOJOKEHUU UcTOUHMKA. [Ipu BBOMIE
JJIEMEHTAa HEOOXOAMMO BBIACIHUTH TIPYyNny OOBEMHBIX 3JIEMEHTOB, MOJCIHPYIOMIHUX O0BEM
u3nyyarouii 3Byk. [Ipu 3ToM HEO6X0AMMO 0OECIIEUNUTh OJIMHAKOBYIO OPHEHTAILIUIO JIOKAJIBbHBIX
CHUCTEM KOOPJMHAT BCEX BJIEMEHTOB, TAK KaK BEJIWYUHBI naBieHud Pr, P,u P. 3agarorcs
OTZIEJIbHO MO IUIOIIAJKAM, HOPMAJIBbHBIM K OCSIM JIOKQJIbHBIX CHUCTEM KOOPJAUHAT 3JEMEHTOB U
MOTYT OTJIMYaThCS MO BEIWYWHE. Bapbupys BEeTUYMHAMU JaBICHHNA MOXXHO OOECIEYHTh
TpeOyemMoe HampaBiIeHHE 3BYKOBOTO JaBiieHUs. [lonoxuTenbHOE 3HAYEHUE JaBJICHUIA
COOTBETCTBYET HANpPaBJICHUSIM HOPMaIM K MOBEPXHOCTU. Ecim mepen onuMcaHueM JaHHOTO
JJIeMEHTa B Ha0ope JaHHBIX HAXOAMUTCA MHOXHTEIb MPH HArpy3kKaxX, TO BEJIMYMHA JABIICHUS
ONpPEACISIETC KaK IMPOU3BEACHUS 3HAYCHUS MHOXKHUTENIS B TEKYIIMA MOMEHT BpPEMEHHM Ha
3a/IaHHYI0 BEIMYMHY JAaBieHus. Kpome BenMuYMH HaBIEHHMN 33a€TCs MPOAOKUTEIBHOCTh MX
NeUcTBUA Ty . Masible BETUUUHBI T gx. COOTBETCTBYIOT UMITYJILCHOMY BO3JEHCTBHIO.

[Ipu oroOpakeHHH >JIEMEHTa Ha CXeMaX B CepeauHax rpaHeil OObEMHBIX 3JIEMEHTOB,
OMHCHIBAIOIIUX 00JIACTh MCTOYHMKA 3BYKA, BBIBOISTCS TPU IKCLUEHTPUYHO PACIOIOKCHHBIC
OKPY’KHOCTH KPacHOT'O IIBETA.

[Ipumep wucmosnb3oBanus W TpaduUIecKOro OOO3HAYCHHUS DSJEMEHTA TPEACTABICH Ha
puc.3.21.2.
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Puc. 3.21.2. MogenupoBaHue NCTOYHMUKA 3BYKA.

a — rnoroXeHne UCTOYHMKa B Mogenu;

6 — rpadpnyeckoe oTobpaxkeHne anemMeHTa;

8 — YaCTb CTPYKTYpbl HAbopa AaHHbIX, ONMUCbIBatOLas
3NeMeHT.



3.22. CynepaneMeHTbl U NOACTPYKTYpbI

B nmporpamme obecrieyeHa BO3MOXKHOCTh BKJIIOYEHHS B MOZCIIb APYIux MOI[CJ'ICI\/'I,

OMHCAHHBIX B OTACIBHBIX (aiiiax, B Ka4eCTBE JJIEMEHTa MOJECIH. 371ech BO3MOXKHBI JIBa
BApUAHTA — CYIIEPAJIEMEHT U MOJACTPYKTYpa.
CynepasieMeHTbI u MOACTPYKTYPBI MPEACTABIISIOT co0oif OTAEJbHBIE

KOHEYHOJIEMEHTHbIE MOJIENIM 4yacTell 00beKTa ¢ 3aJaHHbIMHU BHEIIHMMH y3JaMH. BHemHumu
y3JIaMU CYIEPAJIEMEHTHI M MOJACTPYKTYPBI CTHIKYIOTCS C IPYTHMHU SJIEMEHTaMH B O0ILEH MOAETIH.

B kagecTtBe mpumepa Ha puc.3.22.1 mpeacTaBieHa MoJeIb TEIJI00OMEHHHKA, COCTABIICHHAS U3
200 ogMHAKOBBIX CYNEPIIEMEHTOB.
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Puc. 3.22.1. Ncnonb3oBaHne cynepanemMeHTa: a — oTobpaxeHne mogenu wms
cynepanemMeHToB; 6 —Moaenb cynepanemeHTa.

1-ynpoLwéHHoe rpacunyeckoe npeacTaBneHme cynepanemMeHTa B obwén moaenu;
2-KOHEeYHble 3feMeHTbI, BXOAdLWMe B MoLenb CynepanemMeHTa; 3- BHeLWHNe y3nbl
cyneparneMeHTa.

Mopenu cynepaieMeHTa U TOJCTPYKTYpPhl OMUCHIBAIOTCS MPAKTHYECKU OJWHAKOBO, U
MPEJICTABIISIIOT CO00M OOBIYHBIN HAOOp MaHHBIX JOTOJHEHHBIN 3aMMCHI0 C HOMEPAMHU BHEIIHUX
y3JI0B W, JUISl CyNEpaJIeMEHTa, CIOCOOOM XpaHEHUs MaTpull U TpeOyeMbIMU CBOWCTBaMU
(MEXaHUYEeCKMMH U TEIUIOBBIMH). Pa3zHuIla 3aKitoyaeTcsi B MOpsiIKE 0OpadOTKH TaHHBIX B XOE
BBIYHCIICHUI W, COOTBETCTBEHHO, B OTPAHUYCHHSIX HA UCIIOIh30BaHUE.

Jlis cymepaneMeHTa MaTpHUIlbl, OMUCHIBAIOIINE TpeOyeMmble CBOWCTBA, BBIYHUCISIOTCS
MIpEeABAPUTENILHO, CIIEI0BAaTEILHO, CBOMCTBA CyIepIIeMEHTa TTOCTOSTHHBI U HE MOTYT U3MEHSITHCS
B [IPOIIECCE BHIUMCIECHUN.

[ToacTpykTypa oOpabaTsiBaeTCsi Py BEIYUCIECHUSX, IS OOIIEH MOIeNH, U, B CYIIIHOCTH,
MpeJICTaBisIeT cOO00 Pa3sHOBUIHOCTH OMMCAHMSI O0IIEH MOJIeNH B BIIe KOMOMHAIMK Mojeneil. B
MOJICTPYKTYpPE MOTYT HCIIOJIb30BAaThCSI BCE AIIEMEHTHI 0€3 OrpaHUYeHUH.



[ToacTpyKTYphI U CyNep3JeMEHTHI B 00IIEH MOJIEN ONUCHIBAIOTCS CXOIHBIM 00pa3oM: B
Ha0Op aHHBIX BBOJUTCS 3aIKCh O CYNEP3JIEMEHTE WIH MOACTPYKTYpE, COAEprKallas CCbUIKY Ha
¢aiin ¢ onMcaHMEM COOTBETCTBYIOIIEH MOJENH, U TNIOOATBbHBIM HOMEpa BHEIIHUX Y3JI0OB TOTO
3JIEMEHTa B TMOPSIIKE UX JOKaJIbHON HymMepalMu B MOZENIHU cymnepaieMeHTa. [Ipu 3ToM B oiHOM
3alUCH MOXET OBITh OMHMCAaHO HECKOJBKO BKIIIOYEHHU (IayOJei), ¢ pasHbIMH KOMOWHAIMSIMU
r7100abHBIX HOMEPOB BHELIHUX Y3JI0B. Tak, JJis OMMCaHUS MOJENHU, IPEACTAaBICHHOW Ha pHC.
3.22.1, Hy)XHa TOJBKO OJIHA 3aIMCh O CBOMCTBAX CYNEpAJIEMEHTa CO CCBUIKOW Ha OAHH (haili u
200 ny6nssMu KOMOHMHAIIMA HOMEPOB BHEITHUX Y3JIOB.

B nporpamMe uCHoONB3YIOTCS CIEAYIOIINE HA3BAHUS:

o -3anuck cynepanemeHma (noOCmpyKmypol)— 3TO 3aIlUCh, COJCpIKAIIas ONHCAHHE
CyIepaJIeMEHTa WK TOJCTPYKTYPHI,
. - haiin cynepanemenma (noocmpyxmyput)— 310 (haiin, comepikanmil Bce UCXOTHBIC

JaHHBIE NI MOJEJIM CYNEpAJIEMEHTa WU MOACTPYKTYpbl, Ha KOTOpBIM HMMeeTCs
CChUIKA B 3aIIUCH CyNEP3JIEMEHTA.

B oOmeii Momenu cynepasieMeHTbl W TOACTPYKTYPBI OTOOPa)KAIOTCS OJMHAKOBO.
Toukamu 3en€HOro 1BeTa OTOOPaKAIOTCSI BHEIIHHWE Y3J7bl M BBIBOAMTCA YHPOILIEHHOE
n3zobpaxxenne ux moxenei. [Ipu aTom, ecnu B aiiyie onucaHus CylneplIeMeHTa OTCYTCTBYIOT
Kakue MO0 rpaduyeckue 3JeMEHThl, TO B KAa4eCTBE YHPOILEHHOIO M300pa)KeHHs BBIBOJUTCS
napauiesienuIe]l, 0XBaThIBAIONINI radaputsl Mogenu. Ecnu B (aitne onucanus cynepaieMeHTa
WIA TOACTPYKTYpPBl TPUCYTCTBYIOT Kakue JnOo rpaduyeckue 3JIeMEeHThl (IIPUMUTHUBBI,
IIOBEPXHOCTH, TEJa) TO MPHU I'pa)uueCKOM BBIBOJIE CYIIEPIIEMEHTA OHU OTOOPaXKaroTCsl BMECTE C
BHEUIHUMH y3namu. Mimoctpanus npeacrasineHa Ha puc. 3.22.2. Crnoco0 BBoJa NPUMHUTHBOB
HE UMEET 3HAYEHHUs. DTO MOTYT OBITh CHEIHMAIBHO BBEIEHHBIC DIIEMEHTHI, BBIICJICHHBIE pEOpa 1
I'PaHMLIbI U T.JI.

B ¢aiimax cynepaneMeHTOB W TOACTPYKTYp HE MOXKET COAEPXKAaThCS 3ammceit
CYIIEPAJIEMEHTOB U MOJACTPYKTYP, T.€. BO3MOKEH TOJIBKO OJIMH YPOBEHb IEKOMITO3UIIUN MOJEIIH.

[Ipy BBOJE MAAHHBIX [UIS CYNEPIJIEMEHTOB M MOACTPYKTYpP C HCIIOJIb30BAaHUEM
rpadMueckoro  peJakTopa aBTOMATHYECKH  3allpelialoTcs  KOMaHAbl  pelaKTUpOBaHMS,
MO3BOJISIIOIIME HM3MEHUTh OTHOCUTENIBHOE DAcCIOJIOKEHHE Yy3JI0B B MOJCTPYKTypax u
cynepaneMeHTax. T.e. y3iibl, CBA3aHHbIE ¢ KaKIOW MOJCTPYKTYPOI, MOTYT OBbITh MepeMenieHbl
WM TIOBEPHYTHI TOJBKO BMECTE.

[Tpu BbIBOJE M300pa)KEHMsST BO3MOXKHO YKa3aTh MOJCTPYKTYpPbI M CYMEpPAJIEMEHTHI s
KOTOpBIX Tpelyercs MoapoOHOe OToOpa)keHue, T.e. OTOOpakeHHWE MOJIENM CYNepITEeMEHTa.
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Puc. 3.22.2. OTobpaxeHune cynepanemMeHTa: a —MoAesnb U3 cynepanemeHTa; 6 —
oToOpaxkeHne cynepanemeHta 6e3 rpaguyeckmx 3MeMeHTOB, 8 — MOAerb
cynepanemMeHTa C BBEAEHHbIM rpaduU4eckMm 3feMEHTOM B BuUAE JIMHENHOWN
OCECUMMETPUYHON MNOBEPXHOCTU,. & — OTobpaxeHne cynepanemMeHTa c
rpadpudeckumn anemMeHTamn B dawurne onucaHus. 1 — BHeLWHWe y3nbl, 2 —
YNpPOLWEHHOEe rpadumyeckoe oTobpaxeHne, 3 — nNUHenHass ocecMMMeTpuyHasi
NMOBEPXHOCTb.
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3.22.1. CynepanemMeHT

[TonpoOHO MeTOI CymepaieMeHTOB M3NokeH B /13 u ap./. CymepaneMeHT npesnoiaraer
npeaBapuTeNIbHOe (POPMHUPOBAHUE MATPHII, OMUCHIBAIOIIMX €r0 CBOKMCTBA MYyTEM HCKIIOYCHUS
BHYTPEHHHX Y3JI0B. TakuM 00pa3oM, CyNEpaJIEMEHT — 3TO AJIEMEHT C I'€OMETPUYCCKUMH U
(GU3NYECKUMHU CBONCTBAMH HE 3aBUCSIIMMHU OT MEPEMEIICHHUH, TeMIlepaTyp U Jp. U €ro
OIPOOHAsT MOJICIIb HE MOYKET CO/ICPIKaTh KOHEUHBIX 3JICMEHTOB, M3MCHSIOIIMX €r0 CTPYKTYPY H
CBONCTBA.

B cymepaneMeHTe BBACISIOTCS BHEUIHUE Y3JIbI, KOTOPHIMH CYIEPAJIEMEHT CTBIKYETCS C
JIPYTUMH 3JI€MEHTAaMH, U BHYTPEHUHUE Y3JIbl, KOTOPhIC UCKIIIOYAIOTCS B MPOIECCE ONPEIEICHUS
CBOMCTB cymepaieMeHTa. COOTBETCTBEHHO, B JTHX Yy3JlaX ONPEACISIFOTCS BHEIIHUE |
BHYTPCHHHUE Y3JIOBbIE HEM3BECTHBIC. J[J1s1 y100CTBa N3JI0KEHHUS TPUMEM, YTO BHEIIHUE y3JIOBBIE
HEHM3BECTHBIC PACIIONOXKCHBI B HAa4ale U UMEIOT HOMepa OT 1 0 # — oOLIero 4ucia BHEITHUX
Y3JIOBBIX HEW3BECTHBIX. OOIIee YHCIO Y3JIOBBIX HEU3BECTHBIX HEU3BECTHBIX MOJIEIU
CyIepaJIeMEHTa PaBHO NV.

Marpuiibl, ONpeACISIONINe CBOWCTBA CYNEPIJIEMEHTa, OMNPEACISIOTCS  CICIYOIUM
obpazom

K u] = [‘? ]TI[K 5 ][¢], MaTpula KECTKOCTU CyIepIIeMEHTa,
_‘Mra ] = [¢] [‘Mr 5 ]['? ], MaTpulla MHEpPLUH CyNep3JeMeHTa,

:Co ] = ['? ]T [Cs ]['? ], MaTpula AeMrnQupoBaHUS CYIEpITEMEHTA.
31ech

M. lc. ]K.].

CYIIEpIJIEMEHTA,

MaTpUIBl HMHEPUHH, AeMI(DUPOBAHUS U IKECTKOCTH MOJEIH

t;ﬁ] T [{gl }? {gl } : {gn }] - MaTpuLa (popMsI CyrepaIeMeHTa, pa3MepoM 7 Ha V.
‘{%} - BEKTOp (OpMBI CyNEpIIEMEHTA, COOTBETCTBYIOLIMH BHELIHEMY Y3JI0BOMY
HEU3BECTHOMY C MOPSAJIKOBBIM HOMEPOM i, B KoTopoM ¢j =0, npuj <=mn; qj=1, npuj=i,
a OCTaJIbHBbIE IEMEHTHl BEKTOpa IIOJIY4YEHbl M3 YCJIOBUS CTAaTUYECKUX NEPEeMEIICHUH Ipu
3aJIaHHBIX 3HAYEHUSAX BHEIIHUX Y3JIOBBIX HEM3BECTHBIX.

BekTop npuBeeHHBIX BHYTPEHHUX CHJI CYIIEPAIEMEHTA ONPENENIIETCS BBIPAKECHUEM

{F, 1=l {7}

rae {Fq } BEKTOP BHYTPEHHHUX Y3JIOBBIX YCHUJIMH CYIIEPIIEMEHTA.

Bektop nepemerenuii cynepanementa {(s} mocie BBIUMCIEHHS TIEpEMEIEHHMI 00meit
MOJIETIN ONPEIENSIETCS BBIPAKEHUEM

(0.)=llo, )+ & {F}

{Q,} — BexTOp MEpeMeNIeHNI BHEIIHHUX Y3JI0B CYNEP3JIEMEHTa,

v

K, | - MonuduuupoBanHas MaTpuIa xKECTKOCTH, COZlepyKalias TOIbKO KO()PUIMEHTHI
IIPY BHYTPEHHUX Y3JI0BBIX HEU3BECTHBIX.

OpueHTanus cymnepaieMeHTa B 00IIeil MOJIeNH BBIMOJIHACTCS MO KOOpPAWHATaM TPEX €ro
BHEUIHUX Y3JI0B, BHIODAHHBIX TaKMM 00pa3oM, 4TOObI OHU HE JIeXaJld Ha OJHON MpsMOill u
HaXOJWINCh Ha MAaKCHUMAaJbHO BO3MOXHOM pAacCTOSIHMM JApPYr OT jApyra. Beibop 3Tux y310B
BBITIOJTHSIETCS] aBTOMAaTUYECKH MPpU (OPMUPOBAHUU CYyIIEpITIEMEHTA.
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Jlanee, 1O BBIYUCICHHOMY BEKTOPY MEpEMEIIEHUIl CymepaieMeHTa OIpeessioTCs
HAIpPsDKEHUS B 2JIEMEHTAaX, BXOAIIUX B €0 MOJEIb.

Jlanee, 1O BBIYUCICHHOMY BEKTOPY MEPEMEIIEHUI CymepaieMeHTa OMpeessioTCs
HAINpPsDKEHUS B 2JIEMEHTAaX, BXOAIIUX B €0 MOJIEIb.

CynepaneMeHThl UMEIOT CIIEIYIOIIE OTPaHUYCHHUS:

® MAaTpHIIbI, ONMHUCHIBAIONINE €0 CBOMCTBA, JOJIKHBI OBITH IPEIBAPUTEIHEHO BHIYHCICHBI U

XpaHUTHCA B (aiiie CyneprIeMeHTa;

® [pU BApUAHTHBIX pacuérax © TNpH y4ETe M3MEHEHUS Harpy3oK BO BpEMEHHU
KOX(QPUIUEHTHl HM3MEHEHUS Harpy3oK MOTYT OBITh 33JaHbl TOJBKO [UIS BCEro
MPUBEICHHOTO BEKTOPAa BHYTPEHHUX Y3JIOBBIX YCHIIHH.

® VY3JIOBBIC CHJIOBBIE M KHHEMAaTHYECKHE TPAaHUYHBIYCIIOBH  (CHJIBI, MOMEHTHI,

NepeMeIeH s, CKOPOCTH) 3a/JlaHHbIe B IOACTPYKTYpax OPHEHTHUPYIOTCS B TOOaIbHOM

cHCTeMe KOOPAMHAT MOJICIH CyIEPAJIEMEHTA.

Bo3MoXHBI /1Ba BapHaHTa XpaHEHHs MaTpHUI] CyIEpIJIeMEHTa: B 3allCH U B

(aiine.

XpaHneHue B 3amucu oOecriedyuBaeT ObICTpoe (HOPMUPOBAHHE MATPUI[ B IPOLECCEe
BBIYHCIICHUH, HO OTpaHMYMBAET OOBEM MAaTpPUI] C TOYKH 3PEHHS BPEMEHH MAaHMITYJSIIUN C
daiinom maHHBIX. OTOT CHOCOO 1ENIeCOO0pa3HO HCIONB30BaTh ISl CYNEPITEMEHTOB C
HEOOJBIIMM YHUCIOM BHEIIHHX Y3JIOB, OINPEICIAIONNM O0BbEM XpaHMMBIX MAaTpPHUL, IIPH
MHOTOKpPaTHOM (pOPMHPOBAHUU MATPHI] B TPOLIECCe BBIYMCICHUN. [IpuMEpoM MOXKET CIIyKUTh
OIMCaHUEe 3BEHAa MEXaHU3Ma MPH PEIICHUU 33Jja4ll HeJIMHEHHOro TMHAMUYECcKoro aHanusa. [Ipu
3TOM, C LENbI0 KOHTPOJII HM3MEHEHHH 00s3aTelnbHOEe OOHOBJIEHHE MATpHIl CYyHEep3IeMEHTa
BBINIOJIHSCTCSI B HayaJle BBIYMCIICHH, ¥ €CIIU B (aiiie CynepaieMeHTa OTCYTCTBYIOT MaTpHIIbI,
TO 00 3TOM BBIBOAUTCS COOOIICHWE, a JJIsl BBIUYMCIICHUH HCIIONB3YIOTCS paHee BBEIEHHBIC B
3aIiCh MaTPHUIBL.

JUnst  cymepaieMeHTOB ¢ OOJIBIIMM  KOJMYECTBOM BHEIIHUX Y3JIOB II€JIECO00pa3sHO
UCIOJIb30BaTh BTOPOH crmoco0 XpaHeHus - B aiine. B stom ciaydae oOpamenue k Qaiimy
CyIepaIJIEMEHTA BBITIOHACTCS NP KKION pean3ainui (OPMHUPOBAHUN MaTPUIL B alITOPUTME.

3.22.2. NMoAacTpyKTypa

OCHOBHBIM, MPUHIMIHAIBHBIM OTJIUYHEM HOJACTPYKTYPBI OT CyIEepdJieMeHTa SBISETCS
TO, YTO BBIYMCICHMS JUISL TOACTPYKTYP BBINOJHSIOTCS B OOIIEH MOJENu, T.e. B CYIIHOCTH
MOJICTPYKTYpa siBIsieTcsl GOPMOI MpeacTaBIeHUS UICXOAHBIX JaHHBIX. Mo/ienb peACcTaBseTcs B
BUJIE COBOKYITHOCTH YacTel, ONMMCAHHBIX B OTAENbHBIX (aitnax. I[Ipu 3ToM, B OCHOBHOM ailne
MOTYT UCIIOJIB30BaThCS BCE DJIEMEHTHI, pEAIM30BaHHbIE B IIPOrpaMMe.

Mogene MOACTPYKTYpBI, Kak W OObIYHAS MOJENb, MOXET COJAEepXkaTb 3JIEMEHTHI C
HEJIMHEWHBIMM CBOMCTBAMH MarepHasia, Ko3()pQUIMEHThl NMpU Harpy3kax, a TakKe 3JIEMEHTbI
U3MEHSIOIINE CTPYKTYPY MOJEIH.

[ToacTpyKTypsl IMEIOT CIIEYIOIIME OTPAaHUYECHUS:

e KodpQUUIMEHTH TpU HArpy3kax, 3aBHCAILIME OT IapaMeTpoB, a TakXke B TabIuIax
BAPUAHTOB PACUYETa, YUUTBHIBAIOTCS Ul KaXIOW 3allUCU HArpy30K B IOJACTPYKTYpE, HO
OJIMHAKOBBI JUISl BCeX AyOuiel MoACTPYKTYphI;

® [IpU HMCIIOJI30BAaHUM TAOJIMIl BAPUAHTOB HArPY>KEHUS] UMEHA 3amuceil Harpy30K JOJDKHBI
OBITh YHUKAJIBHBI 17151 BCEro Habopa TaHHBIX.

L4 Y3JIOBEIC CHJIOBBIC n KHHEMATUYCCKUE I'paHUYHBIYCJIOBU (CI/IJ'IBI, MOMCECHTHI,
nepeMelIeH!s, CKOPOCTH) 3aJaHHbIe B MOJCTPYKTYPaX OPHUEHTHPYIOTCS B TOOAIBbHON
CHCTEME KOOPANHAT OCHOBHOTO (haiina.
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3.23. KpenéxHble 3f1eMeHTbl

Bce paccmoTpeHHbIe B JaHHOM pa3ielie AJIEMEHTHI SIBISIFOTCS KOMOMHALIUEH CTePyKHEBBIX
Y KOHTaKTHBIX 3JIEMEHTOB.

DJIEMEHTHI CBSI3bIBAIOT /1B y3J1ai U J.

Jns  mpocredmiero aneMeHTa, a TakkKe Uil TOJOBKM M Talkd  BO3MOXHO
HEMOCPEACTBEHHOE 3aJJaHNE HAaYallbHBIX JAe(opMalii pacTsKEeHUS.

Kpome Toro, B mporpaMmMe peain30BaH alfOPUTM BBIYUCICHHS HAYAIbHBIX JIehopManii
IIPY 33JIaHHBIX HANPSKEHUAX WIN YCUIIUAX PACTSKEHUSI-CoKATHS KPENEXKHBIX 2JIEMEHTOB. B 3TOM
ciydae TpeOyeMble HaudajdbHBIC YCHIIMS WM HAINPSHKEHUS YKA3bIBAIOTCS B COOTBETCTBYIOIICH
3alUCH Iepe]l TPYIION 3JIEMEHTOB.

MopnenupoBanue peadbHBIX KPEMEKHBIX JJIEMEHTOB OCYIIECTBISIETCS KOMOWHAITUEH
3JIEMEHTOB, MIEPEYNCIICHHBIX HUXKE.

3.23.1. NMpocTenunin KpenexHbIN ANIeMEHT

[TpocTeiimmii  KpenéxHbIA  AJIEMEHT MpeJICTaBiIsieT U3 ce0d  NpAMOJIMHEHHBIN
IIPOCTPAHCTBEHHBIH Opyc TpyO4aTroro cedyeHuss C JBEHAAUATbIO CTEHEHSAMU CBOOOJbI
(puc.3.23.1.1), wucnbITbIBarOIUK edOpMalUU  PACTHKEHHSI-CKATUS u u3ruba B JBYX
IUIOCKOCTSIX U KpYUYEHHUS.

CedeHue 31€MeHTa IOCTOSHHO 110 JAJIUHE.

VYuuTBIBalOTCS TeMIepaTypHble AeGOopMaluu B BUJE TEIUIOBOI'O PACIIMPEHUS CTEPKHS
BJI0JIb €0 OCH.

JlokanpHasg cuctemMa KOOPAMHAT JIEMEHTAa OPUEHTHPYETCA IO JBYM Yy3jaM, Kak AJis
IIPOCTOro CTepykHsA. HeWTpaibHasg JNHMHUA DJIEMEHTa COBIANAET C OCBKO OX €ro JIOKAJIbHOU
CHCTEMBbI KOOPJIMHAT, @ OCh 0y JIEKUT B IJI0CKOCTU XOY r11006a1bHOI cUCTEMbI KOOPAMHAT.

2

L)

a)

X =} R

Puc. 3.32.1.1. TNpocTenumin KpenéxHbll 3feMEHT.
a — cxema ariemeHma, 6 — OCHO8HbIe rapamempesi.
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Marepuain 31eMeHTa MOXKET ObITh U30TPOITHBIM, AHU30TPOIHBIM HIJIM OPTOTPONHBIM. J1Jist
AQHU30TPOMTHOTO W OPTOTPOITHOTO MaTepHalia HampaBieHHs AehopMarii COOTBETCTBYIOT
HAIIPABJIEHUSAM OCEU JIOKAIIbHON CUCTEMBI KOOPJIMHAT 3JIEMEHTA.

Bxoousie oannvie:

JUia sneMeHTa 3alaloTcs HOMEpa CBA3BIBAEMBIX Y3JI0B I M j, HapyXHbli D u
BHYTpeHHUH d nuamertpsl. Eciu 3apaHee n3BeCcTHA HadanbHas AedopMarus

& =A4L /L,

TO OHA TaKXe MOXKET ObITh 3a7aHa. Eciau TpeOyercs e€ mpeaBapuTelIbHOE ONpeIeeHne
TO Tepe] OINUCAaHMEM 3JIEMEHTa BCTAaBIISIETCS 3allUChb C YKa3aHUEM TpeOyeMoH BeIMYMHBI
HAYaJbHOIO HAINPSOIKEHHUS WM YCWIMS B 3JEMEHTE U IOCIE OKOHYATEJIbHOTO IIOCTPOEHUS
MOJIEJIM  3aIlyCKaeTCsl aJIrOPUTM BBIYMCIECHUS HadalbHBIX JAedopMaluii HpH  3aJaHHBIX
HANPSDKEHUSAX WU YCUIIMSIX PACTSKEHUS-CoKaTUSl KPENEKHBIX AIIEMEHTOB.

MexaHnnueckue CBOWCTBA MaTepuaia YKas3bIBalOTCS B COOTBETCTBYIOLIECH 3amucH,
pacroJjiaraeMoil nepej OnucaHUueM 3JIEMEHTOB.

Bovixoonwvie oannvie:

Jlnist 37IeMEeHTa BBIYMCISIOTCS M BBIBOJSTCS TE€ K€ PE3YJIbTaThl., YTO M JUISL CTEPXKHS -
aAMIUTMTY/IHBIC 3HAYEHUs HOPMAIBHBIX HANPSDKCHUS OT PACTSHKCHUS CKATHS, HOPMAalIbHBIC U
KacaTeJbHbIE HANPSHKCHHUS OT M3TM0A B IUIOCKOCTSAX X0y W X0Z, KacaTelbHbIC HAIPSDKCHHS OT
KpydeHUs 7 , a TakKe MHTEHCUBHOCTH HAIPsHKCHMA. HanpspkeHUsT BRIYUCIISIOTCS B JIOKATBHON
CHUCTEME KOOpJMHAT I10 CHJOBBIM (haKTOpaM M XapaKTEPHCTUKAM CCYCHHS.  BBIBOASTCS
AMIUTMTY/IHBIC 3HAYCHHS HANPSDKESHUH, ONpenesieMble MyTeM IOCICIOBATEIbHBIX BBIYMCICHUAN
JUTSL BCEX OIACHBIX TOYEK JIBYX CEUCHUH, PACIIOIOKCHHBIX B y3JIaX i U j.

Kpome wHanpspkeHu#d mnporpaMMa OOECIeUMBaeT BBIYMCICHHE W BBIBOJ CHIIOBBIX
(bakTOpoB (PaCTATUBAIOICH CHIIBI px , IEPEPE3BIBAIOLINX CHII Py H p-, U3THOAIONIMX MOMEHTOB
my W My B y3MaxX [ U j, a TAK)KE KPYTAIIETO MOMEHTA /1y B JIOKAJLHOW CUCTEME KOOPJIUHAT ).

Bce pe3ynbTaThl MOTYT BBIBOAMTHCS KakK B Tpa)UIeCKOM, TaK M B TAOJIMYHOM BHJIE.
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3.23.2. linunbka

DNeMEeHT TmpeaHa3HAYCH IS MOJICTHPOBAHUS IIWIMHIPHUECKON YacTh 0oMTa, IIMUAIBKA
WJIM BUHTA IIPU BO3MOKHBIX KOHTAKTaX C OTBEPCTUEM B pe3yjbTaTe OTHOCUTEIHLHOTO CMEIEHUS
YyacTeil MOJIeSU B HAIMIPaBJICHUU NEPICHANKYIIPHOM OCH 3JIEMEHTA.

DneMeHT MpeAcTaBiseT U3 ceds MPSIMOJIMHEHHBINH MPOCTPAHCTBEHHBIN Opyc KpYIiioro
CEUCHHUs C JIBEHAIAThIO CTEmeHsMH cBOOOAbI (puc.3.23.2.1), ucneiThiBaronmii nedopmanun
PaCTSDKEHUA-CKATUS UM U3TH0A B IBYX IJIOCKOCTSAX M KPYUEHHUS.

CeueHue 37€eMEeHTa [TOCTOSHHO I10 JIJIUHE.

DNEeMEHT MOXKET BXOAMTh B KOHTaKT C OJIMKAMIIMMU TOYKAMHU JPYTHX 3JIEMEHTOB,
PaCTONI0KEHHBIMU B KOHTPOJIHPYEMOU 001acTu

Y4uTHIBAIOTCS TeMIlepaTypHble AeQopMalii B BHJIE TEILUIOBOTO PACIIUPEHUS CTEP>KHS
BJI0JIb €0 OCH.

JlokanbHasg cucTeMa KOOPAMHAT AJIEMEHTa OPUEHTHPYETCA IO JABYM y3JaMm, Kak MAJis
pocToro crepkHs. HeWrTpasibHas JNHMHHSA 3JIEMEHTa COBIAJAET C OCbI0 OX €ro JIOKaJbHOU
CUCTEMBI KOOPJMHAT, & OCh 0y JIEKUT B MIIocKocTU XOY r1106anbHoi cucTeMbl KOOPIMHAT.

Martepuan 3eMeHTa MOKET OBITh U30TPOITHBIM, aHH30TPOITHBIM HJIA OPTOTPOITHBIM. JJIst
aHU30TPOMHOTO U OPTOTPOMHOrO0 MaTepHualia HampaBiieHus JedopMaluii COOTBETCTBYIOT
HaIpaBJICHUSAM OCEH JIOKAIbHOW CUCTEMBbI KOOPJIMHAT 3JIEMEHTA
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Puc. 3.32.2.1. Wnunbka.
a — cxema anemeHma, 6 — criydau KOHmakma y3/108bIX MOYeK C No8epxXHOCMbHO
anemMeHma, 8 — OCHOBHbI€E rapamempesl.
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Bxoonuvle dannvie:

st arieMeHTa 3a1atl0TCsl HOMEpa CBSA3BIBAEMBIX Y3JI0B { M j, HapyXHbIH nuametrp D u
JUaMETp KOHTPOIUpYyeMoi obnactu d, OOBIYHO TPUHUMAECMBIN PaBHBIM JHAMETPY OTBEPCTHS, B
KOTOPOM pa3MellaeTcs MIUIbKa.

Mexanuyeckue CBOICTBAa MaTepualia YKa3bIBAlOTCSI B COOTBETCTBYIOIIEH 3alucw,
pacrosaraeMoii rnepej OnMMCaHUEeM AJIEMEHTOB.

Buixoonwvie oannuvie:

Jlyis sieMeHTa BBIYUCISIOTCS W BBIBOIATCS TE€ YK€ PE3YNbTAThl., YTO W JJISI CTCPXKHS -
AMIUTMTY/IHBIC 3HAYEHUS HOPMAIBHBIX HAIPSDKEHUS OT PACTSHKCHHUS CXKaTHS, HOPMAaJIbHBIC U
KacaTeJbHBIC HAIMPSHKCHHSI OT M3TM0a B TUIOCKOCTSX X0y U X0z, KacaTelbHbIC HANPSDKEHUS OT
Kpy4eHHs 7% , a TakKe MHTCHCHUBHOCTh HampsbDKeHUI. HanpsokeHus BBIYUCISIIOTCS B JIOKAIBHOU
CHUCTEME KOOpJWHAT I10 CHJIOBBIM (haKTOpaM MW XapaKTECPUCTUKAM CCYCHHS.  BBIBOIATCS
AMIUTMTY/IHBIC 3HAYCHHS HANPSHKEHUH, ONpenesieMble MyTeM IOCICIOBATEIIBHBIX BBIYMCICHUN
JUTSL BCEX OIACHBIX TOYEK JIBYX CEUCHUH, PACIIOIOKCHHBIX B y3JaX i U j.

Kpome wHanpspkeHu# mnporpamMMa OOECICUMBaeT BBIYMCICHHE W BBIBOJ CHIIOBBIX
(bakTOpOB (PaCTATUBAIOIICH CHIIBI px , IEPEPE3BIBAIOLINX CHII Py H p-, U3THOAIONIMX MOMEHTOB
My W My B y3JaxX [ U j, a TAK)KE KPYTAMIETO MOMEHTA /71 B JIOKAJIbHOW CUCTEME KOOPJIMHAT ).

Bce pe3ynbTaThl MOTYT BRIBOAMTHCS KaK B TPaUIECKOM, TaK M B TAOJIMYHOM BHUJIE.
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3.23.3. Pe3bba

DNeMeHT MpeaHa3HaueH I MOJICIHPOBAHUS B3aUMOJACUCTBUS Pe3b0OBON 4acTh 00ITa,
LITMWIBKY WM BUHTA C YaCThIO MOJIEJIH, COCTOAIIECH U3 IPYTUX TUIIOB 3JIEMEHTOB.

DJeMeHT IpeAcTaBisieT u3 ceOs MPSIMONMHEHHBI MPOCTPAHCTBEHHBIH OpyC KpYTJIOTO
CEYCHMS C JIBEHAANATHhIO CTeneHsMH cBoOoabl (puc.3.23.3.1), ucnbIThIBaOIMKA nedopmarun
PaACTSDKEHUS-CKATUS ¥ M3THOA B IBYX IJIOCKOCTSIX M KPYUCHHUS.

Ceuenune 3JeMeHTa MOCTOSHHO 110 JIJTHHE.

DIEMEHT MOXKET BXOJHWTh B KOHTaKT C OJIMDKAWIIMMU TOYKAMHU JPYTHX 3JIEMEHTOB,
PacCIOJIOKEHHBIMHU B KOHTPOJIUPYEMOH 00J1acTH

Y4uuThIBalOTCA TEMIIEpaTypHbIe AedOpMaIllii B BUJIE TEIUIOBOTO PACHIMPEHUS CTEPIKHS
BJIOJIb €TI0 OCH.

JlokanpHas cucTeMa KOOPAMHAT 3JIEMEHTa OPUEHTUPYETCS MO JBYM Y3JIaM, Kak JJist
npoctoro crepxHs. HeilTpanbHas JuHUS 3JIEeMEHTa COBIIAJA€T C OCBIO OX €ro JIOKaJIbHOM
CHUCTEMBbI KOOPAMHAT, a OCh 0y JIeKUT B TI0cKOCTH XOY 11100a1bHOM CHUCTEMBI KOOPIUHAT.

Matepuai 37eMeHTa MOXKET ObITh H30TPOITHBIM, aHU30TPOITHBIM HJIH OPTOTPOITHBIM. 115t
AQHU3O0TPOITHOTO W OPTOTPOIHOrO0 MaTepHalia HampaBJIeHUs JedopMaliii COOTBETCTBYIOT
HaMpaBJICHUSM OCEH JIOKATbHON CUCTEMbI KOOPIMHAT 3JIEMEHTA
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Puc. 3.32.3.1. Pe3bba.
a — cxema aniemeHma, b6 — y3/bl C8513bI8aeMble 3/IEMEHMOM, 8 — OCHOBHbIE
napamempabi.
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Bxoouvie dannvie:

Jlig sieMenTa 3a/1al0TCs HOMEpa CBSI3bIBAEMbIX Y3JIOB i U j, nuameTp D u mar pe3bOsl
h. llar ucnionb3yeTcs A onpeneneHus JuaMerpa ceueHus snementa. [lpu 3aganuu HyneBoro
3HaYeHMsI mar onpenensercs no hopmyne h = 0,15 D. KoHnTpoiupyemoid 00J1acThI0 CYUTAETCS
BeCb 00BEM 3JIEMEHTA.

Mexanuueckue CBOMCTBAa MaTepuajia yKa3bIBalOTCS B COOTBETCTBYIOIIEH 3allMCH,
pacroJiaraeMoi nepeJi OMCaHueM FJIEMEHTOB.

Bovixoousvie oannvie:

JUia 3neMeHTa BBIYMCISAIOTCS U BBIBOIATCS TE K€ PE3yJbTaThbl., YTO M IS CTEPXKHS -
AMIUIMTY/IHbIE 3HAUEHUs HOPMAJIbHBIX HANpPSDKEHUS OT PAaCTSDKEHUS CHKaTus, HOPMaJIbHBIE U
KacaTeJbHblEe HANPSXKEHHUs OT M3ruba B MJIOCKOCTAX X0y M X0z, KacaTellbHble HANPSDKEHUS OT
Kpy4eHHs 7% , a TaKK€ MHTCHCUBHOCTb HalpspDKEeHUHN. HanpskeHus: BBIYUCISIIOTCS B JIOKAJIBHOU
CHUCTeME KOOpAMHAT IO CHJIOBBIM (akTOpaM M XapaKTEpUCTHUKaM CedeHus. BwBogsTcs
aMIUIMTYZIHbIE 3HAYCHMs HANPSIKEHUH, ONpeneseMble MIyTEM MOCIEI0BATEIbHBIX BBIYMCICHUN
JUISL BCEX OIAaCHBIX TOYEK JABYX CEUEHUH, paCIOJIOKEHHBIX B y3JIaX i U j.

Kpome HanpspkeHuii mnporpamMma o0€cleYMBaeT BBIUMCIEHHE M BBIBOJ CHUJIOBBIX
(dakTopoB (pPacTATMBAIOLIEH CUIIBI px , IEPEPE3BIBAOIINUX CHII Py U Pz U3TUOAIOIINX MOMEHTOB
My W my B y3JaX i W j, a TAKXKe KPYTSAIIEr0 MOMEHTA 7 B JJIOKaIbHOM cUCTEMe KOOpJIUHAT ).

Bce pe3ynbTaThl MOTYT BHIBOJUTBCS KaK B rpa)u4ecKoM, TaKk U B TaOJIMYHOM BHJIE.
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3.23.4. LLlanoba

DOneMEeHT npeJHa3HayeH AJI1 MOJEJIMPOBAHMS B3aUMOAECHCTBUSI IUIOCKUX MOBEPXHOCTEN
KPYTJI0 TUIOCKOH 11aif0bl ¢ YaCThIO MOJIEIIHN, COCTOSALICH U3 IPYrUX TUIIOB AJIEMEHTOB.

DJeMEeHT MpenCTaBIseT U3 ceOsl MPSIMOIMHEHHBIN MPOCTPAaHCTBEHHBIN Opyc TpyO4aroro
CEYCHHS C JIBCHAANATHhIO CTeneHsMH cBoOOabI (puc.3.23.4.1), ucnbIThIBaOIMKA nedopmarun
PaCTSKEHUS-CKATUS U U3rN0a B IBYX TUIOCKOCTSIX U KPYUCHHSI.

Ceuenue 37eMeHTa TOCTOSHHO T10 JIJTUHE.

DIEMEHT MOXKET BXOJHWTh B KOHTaKT C OJIMDKAWIIMMU TOYKAMHU JPYTHX 3JIEMEHTOB,
PacroJOKEHHbIMUA B TUIOCKOCTSIX MOBEpXHOCTeW maiiobl. [lpu sTom ycuine B3auMoaencTBUs
JEMCTBYET 0 HOPMAJIM K IIOBEPXHOCTH 11aHOBbI, T.€. BI0JIb OCH 3JIEMEHTA.

Jlist cBSI3M 3aXBaTHIBAIOTCS Y3JIbI JIeXKAIlME B TIOCKOCTSX IIAi0OBI U PacIioIOKEHHbIE Ha
pPacCTOSTHUU MEX]Ty BHYTPCHHUM U HApY>KHBIM THaMETPaMHU MIaiObI.

Crnenyer y4uThIBaTh, YTO MPU KOHTAKTE 1Iai0bl ¢ TalfKOi MM TOJIOBKOM, y31bl IIAWOBI i
U j, HE JOJDKHBl COEOUHATHCS C Yy3JIaMU O3TUX D3JeMEHTOB. [lOMKHBI TOJIBKO COBIAAATh
KOOPJUHATHl COOTBETCTBYIOIINX Y3JIOB IIaObl U MEPEUNCICHHBIX JIEMEHTOB. JTO HEOOXOAMMO
IUIs1 HOPMaJIbHOW paOOThI TalKK M TOJIOBKH MTPH CO3IaHUH MTPEIBAPUTEIEHOTO HATSKEHHSL.

Y4uTHIBAIOTCS TeMIepaTypHble AeQopMalii B BHJIE TEILUIOBOTO PACIIUPEHUS CTEP>KHS
BJI0JIb €0 OCH.

JlokanpHasg cucTeMa KOOPAMHAT AJIEMEHTa OPUEHTHPYETCA IO JABYM y3JaMm, Kak MAJis
pocToro crepxkHs. HeWTpasibHas NMHUSA 3JIEMEHTa COBHAJAET C OCbIO OX €ro JIOKaJbHOU
CUCTEMBI KOOPJMHAT, & OCh 0y JIEKUT B MIIOcKOcTU XOY r1106ansHoi cucTeMbl KOOPMHAT.

Marepuan 351ieMeHTa MOXKET ObITh U30TPOIHBIM, AaHU30TPOITHBIM HWJIM OPTOTPOIHBIM. {715t
aQHU30TPOMHOTO0 U OPTOTPONHOrO MaTepualia HarpaBieHus aedopmanuii COOTBETCTBYIOT
HaIpPaBJIEHUSM OCEH JIOKAJIbHOM CHCTEMBbI KOOpJMHAT JIEMEHTA

Bxoonwvie oannvie:

st aieMenTa 3a1ar0TCs HOMepa CBS3BIBAEMBIX Y3JI0B i U j, auamerp D u TonuuHa A.
KonTtponupyemas o06macTh omnpenenseTcss KOHTypaMH a0kl MU paccTOSHUSMU hyx  OT
MIJIOCKOCTEH 1m1aii0b1, paBHbIMU Ak = 0,15( D-d).

MexaHnudeckue CBOICTBA Marepuaja YKa3blBAalOTCS B COOTBETCTBYIOIIEH 3amucH,
pacrosaraeMoil nepeja OnMcaHUeM JIEMEHTOB.

Buvixoonwvie oannvie:

s sneMeHTa BBIYMCIAKOTCA U BBIBOAATCS TE€ XK€ PE3YIbTaThl, UTO U IS CTEPXKHS -
AMIUIUTYIHbIE 3HAYEHUS HOPMAJIBHBIX HANPSKEHHUS OT PACTSDKEHMS C)KAaTHsl, HOPMAJIbHBIE U
KacaTeJbHble HaNpPsHKEHHUsT OT M3THba B MJIOCKOCTAX X0y M X0Z, KacaTellbHble HAIMPSDKEHHS OT
Kpy4eHHs 7% , a TaKK€ MHTEHCUBHOCTb HanpspkeHUM. HanpsikeHus: BBIYUCISIIOTCS B JIOKAJIBHOM
CHUCTEME KOOpIMHAT IO CUJIOBBIM (paKTOpaM M XapaKTepUCTUKaM ceueHus. BwiBogsTCs
aAMIUIUTY/IHBIC 3HAYCHUS HAIPSOHKCHUH, ONpEIesieMbIe IIyTEM IOCIIEI0BATEIbHbBIX BBIUNCICHUN
JUISL BCEX OIACHBIX TOYEK JBYX CEYEHUH, PACTIONOKEHHBIX B y3JIax i U j.

Kpome HanpsbkeHuit mporpamMma o0ecleunBaeT BBIYHCIEHHE M BBIBOJA CHUJIOBBIX
(akToOpoB (pacTATUBAIOLIEH CHIIBI px , IEPEPE3BIBAIOIIMNX CUII Py U p., U3TUOAIOIIMX MOMEHTOB
My W My B Y3JaX I W j, a TAKXKE KPYTAIIETO MOMEHTA My B JIOKAJIbHOW CUCTEME KOOPIUHAT ).

Bce pe3ynbraTsl MOTYT BBIBOJUTHCS Kak B rpadUyeckoM, Tak U B TAOJIUYHOM BHJIE.
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Puc. 3.32.4.1. lWanba.
a — cxema anemeHma, 6 —ces3b afiemeHma ¢ Opyaumu y3namu, 8 — OCHOBHbIe
napamempei.
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3.23.5. N'anka

DOneMEeHT npeJHa3HayeH AJI1 MOJEJIMPOBAHMS B3aUMOAECHCTBUSI IUIOCKUX MOBEPXHOCTEN
TaliKy C 4aCTbI0 MOJIENH, COCTOSIIEH U3 IPYTUX TUIIOB 3JIEMEHTOB.

DJeMeHT IpeAcTaBisieT u3 ceOs MPSIMONMHEHHBI MPOCTPAHCTBEHHBIH OpyC KpYTJIOTO
WM MHOTOTPAHHOTO CEUYEHHWs C JBEHAIATBhIO CTENeHsMH cBoboabl  (puc.3.23.5.1),
MCTIBITHIBAIONIHIA Je(OpMaIui pacTsHKECHUS-CKATUS M U3TH0a B IBYX TUIOCKOCTSAX U KPYUEHHUSI.

JlokanbHasg cucTtemMa KOOPAMHAT JIEMEHTa OPUEHTHPYETCA IO IBYM y3jaM, Kak AJis
pocToro crepkHs. HeWTpasibHas JNHMHHSA 3JIEMEHTa COBIAJAET C OCbIO OX €ro JIOKaJIbHOU
CHCTEMBbI KOOPJIMHAT, @ OCbh 0y JIEKUT B II0cKOCTU XOY r1100a1bHOI cUCTEMbI KOOPAUHAT.

CeueHue 37€eMeHTa ITOCTOSHHO T10 JIIMHE.

OJEeMEHT MOXKEeT BXOAMTh B KOHTAaKT ¢ OMMKaMIIMMM TOYKaMM JPYTHUX 3JIEMEHTOB,
PACIIOJIOKEHHBIMU B IIOCKOCTSX IOBEPXHOCTEW raWku. Ilpm sToM ycwime B3anMOIEHCTBHUSA
JNEUCTBYET IO HOPMAlU K IIOBEPXHOCTU TailKu, T.e. BIOJb OCH 3JeMEHTAa. KOHTaKT MOXeT
YCTAHABJIMBATHCA ¢ OOEUMU TUIOCKUMHU TOBEPXHOCTSIMU TalKH.

Jlig  cBsA3M  3aXBaTBIBAIOTCS y3JIbI, JIEXKAIIME B IUIOCKOCTAX KOHTaKkTa Talkd H
PacCIIOJIOKEHHBIE BHYTPU JUaMETPa INIOCKOCTH KOHTAKTa raku D.

ITpu >TOM U1 y3/I0B, BXOZASILUMX B KOHTAaKT C TalKOW, 3aJa€Tcs INpeABapUTEIbHOE
IIOJIPKAaTHE B BUJE CMELIEHUS Y3JI0B OT IUIOCKOCTU KOHTakTa AL. IlonoxxurenbHbIM cUMTaeTCs
HAIMpAaBJIEHUE OT TalKH.

VYuuTHIBalOTCS TeMIepaTypHble AepOopMaluu B BUJE TEIUIOBOI'O PACIIMPEHUS CTEPKHS
BJI0JIb €0 OCH.

Marepuan sneMeHTa MOKeT ObITh U30TPOITHBIM, AHU30TPOIHBIM WM OPTOTPOIHBIM. 15
AQHM30TPOIHOTO ¥ OPTOTPOITHOTO MaTepuayia HampaBiIeHus aedopManuii COOTBETCTBYIOT
HaIIPABJICHUSIM OCEH JIOKAJIbLHOM CHUCTEMBI KOOPAUHAT 2JIEMEHTA

CnenyeT y4uThIBaTh, YTO NPU KOHTAKTE railku Cc 1AiOOM c, y3ibl MailObl i U j, HE
JOJDKHBI COEAMHSTHCS € Y3JlaMU 3THUX 3JEMEHTOB. J[OJKHBI TOJIBKO COBNAJaThb KOOPIWHATHI
COOTBETCTBYIOIIMX Y3JIOB IaliObl M MEPEYUCICHHBIX D3JIEMEHTOB. JTO HEOOXOAMMO JUIs
HOpMaJIbHOW PabOThI FAWKM U TOJIOBKH MPH CO3AAHUU NPEIBAPUTEIBHOTO HATSHKEHUS.

Bxoousie oannvie:

Jlns snemeHTa 3aJaloTCs HOMEpa CBS3BIBAEMBIX Y3JIOB i W j, I MHOIOTpaHHHKA
3aaéTcsl Mo TpaHel u pa3mep kiroda H, tuamerp MiocKocTH KoHTakTa D , mar pe3sObl A u
HavaJibHOE Io/KaTue (HaTsokeHue) AL.

[lpu 3agaHum HyneBoro 3HaueHus D onpeaensercs Kak MaKCUMAaJbHBIA JHaMeTp
OKpY>KHOCTH, BIIUCBIBAEMOI B MHOTOT'PaHHHK.

Hlar wucnonb3yercss Uil ONpEeIeNeHHs TuameTpa cedyeHus sinemeHTta. llpu 3amanum
HYJICBOTO 3HAYEHUS IIar onpeaesnsercs no popmyne h=0,15.

Ecnu HavanpHOe mnokatue AL HEW3BeCTHO U TpeOyeTcs €ro mpeaBapUTeIbHOe
OIpeJieJIeHue TO Tepesa ONMCAaHMEeM 3JIEMEHTa BCTaBJSIETCS 3alMCh C yKa3zaHHEM Tpedyemoi
BEIMYMHBI HAYaJbHOTO HAIPSDKEHUS WIM YCWIMS B DJEMEHTE W II0CIie OKOHYATEIHHOTO
MOCTPOCHHSI MOJIENIM 3allyCKaeTCs alrOpUTM BBIUYMCIECHUS HavdalbHBIX Jedopmanuii mpu
3aJJaHHBIX HANPSHKEHUSX WIN YCUIIUSAX PACTHKEHHS-CKATUS KPETIEXHBIX DIIEMEHTOB

MexaHuueckue CBOWCTBAa MaTepHaja YKa3bIBAalOTCSI B COOTBETCTBYIOIIEH 3amucH,
pacrojaraeMoii nepeja OnMCcaHUeM JIEMEHTOB.

Buvixoonwvie oannvie:

Jlnst peMeHTa BBIYHUCISIOTCS W BBIBOISATCS TE K€ Pe3yNAbTaThl., YTO M IS CTEPIKHS -
aAMIUTATYIHbIC 3HAYEHUS HOPMAJIBHBIX HANPSDKCHUS OT PACTSHKEHUS CHKATHS, HOPMAIbHBIC U
KacaTelbHbIE HAMPSKEHHs] OT U3ruda B IUIOCKOCTSIX X0y M X0Z, KacaTellbHbIE HAIMpPsDKEHUS OT
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Kpy4eHHs 7% , a TaKK€ MHTCHCUBHOCTb HalpspDKEeHUN. HanpskeHus: BBIYUCISIOTCA B JIOKAJIBHOU
cUCTeME KOOpAMHAT 110 CHJIOBBIM (pakTOpaM U XapaKTepUCTUKaM cedeHus. BeiBopsrcs
aMIUIUTYIHbIE 3HAYCHMs HAIPSOHKECHUH, OIpPEIEIseMbIE IIyTEM IIOCJIEI0BATEIbHbBIX BbIYACICHUN
JUISL BCEX OIIaCHBIX TOUYEK JABYX CEUEHUH, paCIOJIOKEHHBIX B y3JIaX i U j.

Kpome HanpsokeHuii mnporpamMma o0eclieuMBaeT BBIUMCIEHHE M BBIBOJ CHUJIOBBIX
(bakTOpOB (pacTATMBAIOLICH CHIIBI px , IEPEPE3BIBAIOLINX CHII Py U p-, U3THOAIOIINX MOMEHTOB
My W my B y3JaX i W j, a TAKXKe KPYTSAIIEr0 MOMEHTA 7y B JIOKAIbHOM cUCTEMe KOOpJIUHAT ).

Bce pe3ynbTaThl MOTYT BBIBOJUTBCS KaK B rpa)u4ecKoM, TaK U B TaOJIMYHOM BHJIE.

& - MOUYKU, CEAILIEAEMEBIE JEMEHINOM
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Puc. 3.32.5.1. lMawnka.
a — cxema anemeHma, 6 —cesi3b afemeHma ¢ Opyaumu y3namu, 8 — OCHOBHbIe
napamempsi.
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3.23.6. NlonoBKka

DNeMEHT NpeJHa3Ha4YeH M1 MOJCIMPOBAHMS B3aMMOACUCTBUS IUIOCKHX MOBEPXHOCTEN
TallKM C 4YaCThIO MOJENIH, COCTOSIIEH U3 APYTUX TUIIOB 3JIEMEHTOB.

OneMeHT npeicTaBisieT U3 ceOs MPSIMOJIMHEHHBI NPOCTPaHCTBEHHBIH Opyc KpyIJIOro
WIM MHOTOTPaHHOIO CEYEHMs C JBEHAALAThIO CTENeHAMU cBoOoael (puc.3.23.5.1),
UCHBITHIBAIOLINN JeOopMaly pacTsKEHUA-CKATUSA U U3ru0a B IBYX IUIOCKOCTSIX U KPYUEHHUSL.

JlokanpHas cucTteMa KOOPAMHAT IEMEHTA OPUEHTUPYETCA 110 ABYM y3J1aM i U j, KaK JUIsl
IIpOCTOro crepykHsA. HeWTpaibHasg JHMHUA 3JIEMEHTa COBIANAET C OCBKO OX €ro JIOKAJIbHOU
CUCTEMBI KOOPJIMHAT, & OCh 0y JICKUT B TNIOCKOCTH XOY r100aIbHOM CHCTEMBI KOOPIUHAT.

OJEeMEHT MOXKEeT BXOAMTh B KOHTAaKT ¢ OMMKalIIMMHM TOYKaMM JAPYIHX 3JIEMEHTOB,
PAacCIIOJIOKEHHBIMU Ha IIOBEPXHOCTH KOHTaKTa TroJIOBKU. lIpu sTOM ycuime B3auMOIECHCTBUSA
JeUCTBYET 10 HOPMAaJIM K MOBEPXHOCTH. [IOBEpXHOCTh KOHTAaKTa MOXET ObITh IUIOCKOH WIN
KOHMYECKOW. VY3en i He JODKEH OBITh CBA3aH HU C KAKUMH JPYTUMH JJIEMEHTaMHu. Y3en j
CBSI3bIBAETCS C IPYTUMU KPETEKHBIMU 3IEMEHTAMU.

IIpn 5TOM 1 y37I0B, BXOIAIIMX B KOHTAaKT C TalKOW, 3aJaéTcs NpeIBAPUTEIBLHOE
IIOJKATUE B BUJE CMEILIEHUS Y3JIOB OT IUIOCKOCTH KOHTakTa AL. IlonoxurenbHbIM cuuTaeTcs
HaIIPABJIEHUE OT DJIEMEHTA.

Y4uuTHIBalOTCS TEMIIEpaTypHbIe nedopManuy B BHE TEIUIOBOTO PACHIMPEHHS CTEPIKHS
BJIOJIb €0 OCH.

Martepuan 3neMeHTa MOXKET ObITh U30TPOIHBIM, aHU30TPOIIHBIM UJIM OPTOTPOIHBIM. J1J1d
aHM30TPOIIHOIO M OPTOTPOIIHOTO MaTepuaya HampaBieHus aedopManuii CcoOTBETCTBYIOT
HaIlpaBJICHUSAM OCEH JIOKAIBHOW CHCTEMBI KOOPIMHAT JJIEMEHTA

Crnenyer yuyuTbIBaTh, YTO MPHU KOHTAKTe TOJIOBKH C 1Iaif00i ¢, y31bl maiiObl i U j, HE
JOJDKHBI COCIUHATHCA C y3JIaMH 3THX 3JIEMEHTOB. JIOJDKHBI TOJIBKO COBNANATh KOOPIHMHATHI
COOTBETCTBYIOLIMX Y3JI0B MIAiObl M TEpPEUMCIEHHBIX HJIEMEHTOB. OJTO HEOOXOJUMO JUIs
HOpMaJbHOW paOOTHI TOJIOBKH U I'OJIOBKH MPU CO3/IaHUU IIPEIBAPUTEIBLHOTO HATSKEHUS.

["ostoBKa MOXET UMeTh ()OpMY MHOT'OIpaHHMKA, IMIINHAPA, ChEepbl U KOHYCA.

Bxoousie oannvie:

Jns snemenTta Bcex (opM 3aJalOTCs HOMEpa CBSI3bIBAEMBIX Y3JI0B i U j, AMAMETP
IUIOCKOCTU KOHTakTa D ¥ HadanbHOE NojpkaThe (HaTskeHue) AL.

JIns1 MHOTOTpaHHMKA 33aETCS YMCIIO TpaHel u pasmep kiroda H. [Ipu 3anaHnnn HyneBoro
3HaueHuss D omnpenenseTcss Kak MaKCUMaJbHBIA JMaMETp OKPYKHOCTH, BIHMCHIBaeMOil B
MHOTOTpaHHHUK.

Jnis munuHapa 3a1aéres ToAbKO JUaMeTp IIIOCKOCTH KoHTakTa D.

s xonyca 3aga€rest mu6o nuametp D, 1160 yron KOHYCHOCTH f.

Ecnu HavanpHOe mnokatue AL HEW3BeCTHO U TpeOyeTcs €ro mpeaBapUTeIbHOe
OIpeJieIeHue TO Tepes ONMUCAHHEM >JIEMEHTa BCTaBJSIETCS 3alMCh C yKa3zaHHEM Tpedyemoi
BEJIMYMHBI HAYAJIbHOTO HAMNpsOKEHUS WM YCUJIMS B 3JEMEHTE U I0CJI€ OKOHYATEIbHOIO
MOCTPOCHHSI MOJIENIM 3allyCKaeTCs alrOpUTM BBIUYMCIECHUS HavdalbHBIX Jedopmanuii mpu
3aJIaHHBIX HAMPSHKEHUSIX WIH YCHIIUAX PACTSKEHUSI-COKATUS KPETIEKHBIX 2JIEMEHTOB

Mexannueckue CBOMCTBA MaTepHuaja YKa3bIBAalOTCSI B COOTBETCTBYIOLIEW 3aIlucw,
pacrojaraeMoii nepeja OnMCcaHUeM JIEMEHTOB.

Buvixoonwvie oannvie:

Jlnst peMeHTa BBIYHUCISIOTCS W BBIBOISATCS TE K€ Pe3yNAbTaThl., YTO M IS CTEPIKHS -
aAMIUTATYIHBIC 3HAUEHUS HOPMAJIbHBIX HANPSOKEHUS OT PACTSIKCHHS CXKATHS, HOpPMaJbHBIC
KacaTelbHbIE HAMPSKEHHUS OT U3TM0a B IUIOCKOCTSIX X0y M X0Z, KacaTellbHbIE HAIMpPsDKEHUS OT
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Kpy4eHHs 7% , a TaKK€ MHTCHCUBHOCTb HalpspDKEeHUN. HanpskeHus: BBIYUCISIOTCA B JIOKAJIBHOU
CUCTEME KOOpJIUHAT [0 CUJIOBBIM (DaKTOpaM U XapaKTEpUCTUKAM CeYeHHus. BwIBogsTCs
aMIUIUTYIHbIE 3HAYCHMs HAIIPSOKECHUMN, OIPEAEIIsIeMbIE IIyTEM IIOCIIEI0BATEIbHBIX BbIYACICHUN
JUISL BCEX OIIaCHBIX TOUYEK JABYX CEUEHUH, paCIOJIOKEHHBIX B y3JIaX i U j.

Kpome wnHanpspkeHuit mporpamMMa oOecrneunMBaeT BBIYMCIEHHE W BBIBOJ CHIJIOBBIX
(bakTOpOB (pacTATMBAIOLICH CHIIBI px , IEPEPE3BIBAIOLINX CHII Py U p-, U3THOAIONIMX MOMEHTOB
My W My B y3JaX [ U j, a TAK)KE KPYTALIETO MOMEHTA M1y B JIOKAJIbHOW CUCTEME KOOPJIMHAT ).

Bce pe3ynbTaThl MOTYT BBIBOAMTHCS KakK B Tpad)MyecKOM, TaK U B TaOJIMYHOM BH/IE.

o - TNOUKU, CEALIEAEMEIE ITEMEHTNOM
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Puc. 3. 23.5.1. lNanka.
a — cxema aniemeHma, 6 —ces3b afiemeHma ¢ Opyaumu y3namu, 8 — OCHOBHbIe
napamempbl MHO202paHHUKa, & — OCHOB8HbIE rnapamempbl cghepuveckol 20/108KU, 8 —
OCHOBHbI€E napamempbl KOHUYECKOU 20/108KU. .
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3.24. CapHom woB

CapHoOil 1IOB MpeAHa3HAuYeH AJI COCIWHEHUS Yy3JIOB, MOMABUINX, B KOHTPOIHPYEMYIO
9JIEMEHTOM O00JacTh C y3jJaMM IIBA, & TAKXKE Y3JIOB CBAPHOTO IIBAa C y3JIaMH JJIEMEHTOB, B
IUIOCKOCTSIX TpaHell KOTOpPhIX HAaXOAATCA ero y3ibl. [Ilpm 3ToM mnepeMenieHus TOueK,
3aXBau€HHBIX CBAPHBIM MIBOM, OYAYT MOAYMHATHCS (QYHKUUSAM (OPMBI CBApHOTO IIBa, a
MepeMelIeH!s] TOYEK IIBa, 3aXBAUCHHBIE IIOBEPXHOCTSMU CMEXKHBIX JJIEMEHTOB, OyAyT
MOTYMHATHCS PYHKIIUAM (POPMBI 3THX TOBEPXHOCTEH.

Peanu3zoBaHo ABa BU/Ia CBapHBIX IIBOB

® JIMHCUHBIN, UM IBYXY3J10BOW;
® KPUBOJMHEWHBIN, HIN TPEXY3T0BOH (prc.3.24.16).

Jlunetinbiit (puc.3.24a) coequusier npa y3ia i u j. KpuBonunennsnii (puc.3.246) umeer
PAacIIoNIOKEHHBIN TOCEPEINHE Y3€I M ero HEeWTpajbHas JIMHUS TPEACTaBsieT co00il KPHBYIO
BTOPOTO MOPSJKA, COSAUHSIONLYIO TPU TOUKH - I, j U k

J
a)

I

i i
Puc. 3. 24.1. KOHEYHbIN 3NeMeHT CBapHOM LLOB.
a — IIMHENHbIA 3NeMeHT, 6 — KPUBOSIMHENHBIA 3MEMEHT, B — KOHTPONMpyemas

obnacTtb. 1- NMOBEPXHOCTb CMEXHOIo 3fieMeHTa, 2 — y3en CBapHoro wea, 3 —
rpaHuLa KOHTponMpyemow obnacTw.

Konrponupyemass o0nacte 3jeMeHTa HMMEET IMIMHAPUYECKYI0 (GOpMYy C paguycoM
paBHBIM 33/71aBaeMOMY KaTeTy 1Ba L. Ha Bce y371bl, Haxoasmmecs B MEHbILIEM paaunyce (T.e. IpH
rm<L), HaKapIBaetTCs yrpyras cBsi3b, 1e(pOPMHUPYIOLIAsICS IPU HAPYILIEHUH YpaBHEHUS

{g" =N {g")},

rue
{q"™} — BeKkTOp MepeMemIeHuit 71 — TO KOHTPOIHMPYEMOTO Y371a,
IN®| - wmarpunma ¢ynkumuii GopMbI dleMeHTa B TOYKE, COOTBETCTBYIOIIEH

3aXBaYCHHOMY Y31y,
{q©} — BeKTOp Y37I0BBIX TIepeMEIEHNUI JIEMEHTa,
T.C.
(&= (g™ - {g'} — BexTOp nedOPMAIIMOHHEIX EPEMENIEHHI B y3II€ i,
{q"®} — BekTOp NMepeMelIeHHUii B TOUKH M1.

Jlaytee mMatpuIia k€CTKOCTH OMpeeNsieTess Mo OOBIYHOM Jiist MeToda cxeme. [lpu sTom
KECTKOCTh IIIBa OMpeNessieTcsl CBONCTBAMHU MaTepuaia IIBa M pa3MepaMH €ro CEYeHUs,
OTpeieIIEMBIM IT0 33JaHHON BEJIMYMHE KaTeTa MIBa.

AHaJOTUYHBIM 00pa30M OIpEAeTseTCs CBSA3b y3JIOB IIBa i, j U k C y3J1aMU TTOBEPXHOCTEH
CMEXHBIX JJIEMEHTOB. Y3€ll CBApHOTO IBa, HAXOJSAIIUKCA HA BBICOTE A<L OT MOBEPXHOCTH
CMEKHOTO JIEMEHTAa CYUTAETCS 3aXBaUYE€HHBIM ATOW MOBEPXHOCTHIO. OTIMYUE B TOM, UTO 3/1€Ch
KOHTPOJIHMPYIOIIAM 3JIEMEHTOM BBICTYIIAeT MOBEPXHOCTh ¢ €€ QYHKIUAMU (POPMBI, a B Ka4eCTBE
KOHTPOJIMPYEMOTO y3Jia — y3eJ CBapHOTO IIBa. B KauecTBE KOHTPOIUPYIOUIUX MOBEPXHOCTEU
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BBICTYNAIOT TJIACTUHBI ¥ TPAaHU O0BEMHBIX DJIEMEHTOB. Y3JIbI IIIBA MOKHO COSAUHSITH C APYTUMU
sneMmeHTamu. Ha puc.3.24.2 moka3zaHbl BapHaHThl COCIMHEHUM C HCMOJIb30BAHHUEM CBAPHOTO
1Ba.

Puc. 3. 24.2. BapnaHTbl CBA3WN 9f1IEMEHTOB C UCMOMb30BaHMEM CBApPHOrO LLBA.
a — pacyéTtHasa cxema, 6 — OB CBA3aH C OQHOW MMacTWH, 8 — NMAaCTUHbI He
CBSI3aHbl CO LUBOM, & - YCTAHOBKA KPOHLWITENHA U3 OOBHEMHBLIX 3NIEMEHTOB Ha
NNacTUHyY Npu OTCYTCTBUWM 3axBaTa y3foB LWBOM (LIOB CBs3aH C pébpamu
00BEMHbIX anemMeHToB). 1- cBapHOM WOB, 2, 3 — NNacTuHbl, 4 — OOGBbEMHbIE
KOHEYHbIE 3NIEMEHTbI.
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Puc. 3. 24.3. Vicnonb3oBaHWe CBapHOro LUBa.
1 — cBapHOM WOB, 2 — KPUBOSIMHENHaA 8-y3noBas nnacTuHa, 3 — 06bEMHbIN 20-
Yy310BOW 91EMEHT.
Tune! cBI3bIBa€MBIX HOBerHOCTeﬁ 1 NIBOB HEC UMCIOT 3HAYCHMU .
st aieMenTa 3a/1at0Tcsl Homepa y3JoB i, j u k , karet L u cBoiicTBa Marepuaa.
BBO,ZL QJICMCHTA BBLIIIOJHACTCA KaK OJIsI CTCPIKHCBLIX 3JICMCHTOB HMJIM KHMHCMATHUYCCKHX
IPAHUYHBIX YCIOBHH.
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3.25. BuptyanbHble KOHEYHbIE 3fIEMEHTbI

BupryanbHbple 371I€MEHTBI HE SIBISIFOTCS CIIELUMAIbHOW TPYNION 3JEMEHTOB. ITO
OTJIMYUTENbHBIA MPHU3HAK 3JIEMEHTOB pa3HbIX TPYII, ONpEAEIsIeMbli HaJIWYMeM HESIBHO
3a/laHHOM TOIOJIOTUU - CBSI3U C KOHKPETHBIMU y31aMH. CBs3bIBa€MbI€ TaKUM 3JIEMEHTOM Y3JIbl
(MM YacTe y3J0B) HE 3aJal0TCd KOHKPETHBIMM HOMEpPAaMH, a OIpeleNsioTcs 10
IPUHAUIEKHOCTH K KOHTpoJupyemon obsactu. OgHuM u3 HauOolsiee Ba)KHBIX NPEUMYLIECTB
UCIOJIb30BAaHUSI TaKUX 3JIEMEHTOB SIBJIETCS HE3aBUCHUMOCTb CETOK CBS3bIBAEMBIX 3JIEMEHTOB,
KOTOpBIE MO’KHO MEHSITh, HE BHOCSI U3MEHEHU B [TapaMETPhI DJIEMEHTA.

Haubonee 4YacTto HCHONB3yeMBbIM SIBJISETCS  3JIEMEHT, COIJIACYIOIIMH  Y3JIOBbIE
HEU3BECTHBIE Y3JIOB, IIONABIIMX B KOHTPOJIMPYEMYIO 00JaCTh, WJIH KOHTPOJIUPYEMBIX, C
Y3JIOBBIMH HEU3BECTHBIMU Y3JIOB, KOHTPOJMPYIOLUIMX O0JIacTb. OTa CBs3b ONpEIeseTcs
BBIPAKECHUEM

(D"} =INO{ @},

rie
{@D} — BeKTOp Y31I0BBIX HEM3BECTHBIX [ — 'O KOHTPOIMPYEMOTO Y371a,
IN®| - wmatpunma ¢yHKImE (GOpPMBI JNEMEHTa B TOUYKE, COOTBETCTBYIOIIEH

3aXBau€HHOMY Y31y,
{@©} — BeKTOp Y37I0BBIX HEM3BECTHBIX DIEMEHTA.

HpI/IMepOM MOT'YT CIYXUTb CBA3b nepeMemeHI/Iﬁ y3jia, HaxoZAlerocsa B IINIOCKOCTU
ILUIACTHUHBI C €€ Y3JIOBBIMHU IIEPEMCIICHUSAMU.
K BUPTYAJIbHBIM 3JICMCHTAM OTHOCATCA:

1. BupTtyanbHble KHHEMAaTUYECKUE OIPaHUYEHHUSL.

2. KpenéxHnbie 271eMEHTHI.

3. [TogmumauK.

4. CrepkHM ¢ BKIIOYEHHBIMU OINLUSAMHU 3aXBaTa Y3J0B U (MJIM) KOHTaKTHBIMH
CBOMCTBaMH.

5. [InmacTuHBI ¢ BKIIOYEHHOM OINLIMEN 3aXBaTa y3JIOB.

6. OOBbEMHBIE 7IEMEHTHI C BKIFOUEHHOM ONIMEl 3aXBara y3JoB.

7. CaapHble LIBBI.

8. KoHTakTHBIE TOBEPXHOCTH.

9. KoHTakTHBIE mIapHI.

10. KoHTakTHBIE POJIUKH.

11. Onopsl ¢ TpeHHEM.

12. [unuHap-nopiieHs.

13. I'mapoakkymymsaTop.

14. BuptyanbHas noaocTs.

[IpocTefimuM NpUMEPOM BUPTYAJIBHOTO 3JIEMEHTAa MOXET CIIYXKUThb KHHEMaTH4YECKOE
OTrpaHHuYEHUE IUIUHAPUYECKONH (OPMBI, UCHOJIB3YEMOE JI CBSA3HM 4YacTe MOJENU CTEpKHS C
CeueHHEM B BHJI€ TPYObI, COCTOSIIMX U3 OOBEMHBIX U CTEPKHEBBIX IeMEHTOB (puc.3.24.1).
Takue sxe pe3ynbTaThl JOCTUTAIOTCS IIPU 33/1aHUU CBOMCTBA 3aXBaTa Ul CTEP>KHEBOTO AJIEMEHTA
WIM y4yacTka TpyObl. Jljisi omucaHMs 3TOrO Ciydas CBS3M B CBOWCTBaX KHHEMAaTUYECKOTO
orpaHuueHusi GopMbl yKa3bIBAETCS, UTO OH CIYXKUT AJI OMHCAHUS JIOKATbHOIO B3aUMOJIEHCTBUS
IIPY OTCYTCTBUU NMPOCKAJIb3bIBAHMSI M BBITAIKMBAHUSI TOYEK HA MIOBEPXHOCTb, & TEOMETPUUECKUE
napaMeTpsl (pacroiokeHHe OCEBBIX TOYEK U TuameTp) GOpMUPYIOTCS TaKuM 00pazoM, 4TOObI
IUIMHAP OXBAaThIBAI Y3Ibl, KOTOphle TpeOyercst cBs3aTh. [Ilpum 3TOM cBoiicTBa CBs3M,
HAKJIaJbIBAEMOM H3THM 3JEMEHTOM, TaKOBBl, YTO HE MCKaKalOT KapTUHY paclpeneacHus
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HanpsDKeHUH U 1eopMaluii OT BHYTPEHHUX M HAPY)KHBIX JAaBJICHUN CBA3BIBAEMBIX HJIEMEHTOB B
OKPECTHOCTH CBSI3H.

Ha pucynke 3.24.2 mpezacrasnen Oosiee oOmuii mpuMep - MOJEIb peayKTopa B coope.
3/ech MCMOJIb30BaHbI CIICAYIOIINE BUPTYaIbHbBIC JIEMCHTBI - KpPen&KHbie 37eMeHThl [ (00aT 1
raiika), MOAIIMIIHUKKA 2 M KOHTAaKTHbIE NOBEpXHOCTU 3. KpenéxHble 31€MEHTHI CBS3bIBAIOT
BEPXHIOI0 W HUXKHIOI YaCTH KOpIyca PEIyKTOpa, COCTOSIIUX W3 OOBEMHBIX 3JICMEHTOB O.
BepxHsisi 1 HWXKHSS 4acTU KOPIyCca COEIUHSIOTCA 4epe3 KOHTAKTHBIE MOBEPXHOCTH 3. OTH
3JIEMEHTBI MOJICIUPYIOT KOHTAKTHOE B3aUMO/ICHCTBHE TIOBEPXHOCTEH U TO3BOJISIIOT COCTHIKOBATh
4aCTH MOJCJIM € PA3HBIM MIAroM CCTKHU U HCCOBIIAAAOIMIUMU Y3JIaMHU. HO[[I_HI/IHHI/IKI/I CBSI3bIBAIOT
y3IIbl Kopmyca 6 M BaJOB 5 M HAKIAQIbIBAaCT CBS3b Pa3pEIIAOIIYI0 IMMOBOPOT Y3J0B Balja
OTHOCHTEJIbHO O0OWMBI, U 3aMpEIIAONIYI0 UX OTHOCHTEIbHOE MEPEMEICHUE B paJdaIbHOM U
OCEBOM HAIpPaBJICHUU K OCH TMOJANIMITHUKA. DJIEMEHT 3yOuaras nepeiava 4 CBS3bIBACT BaJbl U
obecrieyrBaeT Iepegadyy MOMEHTOB M PEaKIMid Ha Bajbl COOTBETCTBYIOIIMX CBOMCTBaAM
MOJICTTUPYEMOT0 3y0UaToro 3alericHus.

2
8/
llepeMemesmA OpM CTaTMYECKOM HaIDYReHMKM
. Sii - umTescusHOCT Hanpamemuii, Mia
- Ins nnacTvs ¥ oBONOYEX ONPeASSARTCH AMIIMTYOHEE SHAYSHMA
z

M 1 - 18,3378 C))
Mrama Sii

4,02787 HOxana 5YY, srs  SYY - sopmamsmme

3,92205 0,0812 HANDAESEMA Do OCK

5 QY TCK, MIa Srs - cymsapsHe HOpMaNbHHE HanDAESEMS - HODMANBHHE HanpsmeHM B crepmHax, Mia

3,83023 0, 0649837 o = P D D 2
.3, 6326 0,0324918

3,53378 .0,0152459

3, 43497

3,33615
3,23732
3,13852

3,0337

-0,0649837

3,725292-002
-0,0162453
-0,0324913

-0,0812296

Puc. 3.25.1. 3agaHue BUPTyanbHOW CBSA3N CTEPXHEBOrO arieMeHTa C O6BHLEMHbIMMU
anemeHTamn.1 - OOBEMHbLIE 3NEMEHTbl; 2 - BUPTyanbHOE KUHEMATU4EeCKoe
orpaHuvyeHve uunuHapudeckon ¢opMmbl; 3 — CTEpXHeBble 3dneMeHTbl TpybyaToro
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cevyeHus; a — HarpyxeHue TpyObl pfaBneHuem, © - HarpyxeHue Moaenu
COCpPesiOTOMEHHOM CUNOW, B — pacnpegerieHne Hanps>kKeHWn OT [aBneHus, r v g -
pacnpegeneHne nepemMeLLeHnn n HanpsPKeHUM OT COCPeaOTOYEHHOWN CUSbI.
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Puc. 3. 25.2. Mogenb peayktopa, NOCTPOEHHAs C UCMOSIb30BaHNEM BUPTYarbHbIX
aniemMeHToB. 1 - KpPEenéxHble ONeMeHTbl, 2-NOALWWNMNHUKK,  3-KOHTaKTHble
NOBEPXHOCTW, 4- 3ybyaTasa nepegaya, 5-CTep>KHU, 6-00bEMHbIE 3NIEMEHTDI

Jns crepKHEH W MIACTUH BO3MOXHOCTh 3a/IaHMsI CBOMCTB 3axBaTa Y3JIOB MO3BOJISET
co3laBaTh KECTKYIO CBSI3b MEXIY Yy3JaMHu, He 3a00Tich 00 UX COBMEIIEHHMH. 3axBar
BBITIOJHSETCS JUISL  Y37IOB, HAxXOJSAIIMXCA B KOHTPOJIHUPYEMOH dSIEeMEHTOM o0JacTd |
MPEANoJaraeT HaJOKeHHE KMHEMATHYECKON CBS3M MEXKIY 3aXBAaYCHHBIMHU y3JaMU H y3JaMu
snemenTa. [lonmaraercs, 4To nepemMenieHys B 3aXBa4€HHOM Yy3J1€ ONPEAEISIIOTCS TepEMENICHUSIMU
Y3JI0B AJIEMEHTa U ero PyHKIusIMUA GOPMBI. ITO CBONCTBO MO3BOJISIET CTHIKOBATH 2JIEMEHTHI HE B
y371aX, a B TOYKaX, COOTBETCTBYIOLIUX UX T€OMETPUUECKOMY TOJIOKEHUIO.

Jlis crepykHA 00JIacTh 3axBaTa MpPEJCTaBIsieT COOOW LMIMHAP C PaauycoM DPaBHBIM
MaKCUMaJIbHOMY paJuyCy TOU€K cedeHHs. B kadecTBe mpumepa Ha PUCYHKE MpeACTaBiIeHa
pamMa, MOJIeNIb KOTOPOW COCTOUT M3 CTEP)KHEH, COSTMHEHHBIX KHUIIAMU W3 TUTAaCTUH. KHUIBI HE
CBSI3aHBI HETIOCPEJICTBEHHO CO CTEPXKHSIMHU, BMECTO TOTO IS CTEPXKHEH, HAXOAAIMIUXCS BOTU3U
KHHUII, 33/1aHO CBOMCTBO 3axBaTa y3JI0B. Takoe COeAMHEHHE TO3BOJSET YUYeCTh peallbHOe
MOJIOKEHUE Y3JI0B KHUIl, HMMEIOLIUX O3KCUEHTPUCUTET OTHOCUTEIBHO HEUTpaIbHOM oOcHU
crepkaeit. KpoMe Toro, CTep>KHU U COEAMHSIEMBIE CO CTEPIKHEM SJIEMEHTHI MOTYT pa3OUBaThCS
He3aBHCcUMO. Hinke nmpuBeeHO HampsHKEHHO-1e(pOPMUPOBAHHOE COCTOSIHUE MOJETHU. 311eCh, s
CTEP)KHEH BKITIOUEH PEXKUM OTOOPaKEHUS pacIpeiesIeHUs HaPsHKEHUH 110 CEYSHHIO.

YacTHpIMM cCITydyasMH HCIOJIB30BAHMS 3THUX CBOMCTB SBJISETCA CTHIKOBKA YYaCTKOB
MojAenu TPyObl W3 CTEp)KHEW W IUIACTHH WM OOBEMHBIX DJIEMEHTOB (TakKe, KaKk W TpHU
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HCIIOJIb30OBAHHUU BUPTYAJIbHOTO KMHCMATHUYCCKOI'O OFpaHI/I‘{eHI/ISI), a TAK¥XC CTCPIKHA C (bJIaHI_ICM
nim CTCHKOﬁ, TaKXeE cocm;nueﬁ M3 3JICMCHTOB APYIrUX THIIOB.

Puc. 3. 25.3. Mogenb pambl U3 CTEPXKHEMN C KHULL @MU N3 NNACTUH.

a - mogenupyemasi KOHCTpykuusi, 6 - oTobpakeHne KOHEeYHO-3IEMEHTHOM Moenu u3s
NNacTuH U CTEPXXHEN, 8 - OTODpaxeHne obnacTen 3axearta y3nos 7,
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nEpEMEI.I.lEHMﬂ NpH CTATHYECKOM HarpyKeHHH

likana Sii, MMa
13,4448
I12.1 o007
10,7566
.9.41 25h7
8,06849

l 6,72441
5,38034

4,03626
2,69218
1.3481

000402617 ¥

Puc. 3. 25.4.Mogenb pamMmbl U3 CTEPXXHEN C KHULAMU N3 NIACTUH.
Hanpsik€HHo-aeopMmnpoBaHHOE COCTOSAAHME.

AHaNoOruuHbIM 00pa3oM peann3oBaHa BO3MOXXHOCTh 3aXBaTa Y3JIOB JIMHEWHBIMH U
HEJINHENHBIMHI IUIACTHHAMU. 3aXBaT BBIIIOJIHIETCS IJId Y3JIOB, HAXOOAIUXCA B KOHTpOHI/IpyeMOﬁ
3JIEMEHTOM O0JIACTH U TMperoaraeT Hal0)KeHHEe KHHEMAaTHYeCKOM CBSI3U MEXKy 3aXBaYCHHBIMU
y31aMM M y31amMu 3sieMeHTa. [lomaraercs, uTo mepeMelleHHMsT B 3aXBau€HHOM Y3Jie
OTIPEICIIAIOTCS MEePEMEILICHUSAMU Y3JI0B dJeMeHTa U ero QpyHkuusmMu Gopmbl. O6acTs 3axBarta
NPEJICTaBISIIOT CcOO00M 00BEM, OrpaHMUYEHHBIM NEPUMETPOM IUIACTUHBI €€ TOJIIUHOW, T.€.
3aXBaThIBAIOTCS y3JIbl, HAXOAAIIHeCs OIrKe /1/2 K HeUTpanbHON MOBEPXHOCTH TIACTUHBL, T1IE /1 -
TOJIIIMHA ITJIACTHUHEI. B kagecrtBe npuMEpa Ha PUCYHKE NPCACTAaBJICHBI, MOJCIN U3 ILIACTHH,
COEIMHEHHBIX MEPHNEHIUKYISIPHO. BUAHO, UTO y37bl COCTaBISAIOMIMX JIE€Tajeil HE COEAUHEHBI.
Takoe coeaMHEHHE IMI03BOJISIET YYECTh pEaJlbHOE IIOJIOKEHUE Y3JI0B KHMIIBI, HMEIOIINX
AKCLIEHTPUCUTET OTHOCUTEIBHO HEUTPaIbHOM ocH cTepkHel. Kpome Toro, yactu MOJEI MOTYT
pa3OuBaTHCS HE3aBUCHMO.

Puc. 3. 25.5. CoegnHeHune
NMacTUH C UCMONb30BaHNEM
3axBaTa y3noB. a - Mogenb u3
4-X y3noBbIX NNACTuH, 6 -
MoAesb u3 8-y3noBbIX
NNacTuH.

CBapHble IIBBI MO3BOJISIIOT COEAMHATH KaK OJMHAKOBBIE, TAK W PAa3jIUYHbIC 10 TUIY
3JIEMEHThI 06€3 HEOOXOIMMOCTH COEIMHEHHUS ITHX JJIEMEHTOB B Y3JIOBBIX Toukax. IIpu sTom
NepeMEeNIeHUs] TOYEeK, 3aXBaYEHHBIX CBAapHBIM ILIBOM, OyAyT MOMUYUHATHCS (QYHKIUSAM (DOpMbI
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CBApHOTO IIBa, a IIEPEMEIICHUs] TOYEK IIIBa, 3aXBAUCHHBbICE MOBEPXHOCTSMU CTHIKYEMBIX
3JIEMEHTOB, OyyT MOAYMHATHCA QYHKIUSAM (OPMBI 3TUX MOBEPXHOCTEH.

Puc. 3. 25.6. Mogenb, NoCTpoeHHada C UCMOfb30BaHMEM CBapPHbIX LLBOB.

1-cBapHOM LWOB, 2 — KpMBONMHeNHasa nnactuHa (2B8), 3 — kpuBONMHENHbIN
00BbEMHBLIN anemeHT (3D20).

JKéctkocTh 1IBa ompenenseTcs CBOMCTBaMU Marepuaia LiBa U pa3MepaMM €ro CEeYeHwus,
KOTOpBIE, B CBOIO OYEPE/Ib, OIPEACIAIOTCS 110 3alaHHON BEJIMYMHE KaTeTa I1IBa.
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4. BHellHWe Harpysku

B mporpaMMe npenycMOTpeHa BO3MOXHOCTH 3aJaHMsl COCPEJOTOYEHHBIX B y3iax
Harpy3oK, MOMEHTOB W TEMIIEpaTyp, PacIpeleICHHbIX II0 JUIMHE M IOBEPXHOCTH HArpysok,
Harpy30K pacIpelesIeHHbIX 10 Macce U BbI3BAHHBIX BO3JIECHCTBUEM BETPA Ha CTEP)KHU, a TAKKE
COCPEOTOUCHHBIX YCWINH, SBISAIOMMXCS (yHKIMEH nepeMemieHuii wim ckopocreidi. Ha Puc
4.1. mpencTaBieHbl cCXeMaTUYECKHE N300pakeHHs! IEPEUNCICHHBIX TUIIOB HAIrPY30K.

4.1.MexaHn4eckue Harpysku

B nanHOM paszgene onucaHbl BUJbl Harpy30K, 3aJaBacMble IIPU PEIICHUM 3a/1ad pacdéra
NIEPEMEIICHUN U HAIPSDKEHUHM B KOHCTPYKLMAX IIPU CTATUYECKUX M JMHAMUYECKHUX IPOLECCaX.

4.1.1. CocpenoToUYeHHbIe y3N0Bble CUSibl U MOMEHTbI

CocpeioTOYeHHBIC Y3JIOBBIE CHJIBI M MOMEHTHI 33Jal0TCSI HOMEPOM Y3Jia, K KOTOPOMY
MPUJIOXKEHBI, HAMpaBlIieHHUEeM JeHCTBHUsI (10 OCSIM, B paadaJbHOM WJIM TaHTCHIHAJILHOM
HarpaBieHun) u 3Hadenuem (H, xrc, T, ,H m, krc M, T m). OG03Ha4alOTCsI CTPETKONU KPACHOTO
[[BETa HAMPaBICHHON BJOJb 3aJaHHON OCH, OCTPHE KOTOPOI MPUJIOkKEHO K y3iy (puc.4.1a). Ilpu
0003HaYeHUH MOMEHTOB IPOTUBOMOJIOKHBIM KOHEI| CTPEJIKH OTMEYAETCsS OKPYKHOCTBIO (pHuC.

4.1.16).

4.1.2. 3apaHHble TeMnepaTypbl B y3nax

3amaHHbBIC TEMIIEpaTyphl B y3JaX ONHUCBHIBAIOTCS HOMEpPAMH Y3JIOB M 3HAYCHHSIMH
temneparyp (I'pax C°). Ha cxeme 0003Ha4aroTCsi OKPY>KHOCTSIMH KpacHoro 1seta (puc.4.1.1s).
[Tpu ompenencHUM NEpeMENICHU W HANPSHKEHUH 10 33JaHHBIM TeMIIepaTypaM OIPEIeIISTIOTCS
nedopMaruu, OOYCIOBIEHHBIE TEIUIOBBIM paclIupeHreM marepuana. Eciu mpeaBaputenbHO
ObUTa perreHa 3agada OnpeAeIeHus TEMIIEPaTyp, TO Ul pacy€Ta UCIOIB3YIOTCS BBIYUCICHHBIE
TEeMIEPaTypHhI.

4.1.3. Cunbl, pacnpegeneHHble No AfinHe

Cuutbl, pacnpeiesIeHHbIH MO JUIMHE, WIK TOTOHHbIE Harpy3KH, ONUCHIBAIOTCS y4acTKaMH,
JUTSE KOTOPBIX 33/Ial0TCSI HOMEPA y3JI0B, OTPAaHHYMBAIONINX YIaCTOK, HHTEHCHBHOCTh HArPy3KH B
stux y3nax (H/Mm, krc/m, T/M) n ee nanpasnenue. ['papuueckoe oToOpaxeHne pacrpeieeHHbIX
0 JUIMHE Harpy3o0K MpejcTaBieHo Ha puc. 4.1.1e.

4.1.4. laBneHne Ha NOBEPXHOCTb

JlaBneHue Ha TOBEPXHOCTH, WJIM MIOBEPXHOCTH JIABJICHHUS, OMMCHIBAIOTCSI HOMEpPaMH y3JI0B
YeTHIPEXyroJLHUKOB, Ha KOTOPBHIE OHO JEWUCTBYET, IO YacOBOM cTpenke ( eCliM CMOTPETb CO
CTOpPOHBI ACWCTBUs naBieHus ) U BenmduHamu nasieHus (I1a, KIla, Mlla, ) B atux y3max. Ha
CXeMe TepUMETp YYaCTKOB OTMEYAeTCs KPACHOW NUHUEH, a HalpaBJIeHHUE EHCTBUS IaBICHUS
0003HaYaeTCs CTPEIIKOM, HAMPABJICHHON K cepeanHe tiomaaku (puc. 4.1.10).

4.1.5. Cunbl U MOMEHTbI - PYHKLUN NnepemMeLLeHN

COCpCIlOTOLIeHHBIC Y3JOBBIC CHJIBI W  MOMCHTLHI, ABJISAIOHIUCCA (I)YHKHHCﬁ oT
nepeMemeHHﬁ, OIMHUCBIBAKOTCA HOMEPOM y3Jla, K KOTOPOMY IPUIIOXKECHBI, HAIIPAaBICHUEM
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neiicteus u 3HauenneM (H, H*m), 3anaBaembim B Buie QyHKIIMU OT TIEpeMEIICHHS , HA KOTOPOM
OHU JIeHCTBYIOT. DYHKIUS MOXET 3aJaBaThCsl TaOJMYHO, B BUJAE MOJIMHOMA WA CUHYCOUJBDI,
UMETh MEPHOJ M OIPAaHMYCHHBIN MO apryMeHTy WHTepBai neicTBus. O003HAYAIOTCS CTPEIKOU
KpacHOT0 I[BETa HAIPaBJIEHHOM BJOJIb 3a/IaHHOM OCH, OCTpHE KOTOPOH MPHIIOKEHO K Y311y (puc.
4.1.1e). Ilpm o0O03HauUECHHMH MOMEHTOB IPOTHBOIIOJOXKHBIA KOHEI CTPEIKH OTMEYaeTcs
OKPYXHOCTBI0. OKOJIO Hauana CTPEIKU BHIBOJIUTCS CUMBOII f(X).

@@@
E)i%

Flxy

Puc. 4.1.1.CxemaTtnyeckme mn300paxeHNsa BHELHMX Harpy3ok: a wun ©6-
COCpPenoTOYEHHbIE Y3rOBbIE CUMbl U MOMEHTbl COOTBETCTBEHHO; 8 - TemnepaTypbl B
y3nax; e-pacrnpefeneHHble no AnvHe; O-4aBNEHWs; - COCPeOOTOYEHHbIE Y3MOBble
ycunus, sisnsiromneca QyHKUNSMN NepeMeLLIEHNS N CKOPOCTH.

4.1.6. Cunbl U MOMEHTbI - PYHKLUN CKOPOCTU

Cocpedomouennvie y3106ble CUNbL U MOMEHMbl, AGNANOUWUECA QYHKYuei om
CKOpocmu, ONVCBIBAIOTCSI HOMEPOM Yy371a, K KOTOPOMY NPUJIOKEHBI, HAIPAaBICHUEM ACUCTBUS U
3Hauenuem (H, H ™), 3agaBaembiM B BHA€ (PYHKIHMHM OT OT MPOM3BOJHOM O BPEMEHU OT
NepeMeIleHnsl , Ha KOTOpOM OHHU JeicTByroT. OO03HAayaroTCs CTPENKOM KpacHOro IiBeTa
HaIpaBJIEHHON BJOJIb 3aJlaHHOM OCH, OCTpUE KOTOpPOH MpuiiokeHo K y3ny (puc. 4.1.1e). Ilpu
0003HAaYEeHUH MOMEHTOB IPOTHBOMOJIOKHBIN KOHELl CTPEJIKM OTMEYAETCs] OKPYKHOCThIO0. OKOJI0
Hayajia CTPEJIKU BBIBOJUTCSA CUMBOI f(v). DyHKUIMS MOXET 3a/aBaThbCsi B TaOIMYHO, B BHJE
MIOJINHOMA UJIM CUHYCOU/Ibl, UMETH MIEPUOJ M OTPAaHUYEHHBIN 110 apTyMEHTY UHTEPBaJI JCHCTBUS.

4.1.7. NMoaBWXHbIEe Harpy3Kku

IlogBukHBIE HArpy3kd I[pEIHAa3HA4YEeHbl JUIs ONMCAHMWS CIIy4aeB, KOrjga TOYKHU
MIPUIIOKEHNS Harpy3Kyd M3MEHSIIOTCA BO BpeMeHH. [IprMepom Takoro cirydass MOKET CIIYyXKHUThb
JBIKEHUE TPAHCIIOPTA IO MOCTY U 1p. JUIA ONKMCaHMs NEPEMEIIAONINXCS HArpy30K 3a1aeTcs
II0MIa/IKa, OTpaHUYeHHAas YeThIpbMs y31amu (puc. 4.1.2a) u BeTU4MHA CUJIBI, IPUKIIaIbIBAEMON
B KaxaoM ysie. [Ipu 3TOM mosaraercs, 4ro CHWJIBI JEHUCTBYIOT IO HOPMAJIM K ITOBEPXHOCTHU
IJIOLIA/IKK CO CTOPOHBI, OTKY/Ia Y3JIbl, OTpaHUYMBAIOIINE IUIOIMAKY, OyAyT MPOHYMEPOBaHbI 110
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yacoBou cTpenike. [l y3/I0B IUIOMIAAKU MOKHO 3a/1aThb KHMHEMAaTHYEeCKUE BO3MYILECHHS (
3aJIaHHBIC TIEPEMEIICHUs, CKOPOCTH WM YCKOPEHHs), KOTOpble OyayT oOecrieunBath €&
NepPEeMEIICHIE B COOTBETCTBHH C TPeOyeMOl 3aBUCUMOCTBIO OT BpeMeHHU. B X071 BEIYHCIICHUH B
COOTBETCTBUU C aJITOPUTMOM CHJIbI, CBSI3aHHBIE C y3JIaMU IUIOMIAAKH, OyIyT MPUKIIAIbIBATHCS K
IpyruM OmmkadmmM y3nam wmojenu. Ha puc. 4.1.2.6 mpeacTaBiieHbl MOTOXKEHUS TUIOIIAIKA B
paziM4yHble MOMEHTBHI BpeMeHHW. JlaHHBIA mpuMep, WIIIOCTPUPYIOIMIMNA HCIOJIb30BAHUE
MepEMEIIAIOIINXCS HAarPY30K, MOCTABIISIETCS C MPOrPAMMON U OMTUCAH B MIPHIIOKEHUH.

Puc. 4.1.2. MNepemeLyatoumecs Harpysku: a - npumep onncaHus ; 6 - NofioXxeHue
nnowaak1 B pasnuyHble MOMEHTbI BPEMEHU.

1 - nsobpaxeHne nnowiagku; 2 - nsobpaxeHne Ccun, MNPUMOXKEHHbIX B Yy3nax
nnowaakM; 3 - KMHeMaTudeckue BO3MYLLEHMs ( 3aJaHHble  CKOpoCcTu ),
obecneunBatowmne Tpedbyemoe nepemMeLLeHne NNoLaaKu.

Cﬂe;[yeT, TAaKIKEC, UMCTb BBUY, UTO UCIOJIb30BAHUC YKAa3aHHBIX HAI'PY30K HEC
HaKJIaJdbIBACT OFpaHquHHﬁ Ha I/ICHOJ‘ILSyeMblf/'I AJITOPUTM PCHICHUA U 3a/la4a MOXKET pCIIAThECA B
paMKax JOMYHICHUS O MAJIbIX IIEPEMECIICHUAX, a4 TPOLECC paACCMATPUBATHCA KaK CT&TI/IHCCKI/Iﬁ,
TaK U KakK )IHHaMquCKHﬁ.

4.1.8. Harpy3ku pacnpegerneHHble NO Macce

Harpysku pacnpeneneHHble IO Macce MpEeAHAa3HAuYeHbl I OIMCAHUS CIIy4aeB
MHEPLHUOHHBIX HArpy30K, JAEUCTBUS CHUJIBI TSDKECTH, LEHTPOOEKHBIX CHUJ ( Ui BpalarolIuXxcs
KOHCTPYKUMH M jgeranedd ) ¥ T.A. 3aJal0T 3HAYEHHE CHUJIbI, Ha eIWHUIy Maccel, B H/kr B
MPOEKIMSIX Ha OCH IN100anbHOM cuctemsl koopauHat ( Wy, Wy, u W.) . Ana 3nauenuit Wy, W, u
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W. ™oxer OBITh 3aJaH JUHEWHBIA 3aKOH W3MEHEHHUS B 3aBUCUMOCTH OT KOOpPIUHAT.
[Ipocreiimum npuMepoM JAHHOTO TUIIA HArpy3KHW SIBISETCS CUJia TskecTH. B sToM ciydae
3amaércs KOHKpeTHoe 3Hadenwe (9,81 H/kr) B HampaBineHuw (mpsMoOM wWiId OOpaTHOM) OCH
I00aTBbHOM CUCTEMBI KOOPJIMHAT, COOTBETCTBYIOIICH BEPTUKATBHOM.

4.1.9. Harpy3ku Bbi3BaHHble BO3AeNCTBMAMM BHELLHEN cpeabl

B mporpamme peann3oBaH y4€T MEXaHMYECKOTO BO3JICHCTBHUS IBYX BUJOB BHEIIHEH
cpeabl — aTMOC(EpHOTO BO3/yXa WM ra3a, U BoAbl. Bo3aeiicTBue cpeapl Ha IIEMEHTBI COCTOUT
U3 CHJI CTaTUYECKOTOo JaBjieHUs (Cuia ApXuMesa), U CHII THIPaBIMYECKOTO COIPOTUBIICHHUS.

Jna 6030yxa unu 2aza 3a1al0TCSI MPOCKIMH CKOPOCTH HA OCH TIIOOAJIBHON CHUCTEMBI
koopauHar - Vy, Vy, u V.. U cBolicTBa rasa.

Jna yscudkocmu monaraercs, 4ro e€ CBOOOJHAs MOBEPXHOCTh HOpMalibHAa ocu OZ
rI100anbHOM CHCTEMbl KOOpPAMHAT, Och (OZ HampaBjeHa BBEpX, a CHJIA TSHKECTH JCHCTBYET B
HaIpaBJICHUU TPOTHBOMONIOKHOM ocu  OZ. JKuIKOCTh MOXET OBITh HEMOABIKHON WU
JIBUTATHCA C 3a/IaHHOM CKOpPOCThIO (TeueHwue). [loBepXHOCTh KUAKOCTH MOKET OBITh CIIOKONHOMN
WU B3BOJHOBaHHOW. B oO0meM ciydae CKOpOCTh JKHAKOCTH B 3aJlaHHOM TOYKE OyJleT
OTIPEICTIATHCS KaK cyMMa CKOpOCTed, 00yCIOBIIEHHBIX TEYUEHUEM U BOTHEHHEM.

Haczpy3ku na cmepowcnu om Oeiicmeusn cpedvl ONPEIEISIIOTCS KaK paclpeesIeHHbIE 110
JUIMHE CTEp)KHSI HAarpy3kKd ¢s , BEIMYMHA KOTOPBIX OIpeaesseTcss KakK MpOU3BEICHUE
npuBeneHHOTo Kodddunuenta C,, Ha KBagpaT MPOEKIHMHA CKOPOCTH BETpa Ha HAaIpaBICHHE
MEPIEeHIUKYIIPHOE HEHTPATLHOM OCH CTEPIKHSA

qs = Cnp Pep Vn2 /2.

Pep  -TUIOTHOCTB CPEJIBL;

Vs, - mpoekuusi BEKTOpa CKOPOCTH CpPEIbl OTHOCHUTEIBHO pPAacCMAaTPUBAEMOW TOYKH
CTep)KHS Ha HOpPMallb K IMOBEPXHOCTH CTEpPXKHs, JICKALIYI0 B OJHOU IJIOCKOCTH C BEKTOPOM
ckopoctu  (M/c).

Jlnist 9TOM Harpy3Ku JOJDKHBI OBITh MPEABAPUTEIBHO 3aJlaHbl TOBEPXHOCTH BOJBI U (MIJIH)
MPOCKIIMKA CKOPOCTH BETpa Ha OCH TJIOOAIBHOW CHCTEMBI KOOPAMHAT, a TaK)Ke MPUBEIECHHBIX
kodpuuneHt Cpp, I B3aUMOJEHCTBUA ¢ BOAON M Bo3nyxoM. IlocienHue XxapakTepu3yroT
CCUCHUC CTCPKHA MW 3aJar0TCd B 3allMCH C JOMOJHUTCIIBHBIMU XAapPaKTCPUCTHUKAMU CCUCHUA
CTEPIKHS.

Benuuuna C,,  ompexaenseTcss Kak MpousBeAeHHE Oe3pa3mMepHOro koiadduireHTa
CONIPOTHBIIEHUSI C, , XapakTepusyrwouero ¢opmy cedeHus, Ha 3(PQGeKTUBHBIN (0OBIYHO
MaKCUMAaJIbHBIN) pa3Mep MOMEPEeYHOTO CeYCHNUs He, T.€.

Cnp: Ca he .

Ecnu 3amaHbl CBOMCTBA MOBEPXHOCTHM BOJBI, TO MNPH HAXOXKIACHUU HUXKE YPOBHSA
IMOBEPXHOCTHU CUUTAETCS, YTO OH B3AUMOJAEHCTBYET C BOJIOW, NHAYE — C BO3LYXOM.

Ecmm nmna  crepxua  Cyp HE YyKa3zaHbl IMPEABAPUTEIIBHO B JIOMOJHUTEIIbHBIX
XapaKTePUCTHKAX CEUeHHUs, TO C, NMPUHUMAETCS PaBHBIM EIWHHIE, a H. ONMPENENsIeTcs Kak
MAaKCHMaJIbHas BBICOTA CEYEHUS 110 KOOPAUHATAM €T0 OMACHBIX TOYEK.

[Ipu B3auMonencTBUM C BOJOM, ONMCAHHOW CBOWCTBAMH ITOBEPXHOCTH, YUUTBHIBAETCH,
TaKke, cuia Apxumena, B CyMME paBHasi MPOU3BEICHUIO TJIOTHOCTH JKHUIKOCTH Ha OOBEM,
BBITECHSIEMBbIH CTEp)KHEM. [Ipy 3TOM IUIOMIAAL CEYEHHUs, BBITECHSIOLIAS >KUIAKOCTb, MOKET
OTJIMYATHCA OT IUIONIAJM CEYEHHS], UCTIOIb3YyEeMOM ISl pacyéTa ynpyrux XapakTepuCcTuK. B aTom
CJIy4yae OHA YKa3bIBAE€TCS B JIOMOJHUTEIIBHBIX XapaKTEPUCTUKAX CEUCHUS CTEPHKHS.
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3anucH, ONUCHIBAIOIINE CBOMCTBA IOBEPXHOCTH BOABI, U (MJIN) CKOPOCTH BETPA, JOJIKHBI
IPE/IIEeCTBOBATh OIMCAHUAM 3JIEMEHTOB JJAaHHOT'O THIIA.

Ilosepxnocmu 6030eiicmeus cpeowt ONMCBIBAKOTCS HOMEpamMu y3J10B
YEThIPEXYTOJIbHUKOB, Ha KOTOpbIE JEHCTBYET BETPOBOE JaBJIEHUE, [10 4aCOBOM CTpelske ( eciu
CMOTPETb CO CTOPOHBI JEHCTBUS JABJIEHHS ) M BEIMYMHAMU IPHUBEAECHHBIX IPHUBEIECHHBIX
(ruapo- UM a3pOAMHAMHUYECKUX ) KO3(PULIMEHTOB B 3TUX y3/1ax. BennuuHa aBieHus cpesbl pep
Ha MIOBEPXHOCTh OIPENAEISAETCS BIPAKEHUEM

Dep = Cup Pep Va2 /2, rue

Cnp  -TIPUBEICHHBIN KO PUIMEHT;

[Ipun >TOM JnaBieHHe NEUCTBYET B HAMpPABJICHUU TMPOEKIMH BEKTOpa OTHOCHUTEIBHOM
CKOpPOCTH Ha HOpMaJIb K TIOBEPXHOCTH 3JIEMEHTA.

[Tpu 5TOM naBieHHE NEHCTBYET MO HOPMAIH K IIOBEPXHOCTH 3JIEMEHTA.

Cpena, BO3ACHCTBYIOMIAs HA JJIEMEHT, OINPEIENIICTCS ONMMCAHHBIMU B HA0OpE JaHHBIX
TUTIAMU CPe U TEKYIIUM MOJIOKEeHHEM 3ieMeHTa. Eciu 3a1anbl cBOWCTBA MOBEPXHOCTU BOJIBI,
TO TIPY HaXOXKJICHUH HIKE YPOBHS MOBEPXHOCTH CUUTAETCS, YTO OH B3aUMOJICHCTBYET C BOJIOM,
uHaue — ¢ BO3ayxoM. [Ipu 3TOM 3amucu, OMMCHIBAIOLINE CBOWCTBA TTOBEPXHOCTU BOJIBI, U, €CIU
HE00X0/IMMO, CKOPOCTH BETPA, JOJDKHBI IPEAIIECTBOBATH OMMCAHUSIM 3JIEMEHTOB JJAHHOTO THUIIA.

B mporpammMe mpemycMoTpeHa BO3MOXKHOCTH 3a/IaHUs JI MOBEPXHOCTEH pazIUYHBIX
BEJIMYMH TPHUBEICHHBIX KOA(PQPHUIMEHTOB, YTO TO3BOJISIET, PU HEOOXOIUMOCTH, 00Jee TOYHO
yU4ecCTh pacipeielieHle JaBJICHU OT B3aUMOJICHCTBUS CO CPEIOi.

Ha cxemax ko3pdummentsr C,, 0003HAYAOTCS CTpPEIKaMH, HAIMPABICHHBIMH K
cepeauHaM IUIOLIAI0K, B3auMOJAEUCTBYIOMMX co cpeaod  (puc. 4.1.3). Ilpu ortoOpaskeHuun
Harpy30K B pPEXKUME MacCIITaOMPOBAaHUS JUIMHBI CTPEJIOK MPOIOPLUMOHAIBHBI 3HAYCHUSIM
koadurmenton (puc. 4.1.3.a4,6), A npu BeIBojie 6€3 MacIITAOUPOBAHHUS - UMCIOT PaBHBIC JITTUHBI
Y TIOKA3bIBAIOT TOJBKO HAIIPABJICHHUS.

Takum 00pa3oM Npu ONHUCAHMM HArpy30K OT JEMCTBUSA cpelbl Ul BCe MOAEH
HE0O0X0IMMO 3aJ1aTh, CBOMCTBA MOBEPXHOCTH BOJBI M CKOPOCTh BETpa B BHJIE NMPOCKIUN HA OCH
1J100a1bHOM CHCTEMbI KOOPJMHAT, a JUIs 2JIEMEHTOB KOHCTPYKLIUH (CTepKHEH U MOBEPXHOCTEN) -
COOTBETCTBYIOIIME IPUBEIECHHBIE KOA()(PUIIMEHTHI.
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Puc. 4.1.3. OTtobpaxeHune koadhPpULMEHTOB Harpy3oK cpea Ha cxemax: a-8 - 6es
MacwTabupoBaHus; 2-e - B pexmme macltabupoBaHme Harpysok.

4.1.10. CHeroBble Harpy3ku

Cnezoevie Hazpy3ku ONMCHIBAIOTCS HOMEPAMHU Y3JIOB YETHIPEXYTOJbHUKOB, Ha KOTOpPbIE
JEMCTBYET BEC CHETOBOI'O IIOKPOBA, B HAIPABIEHUH, IIPOTUBOIIOJIOKHOM oc OZ M BEIWYMHAMU
MOJTHBIX HOPMATHBHBIX 3HAYEHHI CHEroBOW Harpy3ku S. B dTHUX y3iax. Harpyska peicTByet
CTPOTO B HAINpaBJIEHUH, IPOTUBOIOJIOKHOM ocH OZ rio0anbHOM CUCTEMBI KOOPAWHAT, IIOATOMY
IpU HEOOXOAMMOCTH Yy4€Ta CHETrOBBIX HArpy30K CleAyeT IJIOO0AJbHYI0 CUCTEMY KOOpPJIMHAT
BbIOMpPATh TakuM 00pa3zoM, 4ToObl e€ och (OZ Oblia HampaBlieHa BepTHKanbHO. BemuumHa Se
OTpesieNsieTCsl BRIpakeHueM /22/

Se = Soc e,  TAE

Soc - HOPMATHBHOE 3HAUeHHE BECa CHETOBOTIO MOKPOBA Ha 1 M’ TOPU3OHTaILHOI
IIOBEPXHOCTHU 3E€MJIH;

U -KOOPOUIUEHT mepexoja OT Beca CHErOBOro MOKPOBa 3eMJIM K CHETOBOM Harpyske
Ha TIOKpBITHE.

Konkpernsle 3HaueHus Soc U M TPUHMMAETCs B COOTBETCTBUU C MECTOM
CTPOMUTENHCTBA U OCOOEHHOCTSIMU KOHCTPYKIIMH MOKPBITUS U3 Tabmui /22/ .

Ha cxemax cHeroBas Harpyska OoToOpa)kaeTCsi KOHTYPaMHU IUIOIIAJOK, CMEIIEHHBIMU B
HampaBJIEHUHU OCH, OTOOpaKaeMbIX TEMHO-CHHUM I[BETOM. [Ipu wu3o0pakeHun 6e3
MaciuTaOupoBaHHUsl CMELICHHE IUIOMIAJIOK IOCTOSHHO MO BEJIMYMHE, a MPH OTOOpaXKeHHUU B
peXHUMe MacIITaOMpPOBaHUS - TPONOPIUOHATIBLHO BEIMUMHAM , 33/1aBA€MbIM ISl OITMCHIBAEMBIX
Harpy3ok (puc. 4.1.4.a 1 6 COOTBETCTBEHHO).
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Puc. 4.1.4. OtobpaxkeHne CHeroBbIX Harpy3oK Ha cxemax: aun 6 - 6e3
MaclTabupoBaHusi ; 8 U 2 - B pexmMMe maclutabupoBaHme Harpy3ok.

Ilo ymonuaHuio BeIMYMHA BCEX 3aJlaHHBIX HAarpy30K CUMTAETCA IOCTOSHHOM Ha BCEM
paccmMaTpuBaeMOM HHTEpBajie BpeMeHU. B mporpamme npeaycMoTpeHa BO3MOXKHOCTb 3aJaHUS
IPAaKTUYECKHU JHOOOro 3aKOHAa M3MEHEHMsI MUX BO BPEMEHHU IIyTEeM BBEAEHHUS B HAOOp JaHHBIX
ONKCAHMS CIIEUATLHOTO MHOXHTENS, sBIstomierocss (yHkuueld BpemeHu. llpum Hammumm
ONHUCAHMUsI TAKOr0 MHOXMTEIS B HaOOpe JaHHBIX BCE CIEAYIOIIME IOCIE€ HEro Harpys3ku
YMHOXAIOTCSl Ha €ro TeKyllee 3HaueHue. Takux MHOXKuTeleld B HaOOpe JaHHBIX MOXET OBbITh
HecKoJbKo. O0nacTh AEHCTBUS OJHOTO M3 HUX OTPAaHUYMBACTCS CIEAYIOIUM U T.1. B sTom
clly4ae 3HaueHHe JIt000il Harpy3ku B KOHKPETHBbI MOMEHT BPEMEHM OYAET OINpenessThCs Kak
IIPOU3BE/ICHUE 3a/laHHOT0 3HAYEHUS HA 3HAUYEHUE MHOXKHUTENS B TEKYHIMI MOMEHT BPEMEHHU.
[Ipu craTMuyeckoM pacueTe BEIWYMHBI MHOKUTEJEW BBIUUCISAIOTCS A 3HAYEHHS] BPEMEHU
pPaBHOTO HYJIIO.

JUia  cratudyeckoro pacyera MpeAyCMOTpEHAa BO3MOXHOCTh BApUAHTOB COYETAHUSA
Harpy3ok. B aToMm cmyyae B HaOop JIaHHBIX BBOAWUTCS Tabiuna Kod(p(UIMEHTOB Harpy3ok
JUIsL KaX/J0ro BapuaHTa pacyera. [Ipum pacueTre KOHKPETHOrO BapHaHTa 3HAu€HUE KaKIOu
Harpy3kM yMHOXKaeTCsl Ha COOTBETCTBYIOLIMM Harpy3ke U BapuaHTy K03 (HUILIMEHT.
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4.1.11. Cencmuyeckoe Bosgencreue

JlanHblil BUJ HAarpy3Ku YYMTHIBA€TCSl NPU PELIEHUU JBYX THUIIOB 3ajady — pacuére
MepeMENIeHU OT BO3JCHCTBUS CEMCMHYECKON HAarpy3kH JIMHEHMHO-CIIEKTPAJIbHBIM METOAOM H
pacuére napaMeTpoB ABUKEHUSI IPU IMHAMUYECKUX [IEPEXOIHBIX IIPOLECCAX.

Ceilicmnueckoe  Bo3ielicTBue  3afaércss  AByMs — cmnoco0aMM  —  CTaHAAPTHBIM,
ucnonb3yembiM B CHull, u cnexrpanbHbIM.

[Tpu 3aganuu cTaHAAPTHBIM CIIOCOOOM HEOOXOAMMO YKa3aTh;

-aMILJIUTY/Ibl YCKOPEHUSI OCHOBAHUS B HAIPaBJICHUU KOOPAWHATHBIX ocell Ax, Ay U Az

-KaTeropuIo rpyHTa;

-ko3ppunenter K, K> Ky, , yduTBHIBAKOIIME JOIYCKAEMbIEC IIOBPEKICHUS,
KOHCTPYKTUBHBIE PEIIECHUS U XapaKTEPUCTUKH 3/1aHUN U COOPYKEHUH COOTBETCTBEHHO.

B ormmune ot 3amaBaemoro mo CHull kosddummenta 4 B mporpamMme 3anar0Tcs
BEeIUYUHBI Ay , Ay U A: - aMIUIMTYyAbl yCKOpeHWHl B HampaBieHuu oceit OX, OY u OZ
COOTBETCTBEHHO. Tak Kak BecoBas Harpyska paBHa IIPOM3BEICHUIO MacChl Ha YCKOpEHHE
CBOOOJHOTO TaJeHHsl g , TO CBS3b MEXAY KodhduumeHToM A U yKa3aHHBIMH BEIHMYUHAMU
OyZeT OonpeaensiThCs BhIpaXKEHUEM

As = gAd .. Tae S = X, ),z .

T.e. st pacu€tHoit ceficMuunocty 7, 8 u 9 GamioB kodpduumentsl A; OyayT UMeTh
3HaueHus 0.981 , 1.962 n 3.924 coorBercTBeHHO. IIpu 3TOM, UX MOYKHO NPUHUMATH
OTJIMYHBIMU JIPYr OT JApyra IO BEJIWYHMHE, YTO MO3BOJIIET MOJEIMPOBATh PA3IMuYHbIE CIydyau
HAMpPaBJIEHHOCTH CEMCMUYECKOTO BO3ICHCTBHUS.

Hapsiny c¢ 3aganmem nHarpy3ok no CHull, B nmporpamme peanu3oBaHa BO3MOXXHOCTb
3agaHus K0d((OUIIMEHTOB AUHAMHUYHOCTH B (DYHKIIMM OT YacTOTHI (CIIEKTPOB OTKJIMKA) B BHJIE
tabmun. Ilpu 3TOM 3HaueHue pacnpenenéHHON Mo Macce CEMCMUYECKON HArpy3Kd MOIydaeTcs
KaK TpOM3BEICHHE aMIUIMTYJHOTO 3HAYCHHS YCKOPEHHsT Ha 3HadyeHue Koddduumenra
JUHAMUYHOCTH. Koadpduuuentsl IUHAMUYHOCTH MOTYT 3aJaBaTbCi pa3leiIbHO IIO
HaIpaBJIEHUsIM Ocell riIobanbHON cucTemMbl KoopauHaT. Eciau Tabnuna 3HaueHnii koaddunnenrta
JUHAMMYHOCTH 3aJaHa TOJBKO Mo ocu OX, a aMIUIMTYAHBIE 3HAUEHUS YCKOPEHHH IO APYTUM
OCsSIM HE paBHBI HYJIO, TO (PyHKIMA KOA(P(UIHNEHTOB TUHAMUYHOCTH OT YaCTOTHI MPUHUMAETCS
OJIMHAKOBOI1 110 BCEM HAIIPABJICHUSIM.

IIpn pacuére nepemelmieHUN M HANpPsDKEHWM NpU ACHCTBUM JUHAMUYECKHX Harpy3okK
33JJaHHOE CEHCMHMYECKOE BO3ACHCTBHE DPACCMATPUBAETCS KaK pacHpelei€HHas [0 Macce
HarpysKa, BeTUIHHA KOTOpOM onpeensieTcs BbIpaKeHUEM

a,=> A.e” sin(of+@,)
i=1 ,
Trac
N —gucio TapMOHUK, alllIPOKCMMHPYIOINX 3aKOH JIBUKCHHA OCHOBAHUA,
O - Ko puimeHT 3aryxaHus,
@j— KpYroBas 4acToTa KoJleOaHuil i -l TapMOHHKH,
@i — HavyanbHas (aza kojeOaHMM i - TapMOHHUKH, ompenenseMas Kak ciydaiiHas
BEJIMYHMHA,

A, = A48, (&Jf)ﬁm.

! - aMIUIMTYy/1a TADMOHUKHU C UHJIEKCOM 1 ;
[m,. —Aw/2,0. + Ao, f2]

by

A®; - gacToTHBI WHTEpBaN CIEKTpa
aMIUTUTYAY ij—1 TapMOHMKH;
IIpyn TakoM IpeaCTAaBIEHMM YWCIO FAPMOHMK, alllIPOKCUMUPYIOIIUX 3aKOH JIBHXKECHHS

ONPEACIISIONINIA

ocHOBaHHMs N paBHO YHCITy HHTEPBAIOB pa3OHEHHs CIeKTpa (a)i ), JIOJDKHO OBITH HE MEHEe
100;
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S, (@) - CHEKTpP KOMIIOHEHTBbl S YCKOpEHHUsI OCHOBaHHUA; (S = X,y,Z), 3a/JlaHHbIi B
TaOIMYHON (POpPME MM CTaHIAPTHBIM.
CraHIapTHBIA CIIEKTP ONPEIEIISICTCS BRIPAKCHUEM

'S.s = A.r —ﬁ(ﬂ‘])ﬁmr
: @ ~ @i

max 5

TA€ @Omin U @Omax — MUHUMAIBHOE M MaKCUMAJIbHOE 3HAUEHHUS YaCTOT, ONPEICIISIOIINE
paccMaTpuBaeMblil HHTEPBAJl CIIEKTPA;

K
ﬁ(fﬂ):ﬁm opH Tj<ﬁm

3nech
27

1,= ~, - liepuox KoJIe0aHuil,

K=K, K> K 5

K. - xo3(pumenT, onpenensronmil cBoiicTsa rpyHra,

K; - ko3pdUIHEHT, yIUTHIBAIONINNA JOMyCKaeMble TIOBPESKACHUS 3[JaHUN M COOPYKECHHUH,

K> - K03hOUIMEHT, yUUTHIBAIOIINNA KOHCTPYKTUBHBIE PEIICHUS 3aHUN U COOPYKEHUH

DeMeHTHl IPUBEACHHBIX BBIIIC BRIPAKEHUI UMEIOT CIISIYIOIINE 3HAUYCHHS

-1 rpyHTa nepBoii kateropuu K. = 1.0; Suax= 3.0;

-5 TpyHTa nepBoit kateropun K. = 1.1; fuax= 2.7;

-J171s1 TpyHTa niepBoit kateropun K. = 1.5; fuax= 2.0.

Jli1st Bcex ciydaeB fmin = 0.6.

Tabnuiel 1 MoaPOOHBIE peKOMEHIAMH 0 3afanuio kKodddunuentoB K;, K> Ky , a
TaKke TpeOyeMoro KOJIMYECTBa MpeABAPUTEIHHBI BEIYUCIECHHBIX YacTOT W (OpPM COOCTBEHHBIX
KoJIeOaHUN KOHCTPYKIIMH, COOTBETCTBYIOIIMX KOHKPETHOM pacd€THON CUTyalluu MpeCTaBlIeHbI
B CHulI II-7-81.

[Ipu 3amaHUM CHEKTPOB OTKIMKA TAOJMYHBIM CIIOCOOOM CHEKTPBI OMPEeIISIOTCS
BbIpR)KEHUEM

S: = A: 1 ﬁ: (ﬂ"])ﬂ‘mr
: @ - mmi.n

max

rae [« w) onpenensiercst HEMOCPEICTBEHHO U3 TaOIuII.

Kpome Toro, nms pacuéra mnapamMeTpoB IEPEXOAHBIX IPOLECCOB 3aAETCA BpPEMs
neicTBus U K03 (PUIIMEHT 3aTyXaHusl.

IIpu 3amanuyu BpeMEHM AEMCTBHS PaBHBIM HYIJIIO I0JIAaraeTcs, 4To JAEUCTBUE HArPY3KH HE
OTpaHUYEHO 10 BPEMEHHU.

IIpu 3amanum Kod(pdHUIMEHTa 3aTyXaHUS PaBHBIM HYJIO MOJAaraercs, 4ro 3aTyXaHue
OTCYTCTBYET.

ITpu HeoOxoaMMOCTH O0JIee CI0XKHBIX 3aKOHOB U3MEHEHUS aMILJIUTYl BO BpEMEHH, KaK U
JUIsL IPYyTUX BUAOB HAarpy3oK, I€pe]l 3alKChi0 C OMHCAHWEM CEHCMHYECKOro BO3JEHCTBUS
MOYKHO BBECTH MHOXHTEJb C ONUCAaHHEM (YHKIIMU U3MEHEHUS aMIUIMTY] OT BpeMeHH. B aTom
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cllyyae aMIUIUTyAa OyAeT paBHa MPOM3BEACHUIO 3alaHHON BEJTMYMHBI Ha 3HAYCHHE MHOXKUTEIIS.
IIpu sTOM mosaraercsi, 4YTO MHOXXUTENIb MOXXET OBbITh TOJBKO IOJIOKUTENbHBIM. [lpu
OTPULIATEIIbHBIX 3HAYCHUSIX MHOMKUTENS aMIUIMTY/1a IPUHUMAETCS PABHOU HYIIIO.
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4.1.12. Bo3gencrtBue B3pbiBa

BoznelictBue  B3pbIBAa  MOAEIUPYETCS  COUYETAHUEM  CIELUUAIBHOIO  3JIEMEHTA,
pa3MelaeMoro B Y3JOBOM TOYKE i, M TNOBEPXHOCTEH [aBJICHHs, Ha KOTOpbBIE JEUCTBYET
Bo3nylIHas ynaapHas BosiHa (BYB), Bo3Hukatomass B pe3ysibTare MOJPhIBA B3PHIBUATOTO
BeniectBa (BB) B Touke i. Pa3nuynble BUIbI B3PBIBHOTO BO3ACUCTBUS U APYTUX IKCTPEMATbHBIX
Harpy30k Ha OOBEKTHI TOJIPOOHO paccmorpeHsl B [49]. B mporpamme Mojenupyercs
BO3JICUCTBUE JIETOHALIMOHHOI'O B3pbIBA U3HYTPHU 3aKPBITHIX U YACTUYHO OTKPBITHIX MOMEIIECHUN,
pPacCMOTPEHHBIX B 11.9.2 yKa3aHHOT'O HCTOYHUKA. DTU CBEACHUS IIPUBEACHBI B JaHHOM pa3/elie.

JleTOHAIIMOHHBIN B3PBIB XAPAKTEPEH [JIsl KOHLEHTPUPOBAHHBIX B3PBIBUATHIX BEIIECTB
(BB) — TpoTuna, rekcoresa u T.I1.

OcHoBHBIM BHUJIOM Bo3zelcTBUA BB Ha 00beKT siBisieTcs BO3MAYIIHAs yAapHas BOJIHA,
XapakTepuszyemas JaBJICHUEM, a TaKXKe MPOJODKUTENILHOCTRIO U (PYyHKIMEH ero M3MEHEHUsS BO
Bpemenu. [lapamerpsl BYB npousmtoctpupoBansl Ha puc.4.1.12.1.

a) &)

Ap(t) p(t) 1 2 3 4
ATMmocdhepHoe -
AaeneHue N /
Apg e | QL
Ap- ) - ‘h“-\.x
¢ LTS
0 | ¢t 0| &
T+ ral =
< - 5 —=
<« b

Puc. 4.1.12.1. lNapameTpbl geToHaunoHHon BYB:

a — 3aKOH U3MeHeHUs n3bbITOYHOro AaBneHus; 6 — naBneHne B oase cxaTus:

1 — no chopmynam (9.7), (9.8); 2 — c 3anacom no copmyne (9.9); 3 — ncxogs
N3 paBeHCTBa MMMYNbCOB; 4 — ANSA XECTKNX KOHCTPYKLNIA

[TapameTpsl BYB 3aBucAT OT IpUBEAEHHOTO PACCTOSHUA:

R

R=——,

(4.1.12.1)
Trae

(4.1.12.2)

- a(pexkTuBHAS Macca, ¢ — JOJS SHEPrUM B3pbIBA, pacxoiyemas Ha 0Opa3oBaHHE BOPOHKU
(g ckanbHbIX Iopo ¢ = 0.05; anst MaArkux rpyHToB ¢ = 0.2; Ipu KOHCEPBAaTUBHBIX OI[EHKAaX
cienyer npuHumarb ¢ = 0);
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« - OTHOIIECHHE YACJIBHOW DHEPruM B3pbIBa paccMarpuBaeMoro BB k yzaenbHON 3HEpruu
tpotuna (THT). 3nauenuss o« mpuBenensl B Tabm. 4.1.12.1. Ecnu tun BB Heu3sBectew,
npuHUMaT o = L.5.

Tabnuya 4.1.12.1.

BB VY enpHas TeroTa B3phIBa, a [Inotaocts BB
K JIx/Kr o BB,
/M3
THT 4520 1.0 1.6
['excoren 5380 1.19 1.66
OxkTtoren 5695 1.26 1.9
TOH 5785 1.28 1.77
Terpun 4520 1.0 1.73
[lentanur 4520 1.0 1.66
OxkTton 4475 0.99 0.6
TT 50/50 5150 1.14 1.66
AMMmaron 2665 0.59 1.6
A-1X-2 7005 1.55 1.72

[Tapametrpsr BYB (puc. 9.2,a) BEIUUCTSAIOTCS TIO CAEAYIOIIMM 3aBUCUMOCTSIM.
N30bITOYHOE NaBrEeHUE

[[ 092 35 106"
_|_

—t—= }'1(}5 mpu 1.2 <R <17.8 m/xr??;
Ap, :1 R R R’
19,105 p-145 <R < /3
42-10°R npﬁrl?.S_R 1000 m/kT ’ (4.1.12.3)
[.1 7-107 %E\E npul.2 < R <10m/xr"’;
T =
+ 4 1031l Ao |04 S R i3
16.594- 1073/0,, [120.4R))"*  mpn10< R <1000 w/xr | @1124)
JlaBiienue B (asze cxatusi
n
I
p(1) = Apy I-—
+/ (4.1.12.5)

HauGonpiiee oTpunaTenbHOe  JaBI€HHE U MPOJODKUTENBHOCTh  (Da3bl  pa3pekeHus
OIMCHIBAIOTCS AIMIUPUYECKUMU POopMyTIaMu

Ap_=3-10°R™, Tla;

r =0.16-3/0,, . c. (4.1.12.6)

- W

VY aenbHbIN UMITyNbe (as3bl CKATUS i+, YUCISHHO PaBHBIN MJIOMIAAN MO/ KPUBOU TaBICHUS
mpu 1.2 < R < 1000 m/kr1/3 onpenensiercs mo Gpopmyiie
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' R 4.1.12.7)

[Ipu neToHanmoHHOM B3pbIBE 3apsiaa BB BHYTpH 3akpbhITOro moMeuieHusl XapakTep Harpys3ku
BUJIOU3MEHSETCSI BCIEACTBUE HAJIOKEHUSI BTOPUYHBIX BOJH, OTPAKEHHBIX OT CTEH U IOTOJIKA.
Tunuunelii rpaduk oTpakeHHOro AaBieHUs Moka3zaH Ha puc. 4.1.11.2. Tunmunbeii rpaduk
OTPa)XCHHOTO JaBlicHUs moka3aH Ha puc. 4.1.11.2. 3nauenne A Porp TPH IUIOIMAAU MPOEMOB
menee 10% ot obmieit miomraau Bosaeiicteus BB nmpoémos onpenensiercs: BBIpaKeHHEM

6(Apy)°
APy = 2Apy +———2— MITa.
Ap, +0.72
Py
(4.1.12.8)
Jns ciydyaeB ¢ OTHOCUTENBHOM TUIOIIa b0 TpoéMoB Oosiee 10% ucnonsiyercs hopmyia
o I 2
Ay - A 2.5(Apy)
porp qu
Ap, +0.72
P oTp
- Puc. 4.1.11.2. Onwopa paeneHus B
= OTPaXEHHOW  ydapHOM  BOSfHE  Mpwu
{g‘-‘q HanoXeHn BTOPUYHbIX OTPaXX€HHbIX BOSH
-
eI BugHo, 4Yro MakcHMMalabHOE OTPaXEHHOE
- I naBienue A Po,p He  HM3MEHSETCS, HO
= + =1 MOSIBIISIFOTCS JOTIOJTHUTEbHBIE MIUKH,
=S CO3/I1aBaeMble BTOPUYHBIMU  OTPAXKEHHBIMHU

BonHaMu. [lpu sToM yBenmuuuBarorcs oOrias
JUTUTEITLHOCTh BO3JCUCTBHS W YAApPHBIA HMMITYJIbC, COOOMIAeMBbIi KOHCTPYKIIMH. B mnepsom
NpUOIMKEHUN YBETUYCHHBIN YAApHBIN UMITYJIbC ONpeaenseTcs BoipaxkeHuem [50]
i, = ki,
rA€ i+ — YAApHBIA UMITYJIbC IPU B3PHIBE B HEOTPAHUYEHHOM MTPOCTPAHCTBE;
k — 06beMHbII KOd(DUIUEHT, 3aBUCAIINI OT OTHOIIEHUs 00beMa ToMelIeH s V, M°, K Macce
3apana Qsgp, Kr.

[Ipu TpeyroapHOI SMIOpPE OTPAKEHHOTO JABJICHHS YBEIMUECHUE YAAPHOTO UMITYJIbCa B k
pa3 IpH OJTHOBPEMEHHOM COXPaHEHUH MaKCUMAIBHOTO OTPAKCHHOTO JAaBJICHUS 03HAYAET
YBEJIMUEHHUE BO CTOIBKO )K€ Pa3 ATUTEIbHOCTH HATPY3KH.

T = kt+; (4.1.12.9)

AHaTUTUYECKU BBIYUCIUTH KOA(D(UIIMEHT K TOCTATOUHO CIIOKHO, U CETOAHSI €T0
3HAYCHHE MPHU KAXKJIOM KOHKPETHOM COYETaHWN Ha3BaHHBIX BHIIIE ()aKTOPOB ONPEACISIOT
sKkcriepuMenTanbHo. B [50] npeanaraercs npu V/Qsp > 7 npuOIMKEeHHO HAXOJUTh €T0
CIETYIOIIHUM 00pazom

(8.5-7/(20,) mpu7<V/0,, <15

;{ =
11 mpu 15 <V/0,,.
: / (4.1.12.10)
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B a10i1 3xe paboTe chopMyaupoBaHbl CIeAYIONUE IPaBIiia TPUOIMKEHHOTO OINPeIeTICHHS SITI0P
OTPA>KEHHOTO JIaBJICHUS IIPU B3PBIBE B MPSAMOYTOJIbHOM ITOMEILICHHUH:

- €CJIK 3aps[ pacnojiara€tcd Ha OCHU CUMMETPHUU NMOMCEHICHUA U Ha CCPEAUHC €r0 BbLICOTHI, TO SIIOPLI
OTPA’XCHHOI'O0 MOaBJICHUA Ha CTCHKH, IOJ KU IOKPBITUEC CHadajla OIPCACIAIOTCA, KaK IIPU B3PLIBE B
OTKPBITOM TPOCTPAHCTBE, TOCIE HYEro PaCTITUBAIOTCS MO0 BPEMEHHM TaKUM O0pa3oM, YTOOBI WMITYJIC
AAaBJICHUA YBCIIMYUIICA B k pas;

- C€CJIM 3apsa] pacCIlOJIOKEH Ha OCH CUMMETpPHUH, HO OmKe K mojry, ToO npu OHNpEACICHUN OTPAKCHHOI'O
JABJICHUS Ha MOKPBITHE KO GHUIINEHT k TOIKEH YBEIMINBATHCA HE MEHEE YEM BIIBOC;

- €CIIM 3apsIl pacrojaraercs OJmKe K OJHON M3 CTEH, TO MPH OMPEICIICHUH DITIOPHI JaBeHUS Ha 0oJjee
yIaleHHYIO cTeHYy K03 duiueHT k yBennunBaeTca He MEHee YeM B JIBa pasa.

HpI/I peanirnsann BBIUMCJICHUH B nmporpaMme €CJii mar UHTCrpupoBaHusd OouIblIIe JJINTCIIBbHOCTU
Harpy3kd T, TO Ha wmare JeictBus BB npuHuMaercs cpengHee naBiieHHE, ONpenesieMoe M3
yCIIOBUS paBeHCTBa UMITYJIbcoB. O0bEM monocTu aevictBus BB onpezensercs ka npousBeaeHue
rabapuTHBIX pa3MEPOB MOBEPXHOCTU BO3eicTBUs BB.

Bxoonvie oannwvie:
[Ipu HETTOCPECTBEHHOM OTMCAHUU IS KaXKIOTO HJIEMEHTA 3aJaf0TCs CIEAYIONUE TaHHbIC:

1. Howmep y3na i, B koTopoM pa3zmeraercs 3apsia BB.
2. D¢ dexruBHas Mmacca Q..
3. Bpewms nauvana neictus .

3anuch C ONMCAaHMEM IApaMETPOB  DJIEMEHTAa JIOJDKHA OBITh  PacIoyIOKEHa
HEIOCPEACTBEHHO II€pe] 3allUChI0 C OIMCAaHMEM IIOBEPXHOCTEH JaBIEHUS, HAa KOTOpBIE
JIEUCTBYET omuchiBaeMblil 3apsa BB. I[lpu 3TOM B 3amucu ¢ ONMHMCaHUEM JABJIEHUM, €CIIM HET
Apyrux (aKkToOpoB, BBI3BIBAIOIIMX JIABJIEHHWE Ha OIMUCBHIBAEMYIO IIOBEPXHOCTb, BEJIUYMHBI
JIABJICHUH 3a/1at0TCSI PABHBIMU HYJIIO.

B nporpamme wumeeTcs BO3MOXHOCTb KOHTPOJS  PACHpPElENICHUs — CIEAYOLIUX
rapaMmeTpoB Bo3jericTBusa BB:
® [pUBEIEHHOro paccrosiHue R (Bbipaxenue 4.1.12.1);
e U30BITOYHOTO AaBieHHs Ha PppoHTe maxaromield BomHbl A Py (Bbipaxenue 4.1.12.3);.
® [IPOAOIDKUTEIBHOCTH JeHCTBUS HArpy3ku T (BolpaxkeHue 4.1.12.9);



4.2. TennoBble Harpy3ku

B nanHOM paznene onucaHbl BUJIbl HArPY30K, 33/1aBa€Mble IIPU PELLEHUH 33]1a4 IIepeHoca
Teria.

3aoannvie memnepamypvl 6 y3nax OINUCHIBAIOTCS HOMEpPAMHU Y3JI0B U 3HAYEHUSMU
temriepatyp (I'pax C°). Ha cxeme 0603Ha4arOTCsl OKPYKHOCTSIMU KpacHoro 1Beta (Puc.4.1.16).

Hcmounuku menna 6 y31ax OIUCHIBAIOTCS HOMEpPaMU Y3JI0B U 3HAYCHUSAMH Teria /i,
MOJIBOAMMOIO K MOJIETH B y3Je B equHuIly Bpemenu (/x/c). Ha cxeme o003HauaroTCs Kpyramu
KpacHoro 1gera (puc. 4.2.1a).

Koneexkmuenwlii mennooomen 6 y3ne OINUCHIBACTCA HOMEPOM Yy3Jla U 3HAUYCHUEM
NPUBEICHHOTO K03 (uIrenTa TemioooMena /iy« , paBHOTO KOJMYECTBY TEIIA, TOABOJUMOTO K
MOJIEJIH B y3Ji€ B €JMHUILY BpEMEHU IIPH Pa3HOCTU TEMIIEPATYphI Tella B y3Jie U BHEIIHEH CpeIbl
B | rpanyc ([lx/c*rpan). [Ipu onpenenenuu /.« mojaraercs, 4To ¢ y3JIOM CBsI3aHA IUIOMIA/IKA
IUIOMIA/IBIO Sy , HA KOTOPOM mpoucxoaut termaooomeH. Ilpu stom komuuectBo temna Us ,
OTBOJUMOTO OT y371a B euHUIly BpeMeHH ([[k/c), Oyaer ompenensaTbes BRIpaKEHUEM

Usk :hpr (T - Ts),

rae 1 - Temmeparypa Tena B y3iie, T - TemnepaTypa OKpykarouien cpensl B y3ne. [lpu
T < T remno OyAeT MOABOJUTHCS K TEIy.

Ha cxeme naHHoe ycioBHE 0003HAUYAIOTCS MEPEKPELIUBAIOLIMMUCS B y3J€ JIMHUAMU
KpacHoro 1Bera (puc. 4.2.16).

Paouayuonnviii mennoodmen 6 y3ie  ONHUCHIBACTCS HOMEPOM Yy3Jla U 3HAUECHUEM
MPUBEICHHOTO KO3 UIMEHTAa U3NIyuyeHUus: /M, , PAaBHOTO MPOU3BEIACHHUIO CTEIIEHU YEPHOTHI
CEporo Tejga & U CBA3AHHOW C y3JIOM IUIOLIAAM M3IY4YEHHS Spr (HApUMeEp IUIOIIAAb TOpLa

CTEpPIXKHS, M3ITYYAIOIIEero TeIUIO U T..)  hpr = & Spr . Ilpu 3TOM KOnmuecTBO Teria Uy ,
U3ITy4aeMoro y3JoM B equHuIly Bpemenu (/x/c), Oyner onpeaensiThCsl BhIpaXKEHHEM
Ug)( = hpr O-T4,

rze o — nocrosinHas bonbTiiMana.

Ha cxeme o00o03HauaroTCsi OTpe3KaMu MPSAMBIX KpPacHOIO I[BETA, PACHOJI0KEHHBIMU
TOPU3OHTAIILHO CBEPXY U CHU3Y OT y37a (puc. 4.2.18).

Jluneitnvie ucmouynuku menna ONVCHIBAIOTCS HOMEpAaMH Y3JI0B { M j , 00pa3yrouux
JIMHUIO, IO KOTOPOH MPOUCXOAMUT TEII000MEH, U MPUBEACHHBIMU 3HAYEHUSIMH KO3 PHUIIEHTOB
UHTEHCUBHOCTH TEIJIOBBIJICNIEHUS h; , W h; , TPEICTABISAIOMIMX COOOM KOJIMYECTBO TEIUIa,
MOJIy4aeMOr0 TEJIOM, MPUXOJAIIETocs B €AMHUILY BpEMEHU Ha equHuLy JuinHbl ([x/c*m). [lpu
3TOM Hojaraercs, 4ro KOo3(QQHUIMEHT HHTEHCUBHOCTH TEIJIOBBIIENEHUS MO JUIMHE 3JIEMEHTa
MEHSIeTCS IMHEHHO OT ;K A

Ha cxeme 0003HayaroTCst TMHUAMHU KPacHOTO L[BETa ¢ Kpyrom nocepenuue (puc. 4.2.12).

Koneekmuenwlii mennooomen no nunuu. OINUCHIBA€TCI HOMEpaMM Y3JIOB i W j ,
0o0pa3ylolMX JIMHUIO TerlooOMeHa, W  3HAYEHUSIMHM IPHUBEICHHBIX  KOX(PQPHUIMEHTOB
TeruiooOMeHa /i, W hij ., paBHBIX KOJMYECTBY MOJBOAMMOIO K MOJENHU TEIUIa B €IUHUILY
BpPEMEHU Ha €IMHUIIEC JUIMHBI, MpPHU PA3HOCTHU TEMIIEpaTyphl Tella U BHEIIHEH cpelsl B y3ie B 1
rpanyc (bx/m*c*rpam). B mo0oit Touke 3IeMEHTaA Uz - KOTUYECTBO TETUIA Ha €UHUILY JITTHHBI,
MI0JIy4aeMOro (0T1aBa€MOI0) IJIEMEHTOM, ONPEIENSIETCS BEIPAKEHUEM

uw =hu (T - Ts) .

I[Ipu T > Toc Temno otBOAMTHCA OT Tena M HaoOopoT. Ilpu 3Tom momaraercs, YTO
K03 uUIMEeHT TeriooOMeHa /Ay 1O IJIMHE dJIEMEHTa MEHseTCs JMHEeWHo oT Ay, K hy . Ha
CXeMe DJIEMEHTHI IaHHOTO TUMa 0003HAYAIOTCS KPACHBIMH JIMHUSMH C MEPEKPEIIUBAIOIIMMHUCS
oTpe3kamu 1o cepeaune (puc. 4.2.10).



Paouayuonnwviit mennoodmen no nunuu. OnucbIBacTCs HOMEpAMU Y3JI0B I U j
00pa3yoIuX JIMHUIO TEII000OMEHa, U 3HaYCHHUSIMH MPUBEACHHBIX KOAG(OUIUEHTOB H3IyYCHHUS
hsi , W h; . B mpocreiilem ciy4yae NpUBEACHHBIA KOI()OUIMEHT H3IIydyeHHs /.  paBeH
MIPOM3BE/ICHUIO CTENEHW 4YEPHOTHl CEeporo Tela & U IMepuMeTpa H3iIydeHus Ls; B
paccMaTpuBaeMOM IOMEPEYHOM CEUCHUH dieMeHTa /- = £Lg . B 10001 TOUKe d1eMeHTa U, -
KOJIMYECTBO TeIUla Ha enuHuny JumHbl ([Dk/c*M), oTmaBaemMoro sieMeHTOM, OmpeaessieTcs
BBIPAKEHUEM

uy =h o T’

[Tpu 5TOM monaraercsi, 4to /- 1O JJIMHE dJIEeMEHTa MEHSETCS IMHEHHO OT /i K hyj.

Ha cxeme sieMeHTBI MAaHHOTO THIAa O0O3HAYAIOTCS KPACHBIMU JIMHUSMH, CEepelnHa
KOTOpPBIX OTMEYEHa PACIOJIOKEHHBIMH TOPU30HTAIBHO CBEPXY M CHHU3Y OTPE3KaMM MPSMBIX
(puc. 4.2.1e).

Ilosepxnocmuvle ucmounuxku menaa. IlpenctaBisioT coOoi  UYETHIPEXYTrOIbHBIC
2JIEMEHThl TOBEPXHOCTEH, KOTOpbIE, TaKXe KaK W IUIAaCTUHBI, MOTYT BBIPOXAATbCS B
TpeyroyibHble. ONKUCHIBAIOTCA HOMEpaMU OrpaHUYMBAOIIMX Y310B I, j, kK wu I , m
COOTBETCTBYIOIIUMHU 3TUM Yy3J1aM KOX(P(UIMEHTAMH TCTUIOBBIICIHCHUS Ay , hy , hse W hg,
MPEJICTABISIONIMME COOOM KOJIMYECTBO TEIJIa, BBIACISIEMOrO Ha EIUHUIE MOBEPXHOCTH B
enunuity Bpemenu (Jx/c*m?). Tlpu 3ToM K03()(QULHMEHT TEIIOBbIIEICH)S H3MEHIETCs TMHEHHO
BHYTpH DJIEMEHTA, IPUHUMAs B y3JIaX yKa3aHHbIC BbIlIe 3HaUeHUS. Ha cxeme 3J1eMEeHTHI JaHHOTO
TUNa 0003HAYAIOTCS KPACHBIMH YETHIPEXYTOJILHUKAMU (TPEYroJIbHUKaMH) KPAacHOTO LBETa C
Kpyrom nocepenune (puc. 4.2.1o1c).

Ilogepxnocmu KOHEEKMUEHO20 men1000mMena - YEThIPEXYTOJIbHBIE  3JIEMEHTHI
MOBEPXHOCTEH, KOTOpbIe, MPU HEOOXOAUMOCTH, MOTYT BBIPOXKAATHCI B TPEYrOJbHBIE.
OnuceiBalOTCS HOMEpaMH OrpaHUYMBAOIIMX y3JI0B i, j, kK W [ , U1 COOTBETCTBYIOIIUMU
3TUM y371aM KodpduiueHTaMu TeroooMeHa A , hyg , hse W hg, TPEACTaBIAIOMIUMU COOOM
KOJIMYECTBO TeIlIa, BBIAENSEMOro (Cpeloil WM TeJOM) Ha €AMHMIIE MOBEPXHOCTU B €AMHUILY
BpEMEHH TIPH Pa3HOCTH TeMIEpaTyphl Tejla M BHEIIHeH cpefpl B y3ne B 1 rpaxyc (Jx/c*m?). ITpu
3TOM KO3(Q(ULHEHT TEIJIOBBIJECIECHUS U3MEHSAETCS JIMHEWHO BHYTPU JJIEMEHTA, NMpUHUMAs B
y3Jlax yKa3zaHHblE 3HaueHUs. B 1r000i1 Touke »eMeHTa Uz - KOJMYECTBO TEIUla Ha €AMHUILY
MTOBEPXHOCTH, MOJTy4aeMoro (0TJaBaeMOro) 3JI€MEHTOM, ONPEIEINETCs BEIpaKEHHEM

Usk :hsr(T - Ts) .

I[lpu T > T; Temwno OTBOAMTHCS OT Tena W Haobopor. Ilpu sTom kKOdDPUITMEHT
TEII000MeHa /g U3MEHSIETCS] IMHEIHO BHYTPH 3JI€MEHTa, IPUHUMAs B y3JlaX yKa3aHHBIE BBIILE
3HaueHus. Ha cxeme sneMeHTHl 0003HAYaAOTCS YETBIPEXYTOJbHUKAMH (TPEyroJIbHUKAMHU )
KpPaCHOTO IIBETa C MEpPEeKPEIIMBAIOIIUMHUCS OTpe3kaMu mocepenune (puc. 4.2.13).

Ilogepxnocmu paouayuonno20 mennooomena. [IpencraBastor coboit
YeTBIPEXYTOJIbHBIE 3JIEMEHTBl NMOBEPXHOCTEH, KOTOPbIE MOTYT BBIPOXKAATHCA B TPEYrOJbHBIE.
OnuceiBalOTCSI HOMEpaMHu OIpaHUYMBANOLIMX y3JI0B i, j, kK W [ , 1 COOTBETCTBYIOIIUMU
3TUM Yy37aM Ko3(pPUIeHTaMu U3NydeHust ¢i, ¢j, ¢k W ¢, . B n000il Touke 3neMeHTa u, -
KOIMYECTBO TeIjia Ha eIMHMIy moBepxHocTH (JIx/c*M?), oTmaBaeMoro JJIEMEHTOM,
OTIpe/IeIIIeTCS BRIPAXKEHUEM

ur =c oT?

[Ipu sToM KO3(DPUUHMEHT H3TyYyeHUS ¢ HM3MEHSAETCS BHYTPU DJIEMEHTa JIMHEWHO,
IpUHUMas B Yy3JlaX YyKa3aHHbIE BbIIIE 3HAYeHHA. B mpocreifem ciydae yKa3aHHBIE
K03 (ULIMEHTHI paBHBI CTEIIEHN YEPHOTHI ceporo Tena & Ha cxeme anmeMeHThl 0003HAYaIOTCS
KPacCHBIMH  YETBHIPEXYTOJNbHUKAMH  (TPEyrojbHHKAMH),  IIEHTP  KOTOPHIX  OTMEYEH
PacIioyioKeHHBIMU TOPU30HTAIBHO CBEPXY U CHU3Y OTpe3KaMu NpsMbIX (puc. 4.2.13).



Puc. 4.2.1. OToGpaxxeHne TennoBbIX Harpy3ok:

a — UCTOYHUKM Tenna B y3nax,

6 — KOHBEKTUBHbIV TENNOOOMEH B y3nax;

8 — paanaumnoHHbIA TennoobMeH B y3nax,

2 — NMHEeHbIe UCTOYHWKM Tenna,

0 — KOHBEKTUBHbIN TENNOOOMEH NO NUHUYK;

€ — paguaunoHHbI TENNTO0OOMEH MO NNHWK;

JK— MOBEPXHOCTHbIE UCTOYHUKM Tenna,

3 — NOBEPXHOCTU KOHBEKTUBHOIO TENSI00OMEHS;
U — NOBEPXHOCTN pagnaunoHHOro Tennoobmena.

Temnepamypor  oKkpyscaouieit  cpeobl, HeoOxXonuMble sl pacuéra IOTOKOB
KOHBEKTHBHOTO TEIUIOOOMEHa, 3aJaroTcs AByMs criocobamu. [IpW MCHONB30BaHUU  TEPBOTO
criocoba Temmepatypa cpensl Is B II000H TOUKe ONpeneseTcs BRIpaKeHnEeM

Ty = Tos + Txs* X+ Ty* Y+ Tx* 7 ,

rne Tos, Txs, Tys u Tz - k09pPUIHEHTHI, 3a1aBaeMble B UCXOIHBIX JaHHBIX.

OrtoT cnocold obecreynBaeT BO3MOXHOCTh 3a/laHUsl TEMIEpATyp OKpYXarollel cpeasbl,
M3MEHSIOIINXCS TI0 TUHEHHOMY 3aKOHY BO BCEl paccMaTpuBaeMoil o0iactu. YacTHBIM clydyaem
(mpu  Txs=Ty~T17~0) sABIsSIETCSI MOCTOSIHHAS 00JIACTU TeMIIepaTypa, paBHas 1y .

Jliis Goyiee CIOXKHBIX CIy4aeB I€Ieco00pa3HO HCIOIb30BaTh BTOPOM crocol - 3amaHue
KOHKPETHBIX 3HaYeHUI T B y3/1ax.

Bo3moxHO, Takke, HCIOJIb30BaHHE KOMOWHAIIMM PACCMOTPEHHBIX CIOCO0O0B, KOrja
KOHKpETHBIE 3HAUEHUS 33/1al0TCS TOJIBKO JUISl YaCTH Y3JI0B, @ B OCTAJbHBIX y3JIaxX TEMIEPATyphl
3a/1al0TCA TPEIBAPUTEIHLHO TEPBBIM CIOCOO0OM. 31ech 00s3aTENbHBIM YCIOBUEM SIBIISIETCS
MOPSAJOK 3aJjaHMsl TaHHBIX: JaHHbIE, 33/1aBa€Mbl€ TIEPBBIM CIIOCOOOM JOJKHBI MPEIIeCTBOBATh
JAHHBIM , 33/1aBA€MbIM BTOPBIM CITOCOOOM.

JlaHHbIE TIO TeMIlepaTypaM OKpY’Karolled Cpebl TOJKHBI MPEAIIECTBOBATh JaHHBIM 110
KOHBEKTHUBHOMY TEIJIOOOMEHY.



[Ipy OTCYTCTBMM J[JaHHBIX [0 TeMIIEpaTypaM OKpYy)Kalollel cpeapl B pacyérax
NPUHUMAIOTCS HyJIEBbIC 3HaYCHUS 7.

Hauanvuvie memnepamypol, JIOCTaTOYHO YacTO HeoOXOoAuMbIe I pacdéra
HECTAIlMOHAPHBIX MPOLIECCOB, 33/JAI0TCA TaKXKe, KaK W TEMIIEpaTypbl OKpYXalomel Cpemsl.
Bo3moxxHO 3amanue KO3()PHUIMEHTOB  BhIpaKEHHUS s (DYHKIUH, HM3MEHSIOLICHCS 10
JMHEHHOMY 3aKOHY, KOHKPETHBIE 3HaUCHHs B y3J1aX, WM KOMOMHAIMEH 3THX IBYX CIIOCOOOB.

Jiis BceX pacCMOTPEHHBIX BBIIIE TETUIOBBIX HArpy30K BO3MOXHO 33JaHUE WX U3MEHEHUS
BO BpeMeHM myréM 3amaHus Kodddummenra, sBisromerocss  QyHKOuMeil  BpeMeHH.
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4.3. CBoMCTBa cpen Npu onpeaeneHnn Harpy3ok

IIpn ompeneneHuM HEKOTOPBIX PACCMOTPEHHBIX BBIIIE HAarpy30K Ha CTEPKHU U
MOBEPXHOCTU  HEO00XOIUMO onucaTb CBOMCTBA Cpel. YKa3aHHbIE OJJIEMEHTbl MOTYT
B3aMMO/JICHCTBOBATH C BO3AYIIHON U BOJHOM CPENOA.

[Ipu onucanuu BO3AYNIHOW U BOJHOW cpel HEOOXOAMMO MPUIEPKUBATHCS CIETYIOLINX
npaBuiI BEIOOPA TI00aTEHON CHCTEMBI KOOPIUHAT:

- ocb OZ HOpMaJIbHA K IOBEPXHOCTH BOJIbI;

- CWa TSKECTH, ONpejessseMas Kak Harpys3ka, pacupelenéHHas 0 Macce, paBHa
YCKOPEHHIO CUJIbI TSPKECTH U HallpaBJI€Ha B IPOTUBOIIOIOKHO K ocu OZ.

/Jlna eempa 3anatotcs npoekiuu ckopoct Betpa Haocu I'CK -V, , V, u V. .llpu
3TOM, €CJIM 3aIlMCU C MPOEKUMAMHU CKOPOCTEH MPEAIIECTBYET 3allUCh, ONUCHIBAIOLIAsl CBOMCTBA
Kakoro Jm0o ras3a, TO 3TH CBOICTBa NMPHUHUMAIOTCS B KadecTBE CBOMCTB cpensl. Ecnu Takas
3aMKCh OTCYTCTBYET, TO MO0 YMOJIYAHUIO IPUHUMAIOTCS CBOKWCTBA aTMOC(EpPHOT0 BO3AyXa.

Jlnst onucanusi OmKpulmou 600HOU NOBEPXHOCHU

Peanu3zoBanbl 1Ba criocoba 3aaHus BOJHBI TUCKPETHBIN (C KOHKPETHBIMU ITapaMeTPaMHU)
W CcHeKTpaibHbId. Jlyig ompeneneHuss NapamMeTpoB ABUKEHUS KUAKOCTH HCIIOIb30BAHbI
u3BecTHbIE / 33 -35/ BEIpaKeHUs!, ONUCHIBAIOIINE XaPAKTEPUCTUKU PETYISPHOTO BOJTHEHHUS.

CMmenieHre TMOBEPXHOCTH OTHOCUTENBHO HYJIEBOM OTMETKH (Z — KOOPAMHATHI
MOBEPXHOCTH) JIJIS INIOCKOM BOJIHBI MaJIOM aMILTUTY/bl ONPEEIISETCS BbIPAXKEHUEM

H_ .
h_.""(x,y, r) = —_}“’ cos(kX cos@,, + kY sing,, — ox)
4 , rae
H,, — BBICOTa BOJIHBI;
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k= 1 -BOJIHOBOC 4YHCIJIO,

A - nMHA BOJHEL,

X, Y, Z — xoopnunatsl Touku B ['CK;

P, - yroa Mexay ocbto OX 1 HanpaBJIEHUEM JIBUKEHUS BOJIHBI;

@ = gkth(kH ,,) _ xpyrosas yacrora;

Boipakenue g naBieHUs B IMPOU3BOJIBHOM TOYKE MPOCTPAHCTBA, 3aMIOJIHEHHOTO
KHUAKOCTBIO, UMEET BUJL

o, ’,z,r)=;g(“;{“j{;‘2‘:f°D:(x,y,m(zo—Z) |

a npoekuu ckopoctu xkuakocty Ha ocu I'CK onpenensitoTes cneayromum oopazom

v = &’C}l{ki&;)_z ) (x.p.t)cosp,

V;F _ a}ﬁ'h(k(z +H1-;_Z|:l ))
: shikH,, )

V;F _ &}Sh(k(z +H 2, D
sh{kH,, )

rae Zo - Z — KOOpAMHATA IOBEPXHOCTH.
KpomMe nauckpeTHON BOJIHBI MOJEIMPOBAHUE B3BOJHOBAHHOW ITOBEPXHOCTH MOPS
BO3MOYKHO C HCIIOJIb30BaHUEM CYIIEPIIO3UIMU TapMOHMYECKUX BOJH, aMIUIUTYABl U YacCTOTHI

¢lx.y.t)sing,

£(x.1)
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KOTOPBLIX JICKAT B 3aITaHHOM CIICKTPC. B sTom CJIy4dac BbIPpAXCHUC IJId OTKIIOHCHHS IMOBCPXHOCTHU

OT HYJICBOT'O ypOBlgﬁngeeT BUJ

;"(x,y,r]: Z Z :" cos( kK, X cos(rp“_ + 8J.)+ kY sin (tp“_ + ﬁj)— Wt +8;)
=1 =1 = , TJC
Hy =2,25(0,.6, 80,88, _picora TapMOHHKH C UHJICKCOM Jj
@; - Kpyrosas 4acCTOTa {j—i TapMOHHUKHU;
o, - YrOJ1 HAIIPaBJICHUs DJEMEHTAapHOW BOJHBI, PABHOMEPHO pACIPEACIEHHBIN B
HHTEpBaje
[-7/2, m/2];

£y - cyuaiinas (asa jj—if rapMOHHKH OpPHEHTHPOBAHHOM 1m0 yriaoM &, Kk ocHOBHOMY
HaIIPaBJICHUIO PaclpOCTpaHEHMsI BOJIHBI, PABHOMEPHO pacipeneinéHHas B uurepsaie [0 ,-27];

A@; - gacToTHBII MHTEpBaNm CIEKTpa ‘Cﬂ; —Aw/ 2,.0, +AC’%’{ 2 ,
aMIUTUTYAY ij—i TapMOHHKH;

ONPEACIISIONIMNIA

A, HWHTEPBAJ I'paJlaliiil yriia HalpaBJIEHUs pACIIPOCTPAHEHUS JIEMEHTAPHBIX BOJIH Ij—
W TapMOHUKH;

N - 4HCIIO UHTEPBAIOB Pa30HEHHUs CIIEKTpa S(a)l,H]) , JOJbKHO ObITH He MeHee 100;

M - uucno unTEpBaNoB pa3duenus &, TOKHO OBITH He MeHee 12.

[lonaraercsi, 4TO IBYMEpHBIN CIIEKTP MOXHO MPEACTABUThH B BUJIE S(w.6)=5(w)F (9).,
rjae

S (60) - CIIEKTP, 331aHHBII B TAOMMYHOM (pOpMe MM CTaHIapTHBIH;

F(g)= 2 cos® )

i , UJIM TaOIMYHO 3a/1aHHas (QYHKIHUS.

3a/1ar0TCs Cle1yIOLIME TapaMeTpbl BOJHOM MOBEPXHOCTH:

1. Zy ypoBeHb IOBEPXHOCTb, ONpeneisieMblii o ocu OZ , m

2. Hy rnybuna, m

2. Pa3mepbl M  TOJOXKEHUE TOBEPXHOCTH B IUIockocTH  XOY , ompexaenseMble
KOOpJIUHATAMH KpalfHUX TOUEK OTOOPaKAeMOTro MPSAMOYTONbHUKA, M Yiin, ,  Yimax ,  Ymin, Ymax-;

3. Ilpoexkuuu ckopoctu Teuenus Ha ocu I'CK, m/c: Vi, V), Ha NmoBEepXHOCTH U Ha
rnyoune Ho;

4. [TapameTpbl BOJTHEHHUS.

Jl1g Bcex TUIIOB BOJIH 33Jal0TCS

- MPOEKIMH HampaBiieHus ckopocTu BoiHbI Ha ocu I'CK, mpu 3ToM mo ymosyaHuio
roJlaraercs, 4ro BoJjiHa aBwkercsa no OX;

- BRICOTa BOJHEI H, M,

- TUN BOJIHBI (Tu1ockast 2D unu npocTtpaHcTBeHHas 3D).

Hns cnextpa gonoiaHuTenbHO 3aaércs tun cnekrtpa (JONSWAP, Ilupcona-MockoBuia,
WM TaOJUYHBIN).

Jns crangaptHbix ciekTpoB (JONSWAP u [Iupcona-MockoBuiia) noj BbICOTONH BOJIHBI
MIOHMMAETCS BBICOTA MAKCUMyMa U JOTIOJIHUTEIBHO 33Jal0TCH:

-cpenHsist yactota Wep;

-4yacToTa Makcumyma Wmax.

Hns cnektpa JONSWAP nononmuutensHo 3amaércst Sj/Spm - COOTHOIIEHHE MAaKCUMYMOB
cnektpoB JONSWAP u I[Tupcona-Mockosuiia .

Jns TabnyuyHO 3a/laHHOTO CIEeKTpa 3afaércs Tabivla 4acTOT U aMIUIMTYH, B KOTOPOM
CTPOKH PACIIOJIOKEHBI B TIOPSAKE BO3PACTAHUSA YaCTOT.

[Tpu BBeneHUU B HAOOp JAHHBIX 3aMUCH CO CBOMCTBaAMH MOBEPXHOCTH aBTOMATUYECKU
BBOJAUTCS CHJla TSDKECTH, 3ajaBacMas Kak Harpy3ka, paclnpeieinéHHas II0  Macce
nHTeHCUBHOCThIO 9.81 H/Kr, u HampaBieHHas B NMPOTHUBOIOJIOKHO K ocu (OZ HampaBiIeHHH.



26

IIpu 5TOM, €ciuM 3amUCH C ONUCAaHUSAMM CBOMCTB IIOBEPXHOCTH >KMIKOCTH IIPEALIECTBYET
3allUCh, OIUCHIBAIOIIAS MEXaHUUYECKHE CBOWCTBA KakKoH JMOO >KHMIKOCTH, TO 3TH CBOMCTBa
IIPUHUMAIOTCS B KA4ECTBE CBOMCTB cpefpl. [10 yMOI4aHuIo MIPUHUMAIOTCS CBOMCTBA BOJBI.

OTn  3anMcH  JOJDKHBI  IIPEIIECTBOBAaTh  3alUCSIM O  CBOMCTBAX  DJIEMEHTOB,
B3aUMOJICUCTBYIOIIUX C OIIMCHIBAEMBIMH CPEIAMH.
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4.4. 3apaHue 3aBUCUMOCTEN Harpy3oK OT BpeMeHU UM napameTpoB
OBWXEeHNA

B o01em ciiydae BHELTHUE HArpy3KH, TEIJIOBbIE BO3JCHCTBUS U MMapaMeTpbl HEOOXOAUMO
MPEJICTaBUTh B BHJE (QYHKIMH OT BPEMEHH WJIM IMapamMeTpoB IBMXKEHHUS. B mporpamme 310
peain30BaHO CIENYIOMKUM crocoOoM. BenuuuHbl BceX HArpy3oK HPEICTaBISIIOTCS B BHIE
MIPOM3BE/ICHUS 33/JAHHON BEJIMYMHBI HArPy3KH Ha KO GUIIMEHT Harpy3ku Ky

F=F,Kr ,

rae F— Tekyias BelM4uHa HAarpy3Ku, Fo — 3aJaHHOE 3HAYEHUE HArPYy3KHU.

[To ymomuanuto Kz..= 1, T.e., €cllu HUKaKUX JTaHHBIX 0 KodduimeHTe B Habope JaHHbBIX
HET, TO BEJIWYMHBI HATPYy30K B TEKYLIMA MOMEHT COOTBETCTBYIOT 3aJaHHbIM. [lns 3amaHus
3aBUCUMOCTH Harpy30K OT BPEMEHH, WJIK NapaMETPOB JIBHXKECHHS MIEpPE] 3aMHUCIMU C TaHHBIMU O
Harpy3Kkax cleayeT BBECTH 3allMCh, OINPEACISIONIYI0 3HaueHue koddduimenta Ky B BUIC
(GYHKIIUM OT BpEeMEHHM WM TapaMeTpoB ABMKeHUsA. [Ipu 3TOM BeIUUCIEHHas BenuuuHa Ky
Oyzmer neicTBUTENbHA IS BCEX HArpy30K, OMUCAHHWE KOTOPBIX PACIOJIOXKEHO B CIEAYIOIIUX
3aMucsx J10 CIeAYIolel 3amucH ¢ onucanueM kosddunuenta Ky
OYHKIMSA, ONIPEACISAIONIas BEIMUNHY, ONMCHIBACTCS CIAEAYIOIIUMH aTpuOyTamu:

1. Tun u mapamerpsl apryMeHTa. B kauecTBe apryMeHTa X MOXET BbICTynaTb Bpems [

nepememenne O, , wm ckopocts O B 3aaHHOM y3IIe€.

Ecan B kadecTBe aprymeHTa ykKa3aHO BpeMs, TO NapaMeTpaMHu apryMEHTa SIBJISIOTCS
MHTEPBAJI CYyIIECTBOBAHUS 10 aPTyMEHTY U MEePHO/ () YHKIIHH.

WNHtepBan cyiiecTBOBaHUs 110 ApPryMEHTY ONPEAEseTCs 3HAUCHUAMU Xpin U Xonax -
Ecnu 3amano 3naueHue Xpin OTIMYHOE OT HYJS, TO cuuTaercs, uto nmpu X < X Kp = 1.
AHaNOrU4HO, Npu 3a1aHHOM Xpax > Xmin 1 X > Xpax 1 Kp = 1. Ecmu Xnax <= Xoin, TO
CUMTAETCS, YTO BEPXHEE OTPAHUYCHUE CYIIECTBOBAHUS (PYHKIIMH 110 APTYMEHTY OTCYTCTBYET.

Ilepuon dynkuuu 7 . Ecnu3agan 7 >0, To apryMeHT QYHKIHM X ONpeaenseTcs Kak

x=t-nT , tme n=1,2,3,....—1enasyacts ot t/T .

Ecnu B KauecTBe apryMeHTa ykasausl nepememenue O , umu ckopocts Oy B y3ie ,
TO IapaMeTpaMH apryMeHTa SIBJISIOTCS HOMEp y3J1a [ U HalpaBJIeHUE MepeMeleHus m . 371eCh
MO>KHO YKa3aTh II€pEMEILIECHNs B HAlIPaBJIEHUHU ocel TiolanbHol cuctemsl koopauHat OX, OY,
OZ, a Takxe yribl TOBOPOTAa OTHOCUTENBHO YKa3aHHbIX oceld. Cnenyer, Takke, UMETh B BU]LY,
YTO €CJIU B KaueCTBE y3Jia BEIOpaH y3eJ MoToKa paboyero Teja TUAPOIPUBO/IA, TO EpEeMEIIEHUE
1o ocu OX B TaKOM Y3Ji€ COOTBETCTBYET O0BEMY KHUAKOCTH, MPOIIEIIEMY Yepe3 y3el, 0 0CIM
OY wu OZ — naBlieHHIO )XKUJIKOCTH B Y3JIe Ha BXOJI€ U BbIX0Jie cooTBeTCTBeHHO (I1a).
2. Tun u mapametpsl pyHkmuu. Bo3MokHO 3a1aHne TPEX TUMOB (HYHKIUU -.CHHYCOUAbHAS,
MOJIMHOM BTOPOTO TOPSAJIKA U TaOJIHIIa.

CunycounanbHas QyHKINS UMEET BU]I

K, zﬁsin(wx +B]+C’

A, B u C -3agaBaemblie mapaMeTphbl.

[TonrHOM 3anuckIBaeTCs B BUJIE

K,=A+Bx+Cx’

2

A, B u C -3amaBaemble TapaMeTpHI.

Tabnuunas (yHKUIMA 3amaéTcs B BUAE MOCIEIOBATENILHOCTH IMap YHCET apryMEHT-
GbyHKIMS B TIOPSAJKE BO3pacTaHUsl apryMmeHTta. [Ipm 3ToMm B TabGnuie HE TOJDKHO OBITh CTPOK C
OJIMHAKOBBIMU 3HAYEHUSIMU apryMEHTA.

Crnenyer, Takke, UMETh B BHJY, YTO €CIi B HabOpe JAHHBIX PACIOJIOKEHBI TOPST
HECKOJIbKO 3amuceil ¢ onmrcanueM QyHKIUN KodphUIMeHTa Harpy30K, TO TeKyllee 3HaueHue K.
OTIpeIeIIAETCSl KaK MPOU3BEeHNE 3HAYCHUN (DYHKIIMH, BBIYMCICHHOE IS TeKYIIUX 3HAYCHUI
apryMeHTa BCEX CIEAYIOLINX IMOAPS 3alUCEH, T.€.
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N
_ (i)
K, =][X;
i=1 ,
K(i) o .
rae & ;7 - ko3 PUIHeHT, BBIYUCICHHBIN IS 3aIUCH [
[ - IOPSJIKOBBIM HOMED 3aIlMCH B TPYIIIIE,
N - 4ucio 3anuceil ¢ ONMCaHUueM MHOXKUTEJIEH B TpyIIIE.
B xauectBe mpumepoB Ha puc.4.4.1 npeacraBneHsl rpaguku GyHKIUKU KodhdUIIIEHTA
Harpy30K OT BPEMEHH ISl CIIydasi IByX PACIOJIOKEHHBIX MOAPST 3aIMCEH, U3 KOTOPBIX B MIEPBOH

K, =sin (10 x) N
3alucH 3ajJaHa (QyHKIU, a BO BTOpPOH 3allUCH 3aJaHbl CIEIYIOLIME TUMA U
napameTpsl (yHKIUA:

a)Kf = sin (10 x).

K . =sin(10x)
0) ¢ UHTEpBaJIOM cyuiecTBoBanus ot 0 10 1.6¢.
K. =1-015x
B) ; .
Taxum 00pa3oM, MAHUITYIUPYS HHTEPBAIIAMH CYIIECTBOBAHUS U IMapaMeTpaMu QyHKIUN
MOYKHO 3aJ1aBaTh NPAKTUYECKHU JIFOObIC 3aKOHBI H3MCHEHUS HATPY30K.

KOB(l)(l)I/IIII/ICHTI)I Harpy3oK HUCIIOJIB3YCTCA KaK AJId MEXaHNYCCKUX, TaK U IJIA TCIIJIOBBIX
Harpysok.

A n h
a) A 1y H 1 VI
VYT A R | \
A EEA AV Ty I \
V0TI AR |
oy RN EYAVARN IR IR W
\ ! I IR IRNIY;
YA | \ VI Yy
\ | v HFHERY
v Vi 7

¥ = QK - nepeuemeroee no oo OH = ysme 1, am
Ymin=-0,887324 Ymaw=0,E587351
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Y = (¥ - mepeuememnee no oox OH 2 y=me 2, uu
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1 VvV VT NI AT TN SN AN,
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T W O W7 A VS

| ) \ \ \l

WY

U o

Y = QH - mepruemeines o oot O = y=me 3, uu
Ymin=-0, 525425 Ymaw=0,573504

Puc. 4.4.1. Npumepbl 3aBUCUMOCTEN KO3 PULMEHTa Harpy3oK OT BpeMEHMU



5. KuHemaTuyeckue rpaHu4Hble yCrioBUA
5.1. KuHemaTtnyeckue ycnosusi B yanax

B y3nmax BO3MOXHO 3aJjaHKe IIapHUPHBIX U KECTKUX 3aKPEIUICHUN, 3aJaHHbIX 3HAUCHUHN
MEpEeMEIEHN M YIJIOB IOBOPOTAa OTHOCHTEIBHO KOOPIMHATHBIX OCEH B y3JlaX, a TaKxKe
3aJlaHHBIX CKOpOCTel u yckopeHuil. Bce rpaduueckue s1eMeHTH, OTOOpaxkarolue
KHUHEMaTHYeCKHE TPaHNYHBIC YCIOBUS, PUCYIOTCSI CHHUM IIBETOM.

/Kecmkoe 3akpennenue npennonaraeT paBeHCTBO HYNIO  BCEX IOCTYNATENIbHBIX U
YIJIOBBIX TEPEMEIIEHU MO BCEM HAIPaBICHHUSM TIJI00aJbHONH CHUCTEMBI KOOPIMHAT B y3Ji€ C
yKa3zaHHbIM HoMepoM. Ha rpaduyeckoii cxeme o003Ha4yaeTcs OKPYKHOCTBIO 3aKIIOUYECHHOU B
kBazpar (puc. 5.1.1a.).

ILllapnupnoe 3aKpennienue TIPEANONAaracT PaBEHCTBO HYIIO TOJBKO MOCTYMATEIbHBIX
MEepPEeMEIIEHUI 10 BCEM HAIlpaBJICHUSM TI00aIbHOW CHCTEMBI KOOPIUHAT B Y3JI€ C YKa3aHHBIM
Homepom. Ha rpaduyeckoii cxeme o603HauaeTcst OKpy>kHOCThIO (pHc. 5.1.16.).

3aoannoe nepemewjenue - TpennonaraeT, uYTO B Yy3Je C YKa3aHHBIM HOMEpPOM
nepeMelieHne B 3aJJaHHOM HalpaBlieHUU OyAeT UMEeTh ompenenéHHoe 3HaueHne. OmnuchiBaeTcs
HOMEpPOM Y3J1a, HallpaBJICHUEM M 3HaueHHeM mepemenienns. Ha cxeme 0003HaYaeTcsi CTPEIKOM,
HaMpaBJIEHHOW BJIOJb yKa3zaHHOU ocu (puc. 5.1.16.). HampaBienue ctpenku (MOI0XKUTEIHHOE
WIA OTPUIATEIBHOE) OMpEACIsIeTCs 3aJaHHBIM 3HaUueHueM nepemenienus. [Ipu 3amanum yrios
MOBOPOTA TOCEPEIUHE CTPEIKU BBIBOAUTCS OKPYXKHOCTD (puc. 5.1.12.). IIpu HyneBbIX 3HaUYEHUs
3aJJaHHBIX MEPEeMEIICHIH (3aKPEIUICHUIX) OKOJIO y3J1a BEIBOJATCS JIBa KBaJpara, MapajielbHbIe
HOPMaJbHOW K 3alpelICHHOMY IEPEMEIICHUI0 IIOCKOCTH UM CUMMETPUYHO PaCHOJIOKEHHBIC
oTHOCUTENbHO Yy3na (puc. 5.1.10.). Ilpu HyneBbIX 3HAUEHUSAX 3aJaHHBIX YIJIOB I[OBOPOTA
CUMMETPUYHO OTHOCUTENLHO y3J1a pacrojararTcs IBe OKpy:KHOCTH (puc. 5.1.1e.).

3aoannaa cxopocmo mpearnojaraeT, 4YTo y3eld ¢ YyKa3aHHBIM HOMEpPOM Ha
paccMaTpuBaEMOM TNPOMEXYTKE BpeMEHU OyJeT HepeMeliaThCcsl B 3aJJaHHOM HaNpaBIeHUU C
orpeneiéHHON CKOpocThi0. OmHChIBaeTCS ~ HOMEpPOM Yy3ia, HalpaBlieHHEM W 3HAa4eHHUEM
CKOPOCTH B M/C.

3aoannoe yckopenue npearnoiaraeT, 4Yro y3ed C yKa3aHHBIM HOMEpPOM Ha
paccMaTpUBaEMOM TPOMEXKYTKE BpeMEeHM OyleT NepeMelaThCcsi B 3aJlaHHOM HAIPaBICHUM C
onpeenEHHBIM YCKOPEHHEM B M/c2.

O06o03HaueHue 3a/1aHHBIX CKOPOCTEN U YCKOPEHMI Ha rpaduyecKoi cxemMe OTINYaeTCs OT
M300pakeHUs IEPEMEIICHU I TOJIBKO JUTMHON CTPENOK - B 1.5 1 2 pasza nauHHEe COOTBETCTBEHHO,
gyeM A1 nepemenienui (puc. 5.1.1oxkc.).

ITo ymosaHuIO BEIMYMHA 3a1aHHBIX [IEPEMELIEHUM, CKOPOCTEN U YCKOPEHUN CUUTAETCS
MIOCTOSIHHOM Ha BCEM paccMaTpUBAaEMOM MHTEpBaje BpeMeHH. B mporpamme mpemaycMoTpeHa
BO3MOJKHOCTh 3aJlaHHsl TPAKTUYECKH JIFOOOTO 3aKOHA HM3MEHEHHUS WX BO BPEMEHHU IIyTeM
BBEJICHUS B HA0OOp JIaHHBIX OMMCAHUS CIIEUATEHOTO MHOXKHTEII,

sBIsIIONIerocs (yHKnued BpeMeHH. [Ipw Hanmuyum oOmMcaHWSI TAaKOTO MHOXHUTENS B
Habope MJaHHBIX BCE CIEAYIOLIME II0CIe HEro MepeMeIleHHsl, CKOPOCTH WM YCKOPEHUs
YMHOXKAIOTCSl Ha €ro TeKyllee 3HaueHue. Takux MHOXKHTEIeW B Ha0Ope JaHHBIX MOXET OBITh
HecKoJbKo. O0MacTh AEHCTBUS OJHOTO M3 HUX OrpaHMYUBACTCS CIEAYIOIUM U T.1. DyHKIMS,
OTIpeNIeNIAoNasl 3aBUCHMOCTh ~ 3HAYCHHS MHOXKHTENST OT BPEMEHH MOJXKET 3a/1aBaThCsl B
TaOJIMYHOM BUJE, B BHJIE MOJIMHOMA WJIM CUHYCOU/IBI.



Puc. 5.1.1.0TobpaxkeHne rpaHnYHbIX 1 Ha4anbHbIX YCITIOBUN: @ -KECTKNEe
3aKkpenneHuns; 6 -LuapHUpHbIE 3aKpenneHus; 8 - 3aflaHHble NepeMeLLeHns:; 2 -3aflaHHble
yrnoBble nepemeLleHnst; 0 U e - 3aJaHHble HyNeBble 3HAa4YEeHUS NIMHENHbIX U YTNOBbIX
nepemMeLLeHnin; X - oTobpaxeHne 3aaHHbIX NepeMeLLEHNN, CKOPOCTEN U YCKOPEHUI
(cBEpXy-BHU3).
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5.2. 3apaHMe 3aBUCMMOCTEN KUHEMATUYECKUX BO3MYLUEHUA OT BpPEMEHU
WM napamMmeTpoB ABUXKEeHUs

[Ipu pemieHUM HEKOTOPBHIX 3a7ady KHHEMAaTHYEeCKHEe BO3MYIIEHHUS (TepeMelleHus,
CKOPOCTH W YCKOPEHHsS) HEOOXOAMMO TPEACTABIATh B BHUAEC (YHKIUH OT BpEMEHH WU
napaMmeTpoB JBIKeHHUS. Takke Kak M s Harpys3ok, 9Ta BO3MOXKHOCThH OOecreueHa MyTEM
MPEACTABICHUS TEKYIIUX BEJIMYMH BCEX KMHEMATUYECKUX BO3MYIIECHUU B BUJE MPOU3BEICHUS
3aJlaHHOM BENTMYMHBI HATPY3KU Ha MHOXKHUTENb K,

0=0K,; ,

rae (@ — Tekyllas BeJIMYMHA KMHEMAaTUYECKOTO BO3MYILEHUS, 0O, — 3agaHHad
BEJIMYMHA HATPY3KH.

[IpaBunia onvcaHusi W MHTEPHPETAUH MHOXKHUTEJIEH, U3JI0KEHHbIE HIDKE, B OCHOBHOM
AQHAJIOTUYHBI TMPABUJIAaM OMNMUCAHUS W WHTEPHPETALUM, HCIOIB3YEMBIM JJIi MHOXHUTEJIECH MpHU
Harpyskax (I1.4.4.), XoTs UMEIOTCS HEKOTOPBIE OTIUYHS.

[To ymomuanuto Ky..= 1 . s 3a1anusi 3aBUCUMOCTA KMHEMATHYECKUX BO3MYILIEHUM OT
BPEMEHH, WM T[apaMeTpOB JBIKEHUS MEpel 3aluCsiIMU C JaHHBIMH O KHHEMaTHYEeCKHX
BO3MYIIEHUAX CJIEYET BBECTH 3alCh, OINPEACNISIONIYI0 3HAUeHHEe MHOXHUTENss K, B BUIC
(GYHKIIUM OT BPEMEHHM WM MapaMmeTpoB ABMKEHHs. [Ipu 3TOM BbhIYMCIEHHas BenuuynHa Ky
Oyner HeHCTBUTENBbHA [UII BCEX KHHEMATHYECKUX BO3MYIICHUH, OINHUCAHUE KOTOPBIX
PacMoJI0KEHO B CIEYIOUINX 3aMUCAX 10 CIEAYIOIIEH 3amucH ¢ onrcanueM koddpounuenta K.
OyHKIHSI, OTIPECIIAIONIAsl BETMYNHY, OIIMCHIBASTCS CICAYIONUMHU aTpUOyTaMu:

1. Tun u mapameTpsl aprymeHta. B kadecTBe aprymMeHTa X MOXET BBICTYNaTh Bpems 1

nepememenne O, , wm ckopocts O B 3aaHHOM y3IIe€.

Ecian B kadecTBe aprymeHTa yka3aHO BpeMs, TO NapaMeTpaMHu apryMEHTa SIBIISIOTCS
WHTEPBAJI CYIICCTBOBAHUS 110 ApTYMEHTY U TIepruoa (pyHKINH.

WNHutepBan cyiiecTBOBaHUs 110 apryMEHTY ONpPENeseTcs 3HAUCHUSAMU Xpin U Xonax -
Ecnu 3anano 3HaueHue Xpin OTIMYHOE OT HYINS, TO cuuTaercs, 4ro npu X < Xmin K = 1.
AHaNOru4yHO, Npu 3a1aHHOM Xpax > Xmin 1 X > Xpax 1 Kp = 1. Ecmu Xinax <= Xomin, TO
CUHMTAETCS, YTO BEPXHEE OIPAaHUUCHUE CYIIECTBOBAHUS (DYHKIIMH 11O apTYMEHTY OTCYTCTBYET.

Ilepuon dynkuuu 7 . Ecnu3agan 7 >0, To apryMeHT QYHKIMM X ONpeaenseTcs Kak

x=t-nT , tne n=1,2,3,....—1enasyacts ot t/T .

Ecnu B KauecTBe apryMeHTa ykasausl nepememenue O , unmu ckopocTs Oy B y3ie ,
TO IIapaMeTpaMH apryMeHTa SIBJISIOTCS HOMEp y3J1a [ UM HalpaBJIeHUE MepeMeleHus m . 371eCh
MO>KHO YKa3aTh II€pEMEILECHNs B HAlIPaBJIEHUHU ocel TiolanbHOl cuctemsl koopauHat OX, OY,
OZ, a Taxxe yribl IOBOPOTAa OTHOCUTENBHO YKa3aHHbIX ocel. Cnenyer, Takke, UMETh B BU]LY,
YTO €CJIU B KaUeCTBE y3Jia BEIOpaH y3eJ MOoToKa pabouero Teja TUAPOIPUBO/IA, TO MEpEMEIIEHUE
o ocu OX B TaKOM Y3Ji€ COOTBETCTBYET 00BEMY KHUAKOCTH, MPOIIEIIEMY Yepe3 y3ell, IO 0CsIM
OY wu OZ — naBlieHHIO )XKUJIKOCTH B Y3JIe Ha BXOJI€ U BbIX0Jie cooTBeTCTBeHHO (I1a).
2. Tun u mapametpsl pyHkmu. Bo3MokHO 3a1aHne TPEX TUMOB (HYHKIUH -.CHHYCOUAbHAS,
TIOJTMHOM BTOPOTO TIOPSJIKA W TaOJIHUIIa.

CunycounanbHas QyHKINS UMEET BU]I

K, zﬁsin(wx +B]+C’

A, B u C -3agaBaemble mapaMeTphl.

[TonrHOM 3anuckIBaeTCs B BUJIE

K,=A+Bx+Cx’

3

A, B u C -3amaBaemble TapaMeTpHI.

Tabnuunas QyHKUIMA 3amaéTcs B BUAE TMOCIENOBATENILHOCTH TMap 4YHUCET apryMEHT-
GbyHKIMS B TIOPSAJIKE BO3pacTaHUsl apryMmeHTta. [Ipm 3Tom B Tabnuie HE TOJDKHO OBITh CTPOK C
OJIMHAKOBBIMU 3HAYEHUSIMU apryMEHTA.
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Crnenyer, Takxe, UMETh B BHJY, YTO €CIM B HAaOOpe JAaHHBIX PACHOJIOKEHbI MOIPSIT
HECKOJIBKO 3anuceil ¢ onucanueM (QyHKIMH KodppuLMeHTa Harpy30K, TO TeKyllee 3HaueHue K.
OTIpenieNsIeTcsl Kak MpOU3BeIeHNE 3HAUCHUH (PYHKUMH, BBIYMCICHHOE ISl TEKYIIMX 3HAuYeHHUH
apryMeHTa BCeX CIEAYIOLIMX MOAPAJ 3aUCeH, T.€.

N
Ky :HK}:}
i=1 ,
roe K ;i) - k03(hpHUIMEHT, BEIYUCIICHHBIN JIsI 3aITHCH 1
i - IIOPSIAKOBBIN HOMEp 3aIKCH B TPYIIIE,
N - 4KCIIO 3anKCcel ¢ ONMMCaHueM MHOKHUTEJIEH B TpyIIIE.

B n.4.4. npeacraBieHbl NpPUMEphl, WUIIOCTPUPYIOLIME HEKOTOpPHIE BapHaHThI
HMHTEPIPETALMU TPYII 3aIUCEH.

s KUHEMaTW4YeCKUX BO3MYIUECHMM HWHTEPHpETalysl MHOXKUTEINEW IIpU 3HAYCHUU
BPEMEHH, BBIXOJAIIEM 3a TPaHUIIBl MHTEpBaja CYIIECTBOBAHMUS IO BPEMEHM pa3jiduyHA IPH
MaJIBIX U OOJIBIIUX TICPEMEIICHUSX

-IIpY MaJIbIX MEPEMEIICHUAX TOYKU OCTAIOTCS 3aKPEIIEHHBIMM M TIEPEMENICHUS B HUX
MPUHUMAIOTCS] PABHBIMU HYJIIO;

-pu OONBIIMX TMEPEMELICHUSIX TOYKH ABMXKYTCS cBoOoaHo. Ilpu stom, ecnu umeer
MECTO Tpymna 3amnucei (HEeCKOJbKO OJHOTUITHBIX, PACIOJOKEHHBIX MOAPSA), TO HHTEpBAI
CYILIECTBOBAHUS ONPEEIAETCS JJIsl KaXI0U 3alUCH OTAEIBHO.

[Ipu pemieHnn  CTaTUYECKUX  3aJady NPUHUMAIOTCS  BEJIMYMHBI  MHOXHUTEJCH,
COOTBETCTBYIOIIME HYJEBOMY 3HAYEHUIO BPEMEHM WJIM NapaMeTpoB JIBHKeHUs. Ecnu pemiaercs
TEOMETPHYCCKH HEJIMHEWHAas 3a7ava, a B Ka4eCTBE apryMeHTa (YHKIIUU MHOXHUTENS YKa3aHbI
NepeEMEINICHUS y31a, TO B IIPOLIECCEe UTEpalluii 3HAUEHHE MHOXKHUTENS YTOUHSAETCS B COOTBETCTBUU
C TIOJIy4aeMbIMH 3HAYCHUSIMU TIEPEMEIICHUH.
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5.3. BuptyanbHble KUHEMaTU4YECKNE OrpaHUYveHus

B nmpakTtuyeckux pacderax dYacTO BCTPEYAIOTCS CIIydad, KOrJa KHHEMaTHYeCKUE
IpaHUYHBIC YCIOBHS (3aKPEIUICHUS) MOJCIH 3aBUCST OT €€ TIEPEMEICHHI U, B KOHEYHOM CUEeTe,
OT HArpy3kud (BO3MOXKHOCTH TMOTEPU KOHTAKTa C OMOPOH WM Jp.) WIU MOTYT H3MEHSTHCS BO
BpemeHu. /Jlns omucaHus MOJOOHBIX BapHaHTOB B IPOTPaMME pPEaM30BaHbl MMOBEPXHOCTH
BUPTYaJIbHBIX TPAHUYHBIX YCIOBHM, JJIsI KOTOPBIX MPOBEPSIOTCS YCIOBUS KOHTakTa. Ha y3isbl,
JUT. KOTOPBIX BBITIOHSETCS YCIOBUE KOHTAKTA, HAKIIAIBIBAIOTCS KHHEMATHUECKUE OTPaHHUYCHHS,
COOTBETCTBYIOIIME 3aJaHHBIM MTapaMeTPaM MOBEPXHOCTH.

BuptryanpHble KMHEMAaTHYECKHE OTPAHUYCHUS XAPAKTEPU3YIOTCS T'€OMETPUYCCKUMHU U
KHHEMAaTUYECKUMU TapaMeTpaMHu.

['eomeTpruecKkre MapaMeTpbl ONPEACISIOT COBOKYIMHOCTh YCIOBHE KoHTakTa. K HuUM
OTHOCSITCSI THUIl OTPAaHUYHMBAIONICH TOBEPXHOCTH (TUIOCKOCTb, IMIIMHIP, KOHYC...), €€ pa3Mepsl
MOBEPXHOCTU M TIyOMHA KOHTPOJIUPYEeMOi o0nactu ¢ . Eciu Touka HE BBICTYIAET 3a pa3Mephbl
MMOBEPXHOCTH M HAXOJMUTCS BBINIC TITyOMHBI KOHTPOJIUPYEMOW 00JIACTH, TO YCIOBHUE KOHTAKTa
BhITIONTHSETCS (puc.5.3.1.).

Puc. 5.3.1. BuptyanbHoe
KMHEMaTn4eckoe orpaHnyeHuve.

1 — orpaHn4yMBaoLLas NOBEPXHOCTb,
2 — y3noBas To4Ka.

B kadecTBe KHMHEMATHMYECKUX I1ApaMETPOB BBICTYNAIOT YCJIOBHS, OrPaHUYMBAIOLINE
MEpEMELICHUS  Y3JI0B OTHOCUTEJIBHO IOBEPXHOCTH. JlJIA BCEX PACCMOTPEHHBIX Jaliee
BUPTYQJIbHBIX KHMHEMAaTUYECKUX OrPAHWYEHUM y3Jbl MOTYT BBIDABHHUBATBCS WU  HE
BBIDAaBHUBATbCA [0 TOBEPXHOCTH, TaKXe MOXET OBITh 3allpelieH0 WM pPa3perieHo
MIPOCKAJIb3bIBaHUE TApAIEIbHO OBEPXHOCTH (MIEPEMEILIEHUs. ¢x U ¢y ) .

BupryaibHble KMHEMAaTUYECKUE OIPAHMYEHHUS MOIYT IIEPEMEINATHCS 110 3aJaHHOMY
3akoHy. IIpu 3TOM crnenyeT MMeTh B BHIY, YTO ITO IEPEMELIEHUE TOJBKO KMHEMATHYECKOE -
negopMupyemble TpU BBIIOJHEHWH YCIOBHIl  KOHEUHBbIE 3J€MEHThl BJIMSHUS Ha HEro He
OKa3bIBalOT. VICKIIIOYEHHE COCTABIISIIOT PAa3HOBUIHOCTH OIPAHMYEHHWN B BHJIE LWIMHIpAa U
KOJIbLIa, KOTOpBIE MOIYT HCIIOIb30BAaThCS [UIsl ONUCAHMS  JIOKAJIbHBIX KOHTAaKTOB MEXIY
JJIEEHTaMH.

Jlanee paccMOTpEeHBI  pealu30BaHHBIE B IpOrpaMMe  BapUaHThl BHUPTYaJIbHBIX
KMHEMaTUYEeCKUX  OrpaHuMdeHMi. PaccmarpuBaemble  KOMIIOHEHTBI  MOJENM  3aHUMAET
IIPOMEKYTOUHOE IOJIOKEHUE MEKIY KOHEUHBIMU DJIEMEHTAMM U TPAHUYHBIMHU YCJIOBHUSAMH, HO
JUTS OTIPENENIEHHOCTH JJAJIee 110 TEKCTY, a TAKXKE B IPOrPaAMME MCIOJIb3YETCsl TEPMUH 3JIEMEHT.

5.3.1. YyacTok nnocKon noBepxXHOCTH

BI/IpTyaJ'II)HOe KHHEMATUYCCKOC OrpaHUYCHHUE B BUAC Yy4AaCTKa IIOCKO# ITOBEPXHOCTU-
MMpEACTAaBJICHO Ha pHUC. 5.3.2. OFpaHI/I‘-II/IBaeT IMOJIOKCHUC Y3JIOB IIJIOCKOCTLIO -Y3JIbI HE MOTYT



274

HaXOJUTbCSI HUXKE IUIOCKOCTH Xxoy. Ilpu 3TOM mpoBepsroTCS  y37bl, HaXOASILIMECS  BBIIIE
3aJJaHHOM BeNWYMHBI [z - TONIIMHBI 3jeMeHTa. [l Bcex y3JI0B, IONAAAIUX B O0BEM,
OTpaHUYCHHBI KOHTYPOM JJIEMEHTa, 00eCIIeYrBaCTCsI BBIMIOTHEHHE yCinoBus Zi >=0, rae Zi - z-
KOOpJMHATA y3J1a i , T.€. y3JIbl, [I0NaJlaloye B 001acTh 2, BBIPABHUBAIOTCS 10 OBEPXHOCTH 1 1
UMEIOT BO3MOXKHOCTb I€peMEIlleHHss 10 3Toil mnoBepxHocTu. Ha mnepemermienus ys3ios,
HaXOJSAIIMXCS BBILIE NOBEPXHOCTU | orpaHnyeHunil He HaKiIaapiBaeTcsa. OpHUEHTaLNs JIOKAIbHON
CUCTEMBl KOOpPAMHAT  Takas >K€, KaKk M JUld 3JEMEHTa IUIACTUHBI (CM..2.2.). DIJIEMEHT
OIKCBIBAETCSI HOMEPAaMU Y3II0B i, j, k, I, onpeensonMy ero IMoyiokeHue, GopMmy u pa3mepsl ,
a TaKXkKe TONIUHON Hz, oOmpenensomeil pasMep KOHTPOIUPYEMOH 00IacTH MO HOPMAaiIH K
nosepxHoctd B MM. Ha puc. 5.3.26 npencrasineHo nm3zoOpakeHHe 3J€MEHTa B IpaUuecKux
cxemMax. OJeMeHT u300pakaeTcs KOHTYpOM TEMHO-3€JIEHOTO I[BETa, COEAMHSIOUINM
CBA3BIBAEMBIC Y3JIbl, U3 LIEHTPa KOTOPOTO 0 HOPMAJIM K IUIOCKOCTH 3JIEMEHTA BBIBOJUTCS
OTPE30K, 0TOOPaXKAIOIINIA TOIIUHY KOHTPOJIMPYEMOU 00IaCTH.

=

Puc. 5.3.2. KuHemaTudeckoe orpaHnyeHve B BUOE YyyacTka MIOCKOMN
NMOBEPXHOCTU:

a - cxema anemeHTa; 6 - nsobpaxeHue Ha rpamyecknx cxemax.

1 - orpaHnymMBaloLLaa NOBEPXHOCTb; 2 - KOHTPoONupyemasi obnacTsb.

Ha puc. 5.3.3. mpeacrasieH mpuMep MCHOIb30BAHUS PACCMAaTPUBAEMOTO OTPAHUYEHUS
JUIL peUIeHUs 33/Ja4d  yjaapa KaydyKOBOTO IIapHKa, CMOJAEIHPOBAHHOTO COBOKYITHOCTHIO
00BEMHBIX KOHEYHBIX D3JIEMEHTOB, O ECTKYI TMperpany. OTOT NpUMep IOCTaBIsAeTCS C
IporpaMMoil M omMcaH B THpuiokeHuu. HM3o0pakeHue, mpeacTraBieHHOe Ha puc. 5.36
WITIOCTPUPYET AedopMaliio MaprKa U 3aTeM ero cBoOOHOE IBMKEHHUE 1OCIIe YAapa.
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Puc. 5.3.3. lNpumep ncnonb3oBaHus orpaHMyYMBaloLLen MNNOCKOCTU:

a - cxema 3agadv; 6 - nsobpaxeHve ceveHus wapa B pasfnnyHble MOMEHTbI
BpeEMEHMN.

1 - KOHEYHO3NEMEHTHas MoenNb Wapa; 2 - orpaHMyYMBaloLLas NOBEPXHOCTD .

Ha puc. 5.3.4. npencrasieH npuMep MCHOIb30BaHUS pacCMaTPUBAEMOI0 OTPaHUYEHUS
JUIs  peueHus 3ajadud  aedopmanmMM  KaydyyKoOBOIO KOJIbLIa TpPU  MEpPEeMELICHUH IBYX
OTPaHUYMBAIOUINX IJIOCKOCTEH. DTOT NMpHUMEp, TAKKe KaK M HPEIbLAYIIMH, MOCTaBIIETCs C
MIPOrpaMMoOil U ONKCaH B NPUJIOKEHUH. B 3a1adue onrcana KOHEYHOAIEMEHTHAs! MOJIEb KOJbIIa,
KOTOpasi CKUMAETCS C JIByX CTOPOH INEPEMEIIAONMMHCA OTPaHUYMBAIOIIUMHI TTOBEPXHOCTSIMH.
Jly1g TOro, 4TOOBI UCKIIIOUNTH MEPEMEIICHUs KOblla KaK TBEPAOIro Tejla BO BCEX HAIPaBJICHUAX
HEKOTOpBIE IPaHUYHBIE Y3JIbI €0 JOMOJHUTENIBHO 3aKpEIUIEHBI B HanpasieHuu oceil OY u OZ.
VY31aM, ¢ KOTOPBIMU CBSI3aHbl OTPAaHUYMBAIOIINE TOBEPXHOCTH, 33/JaHbl IOCTOSIHHBIE CKOPOCTH U
peleHsl 3ajJa4a CTaTUYEeCKOro HArpyKeHHUs JUIl H3MEHSIOIIMXCS BO BPEMEHU HArpy3ok M
IapaMeTPOB.
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Puc. 5.3.4. Tllpumep wncnonb3oBaHMs MNepeMELLAOLLNXCA OrpaHn4MBaoLmnX
NIIOCKOCTEWN:

a - cxema 3agayn; 6 - nsobpaxeHne MOAeNn B pasnnyHbie MOMEHTbI BPEMEHW.

1 - KOHEYHO3NEMEHTHAast Mo4erNb KombLa; 2 - OrpaHnYMBaloLLne NOBEPXHOCTY;

3 - 3afaHHble CKOpPOCTU; 4 - 3aKpenneHnsa rpaHnYHbIX y3roB.

[Tono6ubIM 00pa3oM MOTYT MCIONB30BAThCSl M JAPYTU€ PACCMOTPEHHBIE Aajee THIIbI
BUPTYaJIbHBIX KHHEMaTHYECKHX OTPaHUYEHHH.

5.3.2. Konbuo

BupryanbHOE€ KHHEMATHUECKOE OTPAHUUYEHHUE B BUJIE KOJIbLAa AHAJIOTUYHO NPEABIAYIIEMY
- OrpaHMYMBAIONIAsl MOBEPXHOCTh IUIOCKass. Orinuaercss GopMoil M crocoOOM OpPHEHTALUU.
OOuwmii BUJ 3I€MEHTa MpeAcTaBieH Ha pHcC. 5.5. DIEMEHT CUMMETPUYEH OTHOCHTEIBHO CBOEH
OCH , IPOXOJSIIEH Yepe3 y3iIbl i U j , U XapaKTepu3yercs BHYTPEHHUM D; U HapyxKHbIM D;
JuaMeTpaMHu. Takum o00pa3oM KOHTpoiupyeMass oO0JacTb OrpaHHuYeHa IUIOCKOCTSIMH,
HOPMaJIbHBIMU OCH 3JIEMEHTA U MPOXOASIIMMHU 4epe3 y3ibl i U j u auamerpamu D; u D:.
VY37bl, MONaBIINE B KOHTPOJIHUPYEMYIO 00JIacTh, BHIPABHUBAIOTCS B IUIOCKOCTH BBIPAaBHUBAHMS
(HOpMaJIbHOM OCH M MPOXO/ASILEH Yepe3 y3ell i ), ¥ MOTYT IepeMeliaTbes B 3TOH MII0CKOCTH, T.€.
IUTSL Y37I0B, y KOTOpBIX D; /2=>R, =>D; /2 zn=>0 . llepememienne 3TUX Y3JIOB B
HaIpaBJIEHUU OCH JJeMeHTa 3ampeniaercd. Ha rpaduueckux cxemax H300pakaeTcsl IBYMs
OKPYXXHOCTSIMU ¢ AuaMmeTpamu D; u D:, nexaliuMu B IIJIOCKOCTH BBIPDABHUBAHUS U LIECHTPOM B
y3i1€ i, ¥ IPSIMBIMH, TAPATIEIILHBIMU OCH U PaBHBIMH I10 JIJIMHE KOHTPOJIUPYEeMOl 00JIacTH.
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Puc. 5.3.5. KuHemaTtunyeckoe orpaHuyeHne B Buae KonbLa:
a - cxema anemeHTa; 6 - nsobpaxeHue Ha rpadoMyYecKknx cxemax.
1 - orpaHnymMBatoLLLas NOBEPXHOCTb; 2 - KOHTpoNupyemasi obnacTb.

5.3.3. Unnuupgp

OOmmii BU dJIEMEHTa TPEJCTaBIeH Ha puc. 5.3.6. OrpaHu4MBarONIas MOBEPXHOCTh [
uMeeT GopMmy UWIMHIApa paguyca R=D/2, ocb KOTOPOTO 0X MPOXOAUT Yepe3 Yy3Ibl i U J.
DeMeHT BBIPABHUBAET TOUKH 110 00pa3yromiel HWIMHIpPa, 00ecTieunBas Ui JF000TO m- To y3ia
eCIn X;<=X, <= X; BBINIOJIHEHUE yCcIoBUsi R,=>R. KoHTpomupyemas o0iacte 2 pacrojaraercs
MOJ1 MOBEPXHOCThIO IWJIMHAPA, U JJIMHA €€ OrpaHUYeHa MOJIOKEHUEM y3i10B i u j. g y37os,
MOIIABIINX B 00JacTh HCﬁCTBHﬂ OrpaHn4CHUsd, 3alpCliacTCda IMEPCMCHICHUC B paJuaibHOM
HaMpaBJIEHUU. DJIEMEHT MOXKET HMCIIONIb30BaThCs AJISi MOJACTUPOBAHUS CUTYallMHU, KOTJa JeTallb
onupaercss Ha och. [Ipy 3TOM B X0/€ HMTEPALMOHHOIO MPOIECCa WM HMHTETPUPOBAHHS 10
BpeMeHH o0ecreunBaeTcs KOHTPOJb YCIOBUI KOHTakTa Yy3J0B C OTpaHUYMBAIOIIEH
IMOBEPXHOCTHIO, T.C. OrpPpaHUYCHUA 6YJIYT HAKJIaJIbIBaTbCsAd TOJIBKO Ha Y3JIbl, KOTOPBLIC IIPHU
MepeMenIeHus X OyIyT OMUPaThCs Ha OTPaHUYMBAIOIIYIO TOBEPXHOCTb.

Puc. 5.3.6. KuHemaTtuyeckoe orpaHuyeHve B Buge uunuHapa:
a - cxema anemeHTa; 6 - nsobpaxeHune Ha rpadmyecKnx cxemax.
1 - orpaHnymMBatoLLLas NOBEPXHOCTb; 2 - KOHTpoNupyemasi obnacTb.

[Ipumep cOBMECTHOrO MCIONB30BaHUS OTPAHUUYEHUI B BHJE KOJIbLA M LWJIMHAPA Ul
MOJIETTUPOBaHUS ONUpPaHUs AeTaiau (BblOpachiBaTelsl) Ha OCh MpeAcTaBieH Ha puc. 5.3.7. DtoT
IIPUMEP MOCTABISAETCS C MPOTPAMMOM M €r0 OIIMCAHUE UMEETCS B IIPUIIOKEHHH.

Ha puc 5.3.8. mpencraBneH mnpumep pabOTHl UWIWHApPA TPH PEIICHUH 3a]a4qu
CTaTHYECKOT0 pacyera B Cilyyae, KOrja AMaMeTp LWIMHIpa OONblie Juamerpa IMOJIOCTH MOJ
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Hero. Tpy0a u3 00BEMHBIX AJIEMEHTOB 3aKpeIJICHa TaK, YTOOBI MCKIIOYUTH €€ CMEIIeHHnEe Kak
TBEPJIOTO TeJia M J1aTh BO3MOYKHOCTh MIEPEMEIICHUH BCeX €€ y3JIOB B paJIMAIbHOM HalpaBJICHUH.
Ha puc. 5.86 moka3zaHo moJjioKeHHE MOBEPXHOCTH IMJIMHIPA OTHOCHTEIBHO Y3J0B B UCXOIHOM
MIOJIOXKEHHUHU TIPY HAOJIIOCHUH C TOpIia TPYOBI, @ Ha pHC.S.86 -MTOJI0KEHHE Y3JI0B, TIOJTYYCHHOE U3
pemieHus 3a1aud. B pe3ynbTare pemieHus 3aJaun CTaTUYECKOro pacdéra y3Jbl pacloyiaratorcs
10 TTOBEPXHOCTH IHJIMHJIPA. DJIEMEHT OIHMCHIBACTCS HOMEpaMU Y3J10B (i ¥ j ) 1 AuaMeTpom D.

Puc. 5.3.7. lNpuMeEHEHNE KMHEMATUYECKMX OrpaHUYeHMn B BUAE UUNMHOpPA WU
Konbua ANg MOAENUPOBaHUSA 3aKpenneHnsa getanm Ha Ocu:
a - CTpyKTypa orpaHnyeHui; 6 - cdoopMmpoBaHHas MOAESb.

Puc. 5.3.8. PaboTta knmHemaTU4eCKOro OrpaHuyeHus B Buae UunvHApa npu
MOLENMPOBaHUN HaTAra: a-CTpyKTypa OorpaHu4eHun; 6-mcxogHoe nonoXeHue y3nos; -
CMELLEHHOE T[OroXeHe Y3MnoB B COOTBETCTBME C pelleHVeM 3ajadn pacdeTta
nepemMeLLeHnin Npu CTaTUYECKOM HarpyXeHuu.

5.3.4. KoHyc

DOneMeHT aHalorWueH HUIMHAPY. OTIMYaeTcss TOJNBKO TEeM, YTO OrpPaHUYUBAIOIIAS
MOBEPXHOCTh HMMEET BHUJ KOHYCa, OChb KOTOPOTO OX IMPOXOJUT Yepe3 Y3Jbl [ U j, U HMEeT
TUaMeTpbl B JTHX Yy37MaX D; U D> COOTBETCTBEHHO. DIEMEHT BBIPABHHBAET TOYKHU TIO
oOpa3yromied, obecrieunBasi Juist J1I00Oro m- ro y3na eciu  Xi<=X, <= X; , BBIIOJHEHHUE
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ycnoBus R,=>R, tne R=Di/2 + xm (D2-D1) /2 Xj -COOTBETCTBYIOIIAS X, BEIUYMHA paguyca, X; -
X-KoopauHaTa y3i1a j. OnuchIBaeTCsl HOMEpaMH y3JIOB i U j U TMaMETPaMH IIOBEPXHOCTH B 3THX
y31ax (D; u D2 COOTBETCTBEHHO ).

5.3.5. KpMBONnHENHbIN KOHYC

AHanorudeH npeapiaymiemMy. OTaudaercss TOJIBKO TeM, 4TO 00pa3yrolias IpeaCTaBIsIeT
co00i1 KpUBYIO, U OMUCHIBAETCS TpeMs TuameTpamMu — D; u D B y31nax i ¥ j COOTBETCTBEHHO, a
D3 3amaércst nocepeuHe AIEMEHTA.

5.3.6. Copepa

OneMEeHT aHaloruueH MWIMHAPY. OTiIM4YaeTcss TOJBKO TEM, YTO OrpaHUYMBAOILAs
IIOBEPXHOCTb MMeEET BUJ cdepbl paauyca R ¢ IEHTpOM B ToUKe i. ONKMChIBAETCS HOMEPOM Y314 i
, PACIIOJIOKEHHOT'O B LIEHTPE, U PaJuyCcOM IOBEPXHOCTHU R.

Jns yununopa, kowyca n cgpepvr Hapsily ¢ ONMCAHHBIMU BBILIE CAy4YassMU peau30BaHa
BO3MOYKHOCTb OOpaTHOIO pAacCIOJIOKEHUS KOHTpOoIHpyeMon obmactv. I 3THUX 3JIEMEHTOB
HapsAIy ¢ HOMEepaMH y3JI0B U pajJinycaMu YKa3bIBaeTCs, TAK)Ke, TUIl OTPAHUYEHUS - BHYTPEHHEe
WIM OXBaTblBawolllee.  BHyTpeHHee  COOTBETCTBYET ONMCAHHBIM BBILE CIIy4asM, IpU
OXBATBIBAIOIIEM KOHTpOJIUpyeMas 00JacTh pACHOJOXKEHAa CHApy)XHU IOBEPXHOCTH. B 3ToM
Ccllydae y3JIbl MOTYT CBOOOJHO NMEPEMEIIAThCs TOIBKO BHYTPH LIMIIMH/IPA, KOHYCa MU C(EepHl.

[Ipy uMCHONB30BAHMU PA3IMYHBIX BapUAHTOB COYETAHUN BHUPTYalIbHBIX I'PAHUYHBIX
ycoBuil cienyer 3a00TUTBCA O TOM, YTOOBI MOJEb ObLIA IIOCTOSIHHO 3aKpeIUIeHa W HE MMella
BO3MOKHOCTH IE€pEMELICHUN KaK TBEPJOTrO Tella, XOTA K JUHAMUYECKUM 3ajlayaM 3TO OTHOCUTCS
B MeHbIIeH ctemeHu. Kpome Toro, B 3TOM ciy4ae HEOOXOAMMO HCKIIOYHTH MX B3aWMHOE
BIMSHME (€CJIM 3TO He SBISIeTCS HEOOXOAMMBIM Jjisi peanu3auuu mojenu ). MckiroueHue
B3aMMOBJIMSHUS MOKHO 00€CIEUUTh 33/1aB KOOPJIMHATHI Y3JI0B TaKUM 00pa3oM, YTOOBI Y3Ibl,
OIIpeJIeNIAIONINe MOJIOKEHHE U (GOPMY OJJHUX BUPTYaIbHBIX I'PAaHUUYHBIX YCIOBHM, HE MOMAagaln
B KOHTposMpyeMble o0nactu Apyrux. Ecmm 310 oOecrednTh HEBO3MOXKHO, TO B TaKUX Yy3iax
cleqyeT  3ajaTb KUHEMATUUYECKHME TPAHUYHBIE YCIOBUS SIBHO, 3aKpelNMB HX, WU 337aB
KOHKpETHbIE 3HaUCHHE Y3JI0BbIX IT€PEMEIIEHUH.
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5.4. YyéT cummeTpun moaenu

ObecnieueHa BO3MOXKHOCTH 3a/IaHUS IUIOCKOCTEH CHMMETpPUH, MPOXOIAIIUX Yepe3 OCH
cuctembl koopauHat XOY, XOZ u YOZ , napanneiabHO TUIOCKOCTSM CHUCTEMbI KOOPIAWHAT U
OTHOCHUTEIIBHO OCEM.

B nepBoM ciyuae aiis y3710B, JIEKAIMX CTPOrO B INIOCKOCTH CUMMETPHUH, 3alPEIaroTCs
NepPEMELIEHHS 110 HOPMaJIM K IUIOCKOCTH CHUMMETPHHM, a TAK)KE YIJIOBbIE NEPEMELICHUS BOKPYT
0Ceil, JIeXkKaIMX B INIOCKOCTU CUMMETPHHU.

I'paduuecku MIOCKOCTH CUMMETPUU OTOOPAKAIOTCS MPAMOYTOJbHUKAMH, JICKALTIMH B
KOOPJMHATHBIX IUIOCKOCTSIX, HECKOJbKO BBICTyMarommx 3a rabaputel Mozaenu. LlBer
IPSIMOYTOJIBHUKOB COOTBETCTBYET LIBETY HOpPMalbHbIX K Iutockoctu ocel I'CK: mmsa XOY -
3enéubiit, 11 XOZ - cunuid, i1 YOZ xpacHweiid.  [lpumep oToOpakeHHs TUIOCKOCTEH
CUMMETPUHN MOJIEJIH NpeACcTaBieH Ha puc. 5.4.1.

Puc. 5.4.1. OTtobpakeHune nnockocTen CUMMETPUM MOLENN.

Bo BrOopoM ciywae mpenmosaraercs LUKIMYECKas CHUMMETpPUS OTHOCHUTEIBHO
IJIOCKOCTEeW mapaiienbHbIX MmiockoctsiM XOY, XOZ w YOZ T'CK, T.e. Mojenb MoJaraercs
BBIPE3aHHOM M3 O0O0mIed IUIOCKOCTSIMH, NapajulebHBIMM KOOpAUMHATHBIM. lluknnueckas
cummeTpus oTHocuTenbHO miockocreld I'CK nmozxpasymeBaer, 4To yciaoBUSI CHMMETPUH 3aaHbI
o TpaHUllaM OOBEKTa, T.€. B KpallHMX TOYKaX, OMNPEIENIIEMbIX 10 HOPMalM K IUIOCKOCTU
cumMeTpuu. Vcrnonb3yeTcst pu BbIJICICHUN aHATU3UPYEMOM 4acTH U3 NPOTSHKEHHBIX 0OBEKTOB.
['padmyecku oroOpaxkaercs NpsIMOYTOJIbHUKAMH MapaJljieIbHBIMU KOOPAWHATHBIM IIJIOCKOCTSIM,
HECKOJIbKO BBICTYIMAIOLIMMHU 3a rabapuThl MOJEIN U PACIIOIOKEHHBIMU 110 €€ TPaHULIAM.

Tperwnii ciydail mpeanongaraer, 4To MoJeab HUKINYECKH CHMMETPUS OTHOCUTEIBHO OCEH
OX, OY u OZ T'CK. B 3TOM citydae MOJENb OTCEKAeTCsl OT OOIIeH MITOCKOCTAMHU, MPOXOASIIIUMHU
yepe3 3aJaHHyl0 ocbh. ['paduuecku oroOpakaeTcss MPAMOYTrOJIbHHUKAMHU, MPOXOIALIMMH 4Yepe3
3a/laHHYI0 KOOPJIMHATHYIO OChb U TPAHUYHBIN y3JIbI MOJEJIN U HECKOJBKO BBICTYNAIOIIMMU 32 €€
rabapuThl.

Bropoii u TpeTuii ciyuau npeacrasiieHbl Ha puc.5.4.2.
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_|_

Puc. 54.2. Luknnyeckaa cmmmeTpusi MOgenu. a — BAoMb ocu, 6 -
OTHOCUTENBbHO OCWU, B - OTOBPaKeHNE LMKNNYECKON CUMMETPUN
moaenu otHocutenbHo ocn OX n nnockoctn YOZ.
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5.5. CBs3b 1 CUMMETPUS Y3MOB.

OGecnieyeHa BO3MOXKHOCTh HAJIOKCHHUS CBS3eH Ha IepeMelleHHs Hap y3JoB, T.e. Ha
HepeMeIIeHHs Y3JI0B i U j . YCIOBHS 3TOrO THIIA OTOOPAXKAIOTCS JIMHUSAMH, COCAMHSIOMINMU
CBS3bIBACMBIC Y3JIbI.

5.5.1. CBA3b nepemMeLLeHni.

I[aHHBIﬁ BHUJI KHHEMAaTHUYCCKOI'O YCHOBI/UI O6eCHe'—II/IBaeT BO3MOXHOCTh HAJIOXCHUA
CBSI3eH Ha TapaJuleibHBIE TEPEMEIICHNS Map y3JIOB, T.C. HA NEPEMEIICHUS y3I0B i U j
HAKJIa/bIBAETCS YCIOBHE

O, =0, ,tne k=x,y,...

VCII0BHE MOKET HAKIIAIBIBATHCS HA BCE CTEIICHH CBOOOIBI M B JIFOOBIX COYCTAHMSX.

5.5.2. CummeTpuns y3nos.

CumMeTpusi y37I0B TpeJIoyiaraeT 3a/laHue IUIOCKOCTH CHUMMETPUU AJIs CBA3BIBAEMOMN
napbl y3J0B. B 3ToM ciyyae A CBS3BIBa€MBIX Y3JIOB i M j TIPEAIOJSIAraeTcs paBeHCTBO
NepeMenIeHU B IIOCKOCTH CHUMMETPHUU, PABEHCTBO YIJIOB MOBOPOTa BOKPYI HOPMAalIbHOU K
MJIOCKOCTH CHUMMETPHHM OCH, CUMMETPHUSI HOPMAIBbHBIX K TJIOCKOCTH TMEPEMEIIEHUN U YIIIOB
MOBOPOTA BOKPYT OCEH, NIeXkAIIUX B INIOCKOCTH CUMMETPHH, T.€.

Q. =9, 9.9, <Q.=949.,

F, =—F  F =7 F, =F

Jx 72 Jix L7 Imk mk

rne k=x, y, 7 I=y,5x k=2, x,5;

YcaoBue MOXKET HaKJIaAbIBaTHCS HA BCE CTEIICHHU CBO6OI[BI U B JIOOBIX COYETAHUSX.

5.5.3. Llnknuyeckas cummeTpus y3nos.

OOecrieueHa BO3MOXKHOCTh HAJIOKEHHS CBA3EH Ha NepeMCIICHUA LUKJINYCCKU
CUMMETPUYHBIX OTHOCUTEIBHO ocel cuctemsbl koopauHat OX, OY u OZ y3nos.

B stom cjiydac i map y3JIOB, IMPUHAJICKAIIUX CUMMETPHUYHBIM I'PAHAM U UMCHOIIHUM
OIWMHAKOBBIC KOOpPAWHATBI W PAANYChl OTHOCHUTCIBHO OCH CHUMMCTPHU MPUPABHHUBAKOTCA
paaruaIbHbIC, TAHICHIHUAJIBHBIC U MMApaJIJICJIbHBIC OTHOCUTCIIbBHO OCHU CUMMCETPHUHN NTEPEMCIICHUA.
Ecnu B CMMMETpUYHBIX y371aX NPUCYTCTBYIOT YTJIOBBIE NEPEMEIICHUS, TO NPHUPABHUBAIOTCSA
TAK¥XE, YIJIbI MOBOPOTA OTHOCUTCIBHO OCHU CHUMMCETPHU, B PAAUATIBHOM U B TaHI'CHIMUAJIBHOM
HaIlpaBJICHUAX.

HpI/IMep OT06pa)KeHI/I${ NUKIIMYCCKU CUMMETPHUYHBIX Y3JIOB MOJCIIN IMMPEACTABJICH Ha PUC.
5.4.2.
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Puc. 5.5.1. Mpumep oTobpakeHnsa LNMKINYECKN CUMMETPUYHBIX OTHOCUTENBbHO ocn OZ
y3NoB MOJeNnu. a — HenpoapadHaa moaesb, 6 — npo3payvyHas Mogerb, 8 — BUAHDI
TONBbKO CUMMETPUYHbIE Y3rbl.

5.6. PeayumnpoBaHue y3nos

PenynupoBanue y3JI0B B JaHHOM CiIy4ae pacCMaTpUBAacTCs Kak 4YacTHBIA CIIy4au
KMHEMAaTHYEeCKHX TPAHUYHBIX YCIIOBHM, HAKJIAQJBIBAIOIIMNA HAa OTHOCHUTENBHOE IEepeMelIeHre
y3JIOB CBSI3b BHJIA

2= V112, } 1

{On} — BEeKTOp MepeMeNICHUH PeAYIIHPYEMOTO y3JIa;

{Or} - BEeKTOp MEpeMeNICHUN PEAYIUPYIIUX y3II0B;

|N] - matpuna pyHkuuii Gopmbl, OrpeIenstoniasi TUIl CBS3H.

PeannzoBano fBa BUa peaynMupOBaHuUs - MO JTMHUHU H 110 TOBEPXHOCTH.

[Ipy HaNOXKEHMM pacCMaTPUBAEMbIX CBSI3E€H Y3JIbI, ONPEICISAIONINE IEePEMEIICHUS
MOBEPXHOCTEH, IJIACTUH WJIM CTEP)KHEH Ha3BIBAIOTCS PEAYLHPYIOIIUMH, a y3JIbl, HAXOASIINXCS B
IUIOCKOCTU TIOBEPXHOCTEH OOBEMHBIX DJIEMEHTOB WM IJIACTUH, MJIM HAa HEHUTPaJIbHOH JIMHUH
CTEp>KHEH, HAa3bIBAIOTCS PEIYLIUPYEMBIMH.

[lpu penyuupoBaHHH IO JIMHUM MEPEMEIICHUS Y3JIOB, HAXOISIIUXCS HAa HEUTPaIbHOMN
JVMHUNA CTEPKHS, ONPENENIIOTCS MEePEMEIICHUSIMHI y3JI0B CTEpPIKHA, T.€. PEAYLUPYEMbIA y3en k
pacrioyiaraeTcsi Ha JIMHUU MEX1y IByMsl penyuupyomumu y3iamu i u j (Puc.5.6.1.a). B atom
cllydae KaKIbli KOMITOHEHT BEKTOpa MEPEMEINEHUI pelrylupyeMoro y3ijia BBIpaKaeTcs depes

OI[HOI/IMéHHbI_e KOMIIOHCHTBI PCAYNUPYIONINX Y3JI0B CICAYIOINUM 06pa30M
9., =Ng, +Nq,

,

e S=X ),...;

Ni=(1-9/2, N;=(1+ &)/2 - nuneiinble GQyHKIMU HOPMBI;

& - nmokalbHas HOpMaJM30BaHHAs KOOPJAMHATA, M3MEHsIomascs oT —1 1o 1, 3HaueHue
KOTOPO COOTBETCTBYET MOJIOKEHUIO PEIyIIUPYEMOro y3ia.

Penynuposanue no nosepxnoctu (Puc.5.6.160). mpenmnonaraet, 4To nepeMeneHus y3ioB,
HaXOJIAIINXCS B IJIOCKOCTH TIOBEPXHOCTEH OOBEMHBIX AJIEMEHTOB WMJIH IIACTHH, ONPENENISIOTCS
MEepEeMEIEHUSIMA  Y3JI0B OIPaHMYUBAIOIIMX 3Ty IOBEPXHOCTh, T. €. PEeayLUpyeMbId y3en m
HaXO/UTCSl Ha MOBEPXHOCTU IUIOCKOTO YETHIPEXYTOJIbHUKA, OTPAaHUUEHHOI o y31amH i, j, k, [. B
YaCTHOM CITydae YeThIPEXYrOIbHHUK BBIPOXKIACTCS B TPEYTOIBHHUK.

Puc. 5.6.1. CxeMbl OTHOCUTENBLHOIO MNOMOXEHUS PeaYLIMPYIOLLNX U
peayunpyemblX y3oB:
a - pegyuupoBaHue no nuHun; 6 — pegyumpoBaHmne No NOBEPXHOCTW.
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JInst  4eThIpEXYrOJIbHMKA BBIPAXKEHUE JUIL  CBA3H KOMIIOHEHTOB  IIE€PEMEILCHUI
pPERYLIUPYEMOTO U PELYLUPYIOIINX Y3JI0B UMEET BT

g:., = “I"'T:'g:_. - “I"'Tjg:_. - “""T.{ g:,-, - “I"'Tu'g:_-’

rae

Ni=(1+ 9 - n)/4, Ni=(1+5(1 + n)4,
Ne=(1+ & + n)/4, Ni=(1+ 91 - n)4,

& 1 - JIOKaNbHBIE HOPMAJIM30BAaHHBIE KOOPMHATHI, U3MEHsIoImuecs oT —1 10 1 3HaueHue
KOTOPBIX COOTBETCTBYET IOJIOKEHUIO PENYLIMPYEMOrO y3JIa.

Jlns  TpeyroiapHHKa  CBA3b  KOMIIOHEHTOB  IIEpEMEUICHUM  PEeAyLUpyeMOro u
PERYLUPYIOLIMX Y3JIOB 3alIULIETCS B BUJE

g:., = ‘1""7:'?:_. - “""Tjg:_. - ‘1"‘:_.{ g'r:;,’

rae

Ni=Swir/ Sk,

Smjk - TUIOIIA/Ib TPEYTOJIbHUKA Mmjk,

Sijk - TUIOILA/1b TPEYTOJIbHUKA ijk .

AHaNOrn4yHo:

N; = Snir / Siig Ni= Spij / Sijk

VYcnoBus [aHHOTO TUNA YIOOHBI MPH COIVIACOBAHUU CETOK KOHEUYHBIX AJIEMEHTOB C
pa3HbIM LIAroM.

JlaHHBIE O PENYKLIMH I10 JIMHUMU U 110 OBEPXHOCTU I'PYIIIUPYIOTCS B COOTBETCTBYIOIIHE
3anucH. PexkoMeHyeTcst 3T 3anucu popMHUpOBaTh B KOHLE (OpMUpOBaHUS HAOOPa JAHHBIX.

[Ipu BBOJE AaHHBIX C TOMOIIBIO T'PaUUIECKOTO PEAAKTOpa IMPOrpaMma OTBICKHBAET
IPYIIBI Y3J10B COOTBETCTBYIOLIUE MOJIOKEHUIO PEAYKLIMH 10 JIMHUU Ha CTEPKHEBBIX DJIEMEHTAX,
péOpax muacTMH U OOBEMHBIX d3jeMeHTOB. llpu mnoucke cutryauuu peayLnupoBaHUs 10
IIOBEPXHOCTH PACCMATPUBAIOTCS MOBEPXHOCTH IJIACTUH M TpaHU OOBEMHBIX 37eMeHTOB. Ilpu
3TOM PacCMaTPUBAIOTCS TOJIBKO IOMEYEHHBIE Y3JIIbI.

Penynupyromue y3mbl MOTYT NpHUHAJUIEkKaTh TOJIBKO KOHEUHBIM 3JI€MEHTaM(CTEep)KHHU,
IUIACTUHBI WM OOBEMHBIE 3JEMEHTHI). Penynupyemble y3i1bl MOTYT CBS3BIBATBCS Kak C
JJIEMEHTaMHU, TaK U C Harpy3KaMHu.

I'padnuecku penyuupyromue U peayuupyeMble Y3Jbl BBIICIAIOTCS OTPE3KaMHU CHHETrO
[[BETA MEPECEKAIOIMMU Y3€Il IO yriioM 45 rpan.
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5.7.Jlornyeckue cBA3n

Jns onmcaHus pa3aM4yHOrO poJa TPAaHUYHBIX YCJIOBUH B IMPOTrpaMME€ peaIn30BaHbI
3JEMEHTBhl THUIA JIOTMYECKUX CBsA3EH. [l KaKaoro »JeMeHTa 3TOro THIMA BBIJIEISETCS
JIOTUYECKUI y3€J, HE CBSI3aHHBIM C 3J€MEHTaMH JIPYyrux TUIIOB. B 3TOM y31€ mo pesynapraTtam
JIOTUYECKUX OIEepalii MOKET YCTaHABJIMBATHCS WM OOHYISIThCS mMapamerp A B KadyecTBe
KoToporo mnpunsaTo nepemenieHue no ocu OX I'CK. D10 mnepeMeleHHMe MOXKET gajee
WCIIONB30BAThCS JUISl IPYTUX DJIEMEHTOB (MHOXXMUTENEH NPHU HArpy3Kax M MEepeMElICHUsIX, s
YIOPaBISIOIUX ITEPEMEIICHUN PETYIUPYEMBIX ApOcceseit u T.1.).

Bo3MmoxxHO mpoBepka 3HaUCHUN CIEAYIOMIMUX MTapaMEeTPOB KOHTPOJIUPYEMBIX y3i10B C:

- IEpPEMEILLECHNUE;

- CKOPOCTB;

- IaBJICHUE B y3J1aX MOTOKA;

- TeMIeparypa.

[Tpu 5TOM HMX 3HAa4YEHHs] MOTYT CpaBHHUBAThbCs (0OJbIE WM MEHBIIE) ¢ KOHTPOIHHBIMU
3HaYeHUsIMU D.

B pe3ynbTaTe BBIIOJIHEHUS JIOTHUECKOW OMEPALIMM MOXHO YKa3bIBaTh CIEAYIOIIME BHUJIbI
peaxkuuu:

- YCTAHOBUTbH 3a/IaHHOE 3HAYEHUE JJOTUYECKOT0 apameTpa 4 paBHbIM B;

- OOHYJIUTh 3HAYEHHUE JIoTHYecKoro napamerpa 4 = 0;

- 331aTh 3HaYCHUE NIapaMeTpa PaBHbIM A = f — fo, T1Ie { — TeKyIllee 3HAaUCHHE BPEMEHH,

{0 — MOMEHT BBITIOJIHEHUS JIOTUYECKOTO YCIIOBHS;

- YBEJIMYUTh 3HAYEHUE JIOTMYECKOT0 NIapamMeTpa Ha Belnuuny B, 1.e. 4 =4 + B;

- YMEHBIIIUTh 3HAYEHUE JIOTUYECKOTO MapameTpa Ha Bennuuny B, 1.e. A=A — B.

Jlns npaBuiIbHOM pabOTHI 3JIEMEHTa B JIOTUYECKOM Y3Jie HE JIOJKHO 33/1aBaThCsl IPYTUX
TUTIOB TPAHUYHBIX YCIOBUH.

Ha cxeme aneMeHT n3o0pakaeTcss MPSIMOYTOJbHUKOM KENTOTO 1BETa PACIIONOKEHHBIM
BOKPYT JIOTHYECKOTO Yy3JIa, K KOTOPOMY MPOBEJCHBI CTPEIKA OT KOHTPOIHPYEMBIX Y3IJIOB
(puc.5.7.1.).

Puc. 5.7.1. OTobpaxkeHne norn4ecknx CBA3en.
1 — nornyecknin ysen; 2 — KOHTpPoONMpyeMble y3nbl.
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6. HayanbHble ycnoBus
6.1. HauanbHble ycnoBua Ana sagady AMHaAMUKU MeXaHUYeCKUX cUcTem

B y3max BO3MOXXHO 3ajjaHMe HAa4yaJbHBIX YCIOBUH B BHUJAE 3aJaHHBIX CKOPOCTEH u
nepemeniennil. [lpu ux onucanuu 3agaeTcs HOMEp y3ia, HalpaBieHue U 3HayeHue. Ha cxemax
HAvaJbHBIE YCJIOBHUS H300pa)xxaroTCsl TakKe, KaK M 3a/laHHble TepeMEIICHUs, OTIHYne
3aKJII0YAeTCs. B TOM, UYTO HMCIIOJIB3YETCS 3€JCHBIH IBET M JJIMHA CTPENIOK, H300pa)KaroIux
HavaJbHBIE CKOPOCTH, NpPUHUMAETCS OoJjbllel, deMm [Uis mepemerieHuil. Ecnu u3BecTHBI
3HAUYEHUS] CKOPOCTEH MJIM MEepPEMEIICHUI B OTPaHUYCHHOM KOJIMYECTBE Y3JI0B U MPE/IO0JIaraeTcs
3aKOH M3MEHEHHs HMX MO MOJENW Kak Jig TBEPAOro Teia WM MO (YHKIHSIM CTaTHYECKOTrO
nporuda, To 3HAYCHHS YCIOBUI B OCTAIBHBIX TOYKAX MOTYT OBITh MOJyYEHBI U3 PEIICHUS 3314
OTIpe/ieNIeHus] COTJIACOBAHHBIX HauaIbHBIX CKOPOCTEH U MEepEMEIICHUs COOTBETCTBEHHO.

6.1. HauanbHble ycnoBua Ana 3agad TensonepeHoca
B y3J1aX BO3MOXHO 3aJaHHUC HaAYaJIbHBIX YCJ'IOBI/Iﬁ B BHUJAC 3aJaHHBIX TCMIICPATYP IJIA

PCIICHUA HCCTaIIPIOHapHOﬁ 3aa4u TCIIJIOIPOBOAHOCTH. HpI/I HX OIMMUMCAHUM 3aJaCTCA HOMCP y3Jia
" 3HAYCHUEC TCMIICPATYyPhI. KOHTpOJ'IL 3aJaHHBIX 3HAYCHUM MOXKET OBITH BBIIOIHEH l"pa(bI/I‘IGCKI/I.
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7. MoaroroBKka ncxoaHbIX AaHHbIX
7.1. O6wWwme cBeaeHUs O NPUHLUMNAX OpraHM3auMm AaHHbIX

[ToaroroBka HMCXOAHBIX J@HHBIX IPOM3BOJIUTCS HEMOCPEICTBEHHO Mepen padoToil Ha
[IDBM u 3akmiovaercss B cOOpe XapakTepUCTHK M BEIMYMH HCXOJHBIX  HapaMeTpoB,
O0bEIUHEHUN UX B COOTBETCTBMM C MPHUHATOM  CTPYKTYpOHl MCXOIHBIX JAaHHBIX U
IIPEIBAPUTENILHOM 3aIIMCH B YA00HOM IS ITOCJIEAYIOLErO BBOAA BU/IE.

B cocraB MCXOIHBIX JAHHBIX BKJIIOYAETCS MUHUMAIbHO HEOOXoaumas MH(opManus o
TEOMETPHUH U CTPYKTYype KOHCTPYKLMH, TPAHUYHBIX YCIOBHAX, (PU3UKO-MEXaHHUECKUX
CBOMCTBaX MaTepHasoOB U MMapaMeTpax BHEIIHUX Harpy3ok.

Bce naGopel maHHBIX, 0OpabaThIBacMble NPOrPaMMOMN, IMPEACTABIAIOT co00i (hailibl,
COCTOSILIME U3 TUIOBBIX 3anmuceld. Kakas TUIOBas 3amuch XapakTepu3yeTcsl TUIIOM U UMEHEM.
Tun 3amucu  OJHO3HAYHO ONpENENIEeT CTPYKTYpy U Ha3Hau€HUE JAHHBIX XPAHSIIMXCS B
3aIUCH | SBHO (B TEKCTOBOM PEIAKTOPE) WIIM HESABHO (B rpad)iuecKOM PeIaKToOpe) BhIOMpaeTcs
IIOJIB30BATEIEM M3 HOMEHKJIATYphl, INpeiaraeMon Iporpammon. Mms — 3amucu BBOIUTCS
[I0JIb30BaTEIeM M NpEeAHAa3HAYeHO Uil MHIAMBHIyaldbHOro oriauuus 3anuceil. Cocroutr usz 16
CHUMBOJIOB.

7.2. NlocTpoeHne KOHEYHO-35IEeMEeHTHON Moaenu

Cxemy 1enecooOpa3HO TIPEABAPUTEIBHO OTOOPAa3UTh OTHENbHO. PexomeHmyeTcs
IPUICPKHUBATBCA  YKa3aHHOTO HMKE Mopsiika opopmieHus pacueTHoil cxemsl (KO-monenn).
C noMouIbI0 CXEMBI OIPENEISIOTCS:

-r;100a1bpHas CUCTEMa KOOPIUHAT;

-TUNBl OTOp WM JApyrue KUHEMAaTU4YeCKue YCIIOBUS (IlepeMelleHusl, CKOPOCTH,
YCKOpEHUs);

-HaIpaBJIeHUE BHEUIHEHW Harpy3ku (B TOM YHCIIE€ U paclpele]IeHHOM 0 Macce);

-KOOPJMHATHI HEOOXOAUMBIX JUISl TOCTPOSHHS MOJIENHN Y3JIOB;

-CTPYKTypa MOACIN (TI/IHI)I 3JIEMCHTOB, CBH3CI>1, HUCXOAHBIC M HAYaJIbHBIC BCINYHNHBI
3a30pOB H T.1.).

Ecnu npennonaraercss BBOJA AAHHBIX TOJBKO C TIOMOIIBIO MEKCM08020  pedaKmopa To

OIIpEAEIAETCS HyMepauus Y3J0B. Jlanee, mpu pacCMOTPEHUM KOHKDPETHBIX 3alucen
nHpopMalsg O HOMEpax Y3JIOB HCHOJb3YeTCSl TOJIbKO IPHU BBOJAE JAaHHBIX TEKCTOBBIM
PEAAKTOPOM.

[Ipu ucnonb30BaHuU epaghuueckozo pedakmopa npeaABapuTeIbHasE HyMepalus y3JI0B U
JJIEMEHTOB HE MMEET CMBICIIA, OJIHAKO TaKKe 11€JeCO00pa3HO BBIJIEIUThH I'PYMIIBI JIEMEHTOB C
OJIMHAKOBBIMHM XapaKTEpUCTHUKAaMHU, KOTOpble OYyAyT BBOAMTHCS B MOJENIb OIHOBPEMEHHO.
I'paduueckuii pegakrop mpemnonaraeT BBOJA B MOJIENb HJIEMEHTOB KakK M0J1001acTeH, COCTOALINX
U3 HECKOJIbKMX OJIHOTHUITHBIX JJIEMEHTOB, KOTOpBIE 3aT€M CIIMBAIOTCA  MEXIy coOoil u
npeoOpa3yloTcss ero KoMaHaamu. B 3ToMm ciydae Mojenb JOJDKHA ObITh NpeAcTaBieHa
COBOKYITHOCTBIO MOJ00JacTel, MapaMeTpU30BaHHBIX (PPAarMEeHTOB, paHEe IOCTPOCHHBIX
MoJiesiel, U TI0Jb30BATENI0 HEOOXOJUMO IPEIBAPUTEIILHO HAMETUTh I0CJIE0BATEIbHOCTh
KOMaHJ, WX BBOJa, COEOUHEHUS U  MpeoOpa3oBaHUs C LENbI0 MOJYYEHUS MOAENIU
COOTBETCTBYIOLIEH CTPYKTYpBI U TEOMETPUH.

[IporpaMma mnpegycMaTpuBaeT BO3MOXKHOCTh pacueTra KOHCTPYKIMM W3 pa3HbIX
MaTEPUAJIOB JUIsl OTAEIBHBIX 4acTeH.
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I'eoMeTpus Bceil CUCTEMBI OMTUCHIBACTCS B TII00ANBHOM (00IIeH [Ist BCell KOHCTPYKIIHH )
CUCTEME KOOpPAMHAT, B  KAaueCTBE KOTOPOM HCIOJB3YeTCs IpaBas AeKapToBa. Takum
00pa3oM, MOJIOKEHHE KAXKIO0TO Yy3ia GUKCUPYETCs TpeMs KoopauHaTtamu X, Y, Z.

OcymecTBisieTcs NPUBEICHUE ACHCTBYIOIIMX HArpy30K K COBOKYIHOCTH THIIOBBIX
Harpy3oK, peajlu30BaHHBIX B nporpamme. llpu peneHunm cucreMbl Ha KOHEUYHBIE 3JIEMEHTHI
HEOO0XOJUMO MOMHUTh, YTO B JIaHHOM BEpPCUM NPOTpaMMbl COCPEAOTOYEHHBIE HArpy3Ku
ABJIIOTCS TOJBKO Y3JIOBBIMM, a PacIipe/ieJICHHbIC Harpy3KH Ha CTEP)KHU JAEHCTBYIOT TOJIBKO IO
BCEH JJIMHE DJIEMEHTA.

Heo0xonuMo 3aiaTh KWHEMAaTHYECKHE TpaHUYHBIE YyCIOBHA ( 3apaHee W3BECTHBIC
nepeMelleHns) TaKuM 00pa3oM, 4TOObI MCKIIIOYMTh BO3MOXKHOCTH IepemerieHuss KO-moxpenu
paccMaTpuBaeMOM KOHCTPYKLMM Kak TBEPJIOrO Tela BO BCEX HANpAaBICHUSIX a TaKkKe €€
IIOBOPOTAa OTHOCHUTEJIBHO BCEX TPEX KOOPIUHATHBIX OCEH.

Ha pacueTHOll cxeme pEeKOMEHyeTcs HAaHECTH pa3Mepbl, 00JIEryarolue ONpeieIcHue
BEJIMYMH KOOPAHMHAT y3JIOB.

Koopaunats! y310B (JuHeiiHble pa3mepbl KO-Monenn) 3aia0Tcs B MULIUMETPaXx.

IIpy  ucmonp30BaHMM  TEKCTOBOIO  pelakropa  HEOOXOAMMO  NpEeABAPUTEIBHO
IIPOHYMEPOBATh Y3JIbl.

Hywmepanus y310B HaunHaercs ¢ enuHULBL. [lopanok HyMepanuu onpeaensiercs TONbKO
y100CTBOM BBOJIa JIaHHBIX C TOYKHM 3pEHHUS I0JIb30BaTeisl (HUKAKMX OIPAaHUYEHHM CTOYKU
3peHus padoThl porpamMm He umeercs). Hymeparus y3i0B Bceil Mozienu 0ObIYHO Ha3bIBAETCS
r1100anbHOM MK OOIEH.

JUis HyMmepauuu Y3J10B PEKOMEHAYeTcs  pa3OuTh KOHCTPYKLHMIO B HalpaBiIeHUU
MaKCHUMaJbHOTO TE€OMETPUYECKOTO  pa3Mepa  yCIOBHBIMH CEYCHUsSMH (B 0OmeM cirydae
HEIUIOCKMMHU). B mpezaenax Kaxaoro cedeHus y3jbl HyMEPYIOTCS [0 CTpOKaM ClieBa-HalpaBo
(YCI0BHO) B HampaBJIEHUM MHHHUMAJIBHOTO pa3Mepa M0 KOJUYECTBY Y3JIOB.

Bo3MoXHBI M Jpyrue BapuaHTbl HyMEpalUH Y3JOB TO3BOJISIOMUE SPPEKTUBHO
MCIIOJIb30BaTh KOMaH[bl BBOJIa KOOPJAMHAT Y3J0B M HHAEKCOB 3JIeMEHTOB . Jlns aToro mpu
HyYMEpaluu  y3J0B  IeecooOpa3sHO Y37l € PEeryJsipHOCTbIO ~ BEJIUYMH  KOOPIUHAT
(3aKOHOMEPHOCTHIO B NPUPAILEHUU 3HAUYEHUI) OOBEIUHATH B IPYIIHI Y3JI0B WIN (DPArMEHTHI.

IIpn HyMepanuu 3J1eMEHTOB KOHEUHBIE 3JIEMEHTBI, UMEIOIUE OJMHAKOBBIE )KECTKOCTHBIE
XapaKTepUCTUKU  (OJHOBPEMEHHO OJMHAKOBYIO (OpMy M TIE€OMETPUYECKHE pa3Mephl
MOTNIEPEYHOT0 CEYEHHUsI) TAKXKE 11eTIeCO00pa3HO OObEANHATE B TPYIIBI M HyMEPOBaTh MOAPSL.

B mpouecce dopmupoBaHus MOAENU 1L€IECO00pPa3HO MEPUOJUYECKH OCYIIECTBISAThH
BU3YaJIbHBI KOHTPOJb €€ CTPYKTYPhl M T€OMETPUHU C HCIIOJIb30BAaHHEM I'paUuecKoro pexxuma
OTOOpaKEeHHUSI.
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7.3. UcxopgHble AaHHbIe

B JAHHOM HOI[pEBIIeHe HpI/IBOIISITCSI HCO6XOIII/IMBIG XapaKTepI/ICTI/IKI/I HNCXOOHBIX
HapaMeTPOB, O6’be,I[I/IHeHHI>IXB COOTBCTCTBHUHU CO CTPYKTYp HCXOAHBIX JaHHBIX, CBCACHHUA O
CYITHOCTH MCXOJHBIX MMapaMeTpoB, CIOCO0aX WX ONpPEICIICHUs, HEOOXOAMMOW Pa3MEPHOCTH
BCIIMYHH.

7.3.1.KoopauHaTtbl y3510BbIX TOYEK

Koopaunarel y3moBbix Touek KO-momenu rpynnupyroTcss B OTIEIbHYIO 3aIllCh

MPEIHA3HAYECHHOT0 JJIsl HUX THUIIA. OTtcyeT KOOpAUHAT Y3JI0BbIX TouekK (y3510B) KO-monenn
BeleTcsl B MoOanbHOM  (oOmiel i Bcell KOHCTPYKLHMH) CHUCTEME KOOpAWUHAT —MpaBoOu
JIEKApTOBOM. Koopmunarer X, Y, Z 3amaroTcs IIOCIENOBATEIbHO B MM II0 IOPSIKY

HyMepaluu y3J10BbIX ToueK. Ilpu Hymepamnuu y3noB cieqyeT UMETh B BUJY, YTO IIPU BBOJE
KOOpJMHAT y3JI0B B TEKCTOBOM PENAKTOPE IPEIYyCMOTPEHbI KOMaHAbl BBOJA M KOPPEKLUU
KOOP/AMHAT OTJENbHBIX Y3JIOB, TPYNN Y3JIOB IyTeM IyOiupoBaHus umeromuxcs. Ilpu stom
BO3MOXXHbl ~ IIOLIArOBOE INpUpAlllEHWE KOOpJUHAT, MOBOPOT BOKPYI, U MacHITaOMpOBaHUE,
[IO3TOMY 11€JIECO00Pa3HO Y37l C PEryJpHOCTHIO BEIMYUH KOOPAMHAT (3aKOHOMEPHOCTBIO B
MpPUpALIEHUH 3HAYEHHUH) OOBEIUHATH B IPYIIIbI Y3JI0B.

7.3.2. CBoucTBa matepmana

MexaHuueckue CBOMCTBa MaTepuana KOHCTPYKIMHM TpYNIUPYIOTCS B 3alUCh
OJTHOMMEHHOI'O THUIA. 3alluCh COIAEPKUT CIEAYIOUIME MEXaHWYECKHE  CBOMCTBAa Marepuaia
KOHCTPYKLIUU:

-IJIOTHOCTb, KI/KY0. M;
-Mo1yJb ynpyroct, Mlla;
-ko3¢¢purment Ilyaccona;
-MoayJb cipura, Mlla;
-K03((UIMEHT JIMHEHHOTO paclIMpeHus] MaTepuana;
-K03(pPHUIMEHT TEIIONPOBOAHOCTH;
-TETUIOEMKOCTb.

[IporpaMma mnpegycMaTpuBaeT BO3MOXKHOCTh pacueTra KOHCTPYKIMH W3 pa3HbIX
MaTepHalioB JJIs OTJEJbHBIX YacTell M umeer 0a3y JaHHBIX IO CBOIiCTBaM Hamboyee YacTo
HCIOJIb3YEMBIX MaTepuasoB (CTallb, AJIOMHHHMEBBIE CIUIaBBI U T.1.) JUISI KOTOPBIX YKa3bIBaeTCs
TOJIBKO HAUMEHOBAHKME MaTepHajla B MEHIO.

[Ipy 3TOM BO3MOXHO 3aJaHME HEJIMHEHHOW 3aBUCHMOCTH MEXIy AepopManusMu u
HanpskeHussMu o = o(¢ ). Ilpu orcyrcTBUM 3TON (YyHKIMH B 3alMCH 3ajjaya BCET/la pelaeTcs
JUHENHO (ympyras), Npu HAIUYUKU — PacuéT JUIsl U3MEHSIOIIMXCS BO BPEMEHM CTaTHMUYECKUX U
JUHAMHYECKHUX Harpy30K BBIMOJIHSAETCS ¢ y4€TOM IlacTuueckux nedopmanuii. Ecnu, nmo xkakum-
au00 MpUYMHAM, HUMeEeTCs HEOOXOTUMOCTh pELIeHHs 33Ja4d B JIMHEWHOM mocTaHOBKe 0e3
yaajJeHusl JaHHBIX O HEeJIMHEHHBIX CBOICTBaX, TO B 3allMCHU aTpUOYTOB 3ajad HEOOXOAMMO 3TO
CIeLUaNbHO YKa3aTh, yOpaB ¢uar yuéra puznyeckoil HETMHEHHOCTH.

AHaOTHYHBIM ~ 00pa3oM  3aJal0TCA  3aBUCUMOCTH  Kod(pduimeHTta  JTUHEHHOTO
paciIMpeHysi, TEIUIONPOBOAHOCTH M TEIUIOEMKOCTH OT TeMieparypbl. IIpu orcyrctBum sTOM
GyHKIMM B 3alMCH 3aJaud pacyéTa MapamMeTpoB TEIUIONEeperayl pelaoTcs JUIsl MOCTOSHHBIX
3HAUEHUHN TEIJIOEMKOCTU M TEIIoNpoBoAHOCTU. llpu 3amaHum — pemieHue BBINOIHSETCS €
y4€TOM 3aBUCUMOCTHU ATHX XapaKTEPUCTUK OT TEMIIEPATypBhl.

Bo3MokHO, Takke, 3agaHue 3aBHUCUMOCTEHl Kod(dHIMEeHTa HM3MEHEHUS MOy
yapyroctd Kg u koddduumenta uzMeHeHUs HanpsukeHud Ko, OmpenensieMblX 0 KPUBOM
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IJIACTHYECKOr0  Je()OPMHUPOBAHUSL OT TEMIEpaTyphl MaTepuana. B 3ToM ciyuae Tekyiiee
3HAUEHHE MOJYJIS YIPYrocTH E7 OIpenessercs B COOTBETCTBUHM C TEMIIEPATypoil snementa T,
BBIPAXKEHUEM

E, = KE(?;)E

rae E - 3amaHHOE IS HOPMAJIBbHOM TEMIIEPATYPhl 3HAUEHUE MOYJI YIIPYTOCTH.

AHAJOrM4YHO, BEJIMYMHBI HANPSHKEHWH, ONpPENEIIeMBIX I10 KPUBOH aeOPMHPOBAHMS,
OMPCACIIAOTCA BBIPAKCHUCM

o, =K, (T, )o(e)

rie o(¢ ) — (QYHKIUA 3aBUCHUMOCTH HalpspDKEHUH OT aedopManuii £ B YyIPyro-
IJIACTUYECKOM 00J1aCTH, 3a/laHHas JJI1 HOpMaIbHON TeMIepaTyphl.

Bce ¢ynkumm 3amarorcs TabauMyHO B BUZAE MNMAp 3HAYCHUH apryMeHTa W (YHKUUU B
MOPsIKE BO3pacTaHUs apryMeHTa.

7.3.3.N'eomMeTpUyeCKMe XapaKTePUCTUKN CTEePXXHEBbIX 3J/IEMEHTOB

CrepkHEBOM 53JIEMEHT OpHEHTUpPYEeTCs B JIOKaIbHOM (MECTHOH) mpaBoil cucrteme
KOOpJAMHAT, B KOTOPOW HayaJl0 KOOPAMHAT PACIIOJIaraeTcsl B IIEPBOM B JIOKAIBHOW HyMEpaluu
y3J1€ y3J€, OCh OX HalpaBlieHa BIIOJIb HEUTpasbHON JHHHHM (OCH) CTEpXKHS, OCb 0) -
TOPU30OHTAILHO, OCh 0z - BEPTUKAIBHO, €CIM CMOTPETh Ha CEUYEHHE B HANpaBICHUH
MPOTUBOMOJIOKHOM OCH OX.

Jlnsi aBTOMATM3aluy MOATOTOBKM M BBOJA JAHHBIX HAWOOJEE€ YacTO BCTPEUAIOLIMXCS
BUJIOB  TMOMEPEYHbIX CEUEHUI CTep)KHEl chopMuUpoBaHa Tak Has3biBaeMas  OuOIHMOTEKa
TUIIOBBIX CEYEHWH, IMOITOMY CEYCHHS YCJIOBHO JCNATCS HAa THUIOBBIE M yHUKAaJbHEIC.
TuUnoBbIMU  Ha3bBIBAIOTCS UMEIOLIMECS B OMOIMOTEKE TUIOBBIX ceueHud . Jlas JaHHBIX
DIIEMEHTOB YKa3bIBACTCS TOJBKO THII CEUCHHS] M HEOOXOAMMBIE T€OMETPHUYECKUE pa3Mephl
(pa3MepHOCTh BEIMYUH - MM). PacdyeT reoMeTpHYecKHX XapaKTepUCTUK IPOU3BOIAUTCS
IPOTPaMMHO, T.€. HET HEOOXOJMMOCTH HMX TPEIABAPUTEIHHO BBIYUCIATH. [HIIOBBIE CEYCHHS,
uMeromuecss B OMONIMOTEKe, YCIOBHO MOXHO  pasfaenuTh Ha mpoctele ( Puc. 7.1.) ,
cTa"gapTHble (puc. 7.2.au 0) U cocraBHble U3 mBeuiepa u gucta (Puc. 7.2. B - n). Cnenyer,
TakXe, UMETh B BHUJIy UTO 3TUX JJIsI CEUEHHH JIMCT CUMTAETCS CUMMETPUYHO PACIHOI0KEHHBIM
OTHOCHUTEINIbHO ceueHusi. Habop mapameTpoB, HEOOXOIUMBIX JJIs ONUCAHUS TUTIOBBIX CEUCHUI,
SCEH U3 PUCYHKOB.
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Puc.7.1. TNpocTtble TUNOBbIE CeyeHunst: a - kpyr; 6 - Tpyba; 8 - NPsIMOYronbHUK; 2
- NONbIN NPSAMOYroNibHUK; O - ABYTaBp; € - TaBp; X - ABa NPSMOYrofibHUKa; 3 -
LIBENNEep; U - Yronok; K - Nonbii poM6; 11 M - Kpyr n Tpyba ¢ BepTUKanbHbIM Nasom
COOTBETCTBEHHO.

Vka3aHHas Ha pUCYHKaxX OpPHMEHTALUs IONEPEUYHBIX CEYCHWM B JIOKAJIBHON CUCTEME
KOOpJAMHAT OTJIMYaeTcss OT NpuHATOM B HopMaTuBHBIX JokyMeHTax ('OCT, OCT wu T.m.).
CooTBeTcTBHE OCEN ClIEYIOLIEE:

I'OCT - ocb OX - B mporpamMme — oCb 0y ;
I'OCT - ocb OY - B nporpamme - ocb 0z .

Ecnn opueHTanus ceueHuil oTiIn4yaeTcs OT NPUBEICHHON HAa PUCYHKaX TO JUISl CTEPIKHEN
3aJlaeTcsl Yroj IMOBOPOTa JIOKAJbHOW CUTEMbl KOOPAHWHAT OTHOCHUTEIBHO BCIOMOTATEIbHOM.
Hanpumep, st ceueHusi, NMPEACTAaBIECHHOIO Ha puC. 7.2.€. NpPU PACHOJOKEHUU  JIMCTa HE
CBEpXy, a CHHU3Y, 3a/laeTcsi THUIl MPUBEJECHHOrO B TaOJMIle CEYeHHUs, HO Ui DIIEMEHTOB
YKa3bIBAa€TCsl YroJ IOBOpOTa cedeHus paBHbIi 180 rpamycos.
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Puc. 7.2.CtaHgapTHble M cOoCTaBHble TUMOBblE ceyeHus: a - asytasp OCT
8239-89; 6 - weennep NOCT 8240-89; 8, 2, 0, 3, U, - cocTaBHble NpodUIn 13
LLUBENNEPOB M NINCTA; 2 1 X - COCTaBHble Npocmnun 13 AByx weennepos. Pa3smepbl B*,
H* n S* - cnpaBoyHble 1 onpeaensatoTca BolbpaHHbiM 13 TOCTa npodunem.

Crnenyer UMETh BBUY, YTO OUOIMOTEKA CEUCHHM MOCTOSHHO TOTIOTHAETCS, U €€ TeKYIIee
COCTOSTHUE CIIeyeT YTOUHUTH U paboTe ¢ mpOrpaMMoOi.

Jlnsi yHUKaJNbHBIX CTepKHEBBIX KD mpenBapuTenbHO BBIUUCISIOTCS W BBOJSTCS B
COOTBETCTBYIOIIEH 3amUCH Habopa JAaHHBIX CIEAYIONIMEe TEOMETPHUYECKHE XapaKTePUCTHKU
CEUEHHUS:

-rnomans (F), Mm2;

-IOJIAPHBIHA MOMeHT uHepuun (Jy), Mm?;

-MOMEHT MHEPILHH TIPH U3THOE B IIOCKOCTH X0z (J,), MM*;

-MOMEHT MHEPIUH TIPU U3THOE B IIOCKOCTH X0y (J-), Mm?;

-KOJIMYECTBO TOYEK CEUYEHHS, B KOTOPBIX OYAyT OMpenesaThCsl HampsHKEHUs (Kak
MpaBUJIO0, ATO XApPAKTEPHBIE - MPEANOJIOKHUTEIBHO OMACHBIE C TOYKH 3PEHHS HAINPSHKEHHOTO
COCTOSIHUS - TOUKH).

Jlalee B COOTBETCTBHUHM C MOPSAKOBBIM HOMEPOM JIUISI KaXKAO0W m - W OMacHOM
touku (m =1,2,3,...N, N - 9HiCII0 OMACHBIX TOYEK, 3aJJAHHBIX JJIsl CEUCHUs1) 3Aat0TCsI:
-KOOpJMHATA ), MM;
-KOOpJIMHATA Z, MM;

-K03(pPUIMEHT HAIPSKEHUHN Kpym, CBA3BIBAIOIINHN KacaTeIbHOE HATIPSKEHHSI B INIOCKOCTH
xoy (7'xy) C Iepepe3bIBaOIIEN CHIION  py BBIPAXKEHUEM T'xy =Py Kpym ;

-KO3(OUIMEHT HANPsDKEHUH  Kpzm, CBS3BIBAIOLINIM KacaTelIbHOE HANpsDKEHUS B
TJIOCKOCTH X0z (7x;) C Iepepe3bIBAOIIEH CHIION p. BBIDAKEHUEM T'x; =pP: Kpzm;

-KO3(pQUIMEHT HANpsKEHUN Kmym , CBSI3BIBAIOIIMM KacaTeJIbHOE HAIpsDKEHUS B
nockocTH X0y (7™xy) ¢ KpyTAIIIM MOMEHTOM 711, BEIpAKEHHEM T'xy =nix Kiym ;
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-KO3(UIMEHT HANPSHKEHUH  Kinzm, CBSI3BIBAIOIIUI  KacaTelbHOE HANpPSDKEHHUS B
w10ckocTH X0Z (79x;) ¢ KpYTAIMM MOMEHTOM 771y BBIDAKEHHEM 7x; = My Kinzm ;

ITpu BbIOOpE MOpsIIKa HyMEpaLUu TOYEK CIeAyeT UMEeTh BBHUJY, YTO IPU IpaduuecKoM
0TOOpaKeHNH YHUKAJIbHOE CeueHHe OyJeT 0TOOpaKaThCsl KOHTYPOM, COSAMHSIONINM BBEICHHBIE
TOUYKU B MOPAJKE UX HyMEpaLUH, I0ITOMY C TOYKU 3PEHMs HArJSAHOCTH M300paKeHUS TOUKH
1enecoo0pa3Ho HymMepoBaTh BHIOpaB Kakoe JHOO HampamieHHe 00XoJa 1Mo KOHTYpPY (MO- HWIn
IIPOTHB YaCOBOU CTPEIIKH).

s pacy€ra CTEpKHEBBIX KOHCTPYKLHH B IIPOrpamMMe IMPeLyCMOTPEHa BO3MOXKHOCTb
OIIpENICJICHUs] T€OMETPHUECKUX XapaKTePUCTUK CEYEHHMH cTepykHeW (IUIoIagu, MOMEHTOB
MHEpUUH U KO3(PPUIMEHTOB HANPSHKEHUH ) 0 00BEMHBIM MoaeisiM. st aToro ¢opmupyercs
JOCTaTOYHO MOAPOOHAsi ¢ TOYKU 3PEHUs ONPE/ENEeHUs HANpsSHKEHUH MOJEIb Y4acTKa CTEPIKHS.
ITpu sTom Hampasnenue ocu OX e€ Tr100ambHON CHCTEMBI KOOPAWHAT JOJDKHO COBMANATh C
HaIIPABJICHUEM OCH OX JIOKAJIbHOW CHUCTEMOM KOOpAMHAT crepxkHs. llpuMepHo mnocepenuue
CTEpXHS YKa3bIBalOTCS IPEIIOJaraéMble OIAcHble TOYKU ceueHus. llimomans M MOMEHTHI
UHEpPLUMM M HANpaBICHMs TIJIABHBIX OCEM HWHEPLUUU ONPEHEIAIOTCS U3 T€OMETPUYECKUX
cooOpaxxenmii. B  xome BbuuCIEeHHH KOI(OUIMEHTOB HANPSKCHWH  ABTOMATHUECKH
3aKpEIIETCS OAWH U3 KOHLOB MOJEIN CTEPXKHs, a K APYroMy IOOYEPENHO NPUKIIAIABIBACTCS
€IMHUYHBIE Nepepe3bIBAIOIINN CUIIbl B HanpaBiieHuu ocet OY u OZ (mepepe3bIBaIOIINE CUIIbI)
U KPYTSLUI MOMEHT OTHOCUTeNbHO ocu OX rinobaibHOM cucteMbl koopauHat. IIporpammoii
JUIS KaXJIOM M3 HArpy3oK peliaercs 3ajadya OINpeesieHUs NEepeMELICHUN NpU CTaTUYECKOM
Harpy>KeHUU M BBIUUCIISAIOTCS KOMIIOHEHTBI KacaTEJIbHBIX HANpsDIKEHUI OT IEpepe3bIBaroIIMX
CHJI 1 MOMEHTOB, KOTOPBIE, 3aTE€M, M HCHOJB3YIOTCSA KaK KOX(PPHUIIMEHTH! HAIPSKEHUH.

Puc. 7.3.0npegeneHne xapakTepucTuk ceveHnd no obbEMHOM mogenun: a —
nogpobHasa mMoaernb CTEPXKHA U €€ opueHTauus B rnobanbHON CUCTEME KOOpIHHAT, 6 —
I/I306pa)KGHI/Ie C(i)OpMI/IpOBaHHOFO CCUCHUA B CTep)KHeBOﬁ MOJCI/IN, l — omnacHble TOYKH
CCUCHHUSI.

[Tocne BBIMIOJNIHEHUSI BBIYUCIEHUN HAOOp JaHHBIX HEOOXOAMMO 3amucarh B Kakoi-1u0o
¢aiin. 3aTem, B Xo1€ (OPMHUPOBAHHUS CTEPKHEBOM MOJIENHN MIPU 3aJJaHUN XapPAKTEPUCTUK CEUECHUS
CllelyeT yKa3aTh, 4YTO XapaKTEPUCTUKHU CEYEHMs] UMIIOPTUPYIOTCA U3 JIpyroro ¢aiiia u BBECTU
ums (Qaiina, Kya ObUIM 3aIICaHbl JJaHHBIE.

Kak u mnpu HemocpeICcTBEHHOM BBOJIE YMCIOBBIX JIaHHBIX, MpPU BbIOOpE MOpsAIKa
HyMEpaluu TOYEK cJeyeT UMETh BBUJY, UYTO MpPH rpaduueckoM OTOOpaXEHUHU ceyeHue Oyaer
0TOOpaxkaTbCsi KOHTYPOM, COEIMHSIIOIINM BBE/IEHHBIE TOUKH B MOPSAJKE UX HyMepaluu, IO3TOMY
C TOYKH 3pEHUS HarJSAHOCTH M300paKeHUsI TOUKH 11eJIecO00pa3HO HyMEpOBaTh, BEIOPATh Kakoe
60 HanpasieHue 0oxoaa. OnacHble TOYKU yo0HEee BBOAUTD B rpapuuecKkoM peaaKTope.
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7.3.4. lononHuUTenbHbIe XapaKTepUCTUKN CeYEeHUN

3anuch JaHHOTO THIIA COJACPXKUT  JIOTIOJIHUTENBHBIE XapaKTePUCTUKU  CEYCHUH
CTepKHEH, He0OXOAUMBbIE JJIsl BHIUUCIICHUS pacIpe/ie]IeHHbIX Harpy3ok. B 3amucu comeprxarcs
NpUBEICHHBIN K03 duimentT BeTpoBoil Harpy3ku Cpp, JTOMOIHUTEIbHAS Macca W MOMEHTHI
MHEpLHH, TIPUXOAAIIUEcs HA EAMHUIYY JJIMHBI CTEpXKHsA (KI/M M KI' M?/M COOTBETCTBEHHO).
JlonomHUTEbHBIE MHEPLIIMOHHBIE XapaKTEPUCTUKU MPEAHA3HAYCHbI ISl MPUOIMKEHHOTO y4yeTa
Pa3IMYHOTO poja MOKPBHITUN U MPUCOEIWHEHHBIX AeTajeil, He BIUSIOIUX Ha €ro >KeCTKOCTb,
HO MMEIONINX Maccy, TpeOyoIyo ydeTa MpH HaJIMYUU MHEPIMOHHBIX HArpy30K (00eaeHeHne
U T.IL).

[TpuBenennblii K03 PHUIUEHT BETPOBOW HATPY3KH Kyp CTEpKHEH HCIONB3yeTCs s
ompeziesieHus] BEJIMYMHBI pacIpeIeIeHHON Harpy3Ku BbI3bIBaeMoi feiictBueM Betpa. [Ipu aTom
CKOPOCTh W HAIlpaBJICHUE BETpa 3aJacTCsi B COOTBETCTBYIOIICH 3aIlKCH. [IpuBeneHHbII
KOA(G(UIIMEHT BETPOBOM HArpy3KHU CBS3bIBACT BEIMUMHY HArpy3Kd, MPHUXOMAAIIYIOCS Ha
€IMHUILY JJIMHBI CTEPKHS, CO CKOPOCTHIO BETPa BBIPAKEHUEM

gs = Cup V7,
II€ ¢ - BEJIMYMHA HArpy3KH, IPUXOAIIeica Ha eAMHULLY JUTMHBL cTepkHs, H/M;
Vo - ckopocTh BeTpa Ha JaHHOH BBICOTE, M/C .
B o0miem citydyae cratuueckasi COCTaBISIIOIIAsE BETPOBOM HArpy3Ku — OIpelessieTcs B
H o dpopmyne
P=0Q ,
rne Qs = Q ks ca - pacupeieieHHOE JaBJIEHWE BETpa B JIAHHOW 30HE BBICOTHI HAJ
TIOBEPXHOCTBIO 3eMJIH, H/M %;
O = V#/1.6 - nuraMudeckoe JaBleHue BeTpa, 11A;
ks - k03 uLMEHT, yIUTHIBAIOIINK U3MEHEHUE IMHAMUYECKOTO MIaBIICHHS BETpa IO
BBICOTE;
Ca - KOO PUIIUEHT adpOJMHAMUYECKOTO COMIPOTHUBIICHNUS,
Fluas, =Lc he - HaBeTpeHHas TOBEPXHOCTb,M**2 ;
L¢ - nnvuHa CTEpKHSA, M ;
he - MakcuManbHas BbICOTA (IIMPUHA) CEUCHUS CTEPKHSA, M.
Torna Cp=ks ca he /1.6.
B 3aBucuMocTH OT BHAAa DJIEMEHTOB KOHCTPYKIIMH BEIHUMHY Kod(dduimenrta
A>POJIMHAMHUYECKOTO COTPOTHUBICHHUA C,  PEKOMEHIYeTCS TPUHHMATh B COOTBETCTBUHU C
naHHeIMA Tabm. 7.3.1.

KoaddunmenT aspoamHaMiuueckoro ConpoTUBIIEHUS Tabnuya 7.3.1.
Ne Koapduunent
n/m Buj snemMenTa KOHCTPYKIIMA a’pOIMHAMUYECKOTO
COIIPOTHUBIICHUS
1 bajka ¢ BbICTyNaonMMH MOsiIcaMu M Hapy>KHBIMU peOpamMu 1,6
2 [Tnockast pepma u3 IpsIMOYTOJIbHBIX Mpodueit 1,6
3 KopoGuarast KOHCTpYKLIUS C TJIAAKUMH HApY>KHBIMH 1,2
MTOBEPXHOCTSIMHU
4 Konctpykuust u3 Tpyd B 3aBUCHUMOCTH (V%/1.6 )D?
ot napamerpa ( V%/1.6 )D?, <5 1,2
rae V - CKOpocTh BeTpa, M/c, 5-8 1,0
D - nmameTtp TpyOsI, M, 8-15 0,7
BBICOTa HaJ| MOBEPXHOCTHIO 3€MJIM HE 15-25 0,5
6omee 10 m. 25-100 0,6
100-1000 0,7
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[Tpu pacdeTHOI BBICOTE paCHONIOKEHUsT KOHCTpYKIuU Oomnee 10 M M3MeHEHNE BEIUYUHBI
kod(durmenta k HEOOXOAMMO KOMIIEHCHUPOBATh HJICHTUYHBIM YBEIUYCHHEM ( TT0 CPAaBHEHHIO C
TaOJMYHBIM 3HAYEHUEM) BBOAMMON BenW4YMHBI Kodpduuuenta ¢, / 8,9 m 10 /. Benuuuna
kod(duimenta k& mpuUHUMAETCSA, OOBIYHO, PAaBHOM €IMHHMIIC, T.C. JUIS BBICOTHI HE Oosee 10 M.
BennunHa HaBEeTPEHHOW IMOBEPXHOCTH ONpEACNSETCS MPOrPaMMHO IO BBEACHHBIM paHeEe
reOMETPUYECKUM XapaKTEPUCTHKAM 3JIEMEHTOB (CTEPIKHEN).

[Ipu pacuere KpaHOBBIX KOHCTPYKIMH  OOIIEro Ha3HAYCHHUS, YCTAHOBJICHHBIX B
paiioHax 0e3 cHenu(pUUYEeCKUX KIMMAaTUYECKUX YCIOBUN, pEKOMEHAYETCSI IPUHUMATh CKOPOCTh
BeTpa Ha BbIcoTe HEe Oomee 10 M Hax MOBEPXHOCTHIO 3€MJIM Ui PabOYero COCTOSIHHA
KOHCTpyKIuu 14 M/c, mist Hepabouero - 27 m/c.

3aBUCUMOCTh MEXAY 4YHuCIoM OamioB mo mkaine bodopra, HauMEHOBaHMEM CHIIBI
BETpa U IpeIelIbHON CKOPOCThIO BeTpa (M/c) Ha BhicoTe 10 M mpencraBiena B Ta61.7.3.2.

B kaxnoW  KOHKPETHOM  3allUCH JAaHHOIO THUIIA IPUBOJUTCA OJHA BEJIMYMHA
kod¢dulrenTa, OJUHAKOBAs Ui BCEX CTEPIKHEH, MHIEKChI KOTOPBIX OMUCAHBI B CIEIYIOIIMX
10 PACIIONIOKEHHUIO B HA0OPE JaHHBIX 3aIHCSX.

Tabn.7.3.2

bann Hanmenosanue CkopocTb, M/cC

0 [ tune 0.2

1 Tuxuit 1.5

2 Jlerkuii 3.3

3 CnaOprii 5.4

4 YMepeHHblit 7.9

5 Cexuit 10.0

6 CuIIbHBIN 13.8

7 Kpenxknit 17.1

8 O4eHb Kpenkun 20.7

9 [IItopm 24.4

10 CupHBINA IITOPM 28.4

11 KecTokuit mropm 32.6

12 VYparan >32.6
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7.3.5. CTep>XHeBble 3N1IeMEeHTbl

OnucaHust 3JIEMEHTOB JAaHHOI'O BHUJA TPYNIMPYIOTCS B TUIIOBBIE 3alMCH, Kaxaas W3
KOTOPBIX 00BbEIUHSET ONUCAHUSI HECKOJIBKUX IEMEHTOB.

Jiis onrcanus kaxxaoro u3 KO B o0miem ciydae HEOOXOAMMO yKa3aTh:

- HOMEpa CBSI3bIBAEMBIX UM Y3JIOB, a IIPU OPUEHTALIMK CTEPXKHSA 110 TPEM y3JIaM TaKxKe U
HOMEp y3J1a, OPUEHTUPYIOIIETO €0 BCIIOMOTraTeIbHYI0 CUCTEMY KOOPAMHAT;

-CIIOCOOBI COEMHEHMs C APYTUMH JIEMEHTaMU B KaXXKIOM M3 CBA3BIBAEMbIX Y3JIOB
(LLIApHUPHO WJIN JKECTKO);

-yrojl MOBOPOTa JIOKAJIbHON CHCTEMBl KOOPJMHAT OTHOCHTEIBHO BCIHOMOTraTeIbHOU
CUCTEMBI KOOpAMHAT;

-CMEIIIEHUsI HEUTPaJIbHON OCH CTEp:KHA B y3JaX B HAIIPABJICHUM OCEH BCIIOMOIAaTeIbHOM
CUCTEMBI KOOPAMHAT (3KCLIECHTPUCUTETHI);

-paccTosIHUA OT Y3JIOBBIX TOUEK J0 ONACHBIX CEUEHUI.

[lo yMonyaHuiO 3HAa4YeHMsI BCEX IEPEUMCIICHHBIX M1apaMeTPOB MPUHHUMAIOTCS PaBHBIMU
HYJTIO.

[Ipn BBOAE NAHHBIX C HCIOJB30BAaHHWEM TEKCTOBOI'O pPEAAKTOpa 3HAYEHHsI MapaMeTpoB
IpEeBapUTENLHO ONPEAEISIOTCS U BBOAATCS B BUJE KOHKPETHBIX YUCIOBBIX BenuyuH. [Ipu sTom
IPEyCMOTPEHBI CJAEAYIOIINE BUIbl ONEparLHii:

- BBOJI UHJEKCOB U IIapaMETPOB JIEMEHTOB;
- BBOJI MH/IEKCOB U ITapaMeTpOB JyOIMpPOBaHUEM C 33]JaBa€MbIMU BETUUMHAMU
MPUPAIICHHIT;
-yJaJIeHUue YacTu JAHHBIX.

IIpu omucaHuyM M BBIIOJHEHMH ONEPALUil UCHOJIb3YETCsl TEPMUH "HOMEp 3jeMeHTa",
[0/l KOTOPBHIM IOHHMMAETCS IMOPSIIKOBBI HOMED JIEMEHTA B IAHHON KOHKPETHOM 3aluCH.

[Ipn onucanuu omnepauuu AyOJUPOBAHUS UCHONB3YIOTCS TEPMHUHBI "IyOnupyemslil" u
"cayonupoBanHbIi" 31emeHT. [lox "ayOGmupyeMbIM" MOHUMAETCS 3JEMEHT, JaHHBIE O KOTOPOM

YK€ BBEJIEHBl U K MOMEHTY Haudajla JaHHOHI ornepanuy HaxoAATCs B COOTBETCTBYIOLIEH
3anucu. [lox "cnyOmupoBaHHBIM" TOHUMAETCS IEMEHT, MHpOpMaIus 0 KOTOpoM (hopMUpyercs
B TIPOLIECCE BBINOJIHEHMS IAHHOM OIEPALUH. [TooToMy mpu HaJIW4YMKM PETYISIPHOCTH B

HYMEpAaIWH y3JI0B HET HEOOXOJMMOCTH BBOJUTH HOMEPA Y3JIOB JIJISl KAXK0T0 dyieMeHTa. OOBIaHO
BBOZATCSI HOMepa y3710B it ogHoro KO wnu rpynmnet KD, koTopsie 3aTeM AyOnupyroTcs Hy>KHOE
YHUCIIO pa3 ¢ 33J]aBaeMbIMH TIPHPAIICHASIMA 3HAYCHU HOMEPOB Ha IIare JyO0InpoBaHUS.
[Ipy BBOAE M KOPPEKUMU MAAHHBIX C HCIOJIB30BaHHEM TIpaUUecKoro penakTopa
BO3MOXKHO OTIpEJICIICHUE YKCIIEHTPUCUTETOB ITyTEM 3aJIaHUsI CMEIICHUH KPAWHUX TOUYEK CCUCHHS
CTEpPXKHS OT OCH 0X BCIIOMOTATeIbHON CHCTEMbI KOOPAMHAT (TMPSAMOI, TPOBEACHHOMN Yepe3 y3JIbl
CBSI3IBAEMBIE DJIEMEHTOM).
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7.3.6. TMOKMe HUTH

Onwucanus >I€MEHTOB JAaHHOTO BHJIA TPYIIUPYIOTCS B TUIIOBYIO 3aHCh, B KOTOPOH , 7St
BCEX AJIEMEHTOB 3a/1al0TCA OJUHAKOBBIC 3HAUCHUS YCWIMM MpeIBapUTENbHOrO HATsXKeHUs Po
(H) u gononHuTenbHOM MNOTrOHHOM Macchl M (Kr.M), C MOMOIIbIO KOTOPOH BO3MOXHO OMHUCATH
pa3iauyYHble TOKPBITHS, YIPYTOCTh KOTOPBIX Maja, a Macca W BeC BIHUAIOT HAa BEIUYUHY
MOTOHHOW HArpy3KH (OIUIETKH, TTOKPBITHS, 00JIeICHEHNE | T.I1.).

Bennuuna ycunus npeaBaputenbHOro HaTskeHus P, ompenensercsa B H o dopmyine

P, = E*F*(L-D)/L,
rae E - monynb ynpyroctu, Mlla;

F - nyomaap nonepevyHoro Ce4eHus 31EMEHTa, MM

L - nmuHa a51eMeHnTa (THOKOM HUTH), MM,

D - paccTosiHEE MEXy TOUYKAMH [T0/IBECa 3JIEMEHTA, MM.

B yacTHOM ciiydae BenrurHA IPEIBAPUTEIHLHOTO HATSHYKEHUS MOXKET PABHATHCS HYJIIO.

Hywmepanus y3710B 31€MeHTa MOXET YKa3blBaThbCS IPOU3BOJIBHO, HO PEKOMEHYETCS
MOCIIE0BATEIBHOCTh HAa4yallo - KOHEIl 3JieMeHTa (OT y3/1a ¢ MEHBIIUM HOMEPOM K OOJbIIEMY).
[Ipy 5TOM TPUBOAWTCS TaKKe BEIUYMHA IPEIBAPUTEIBHOTO HATsDKeHHs B H,  KoTopas
CUMTACTCS] OJJUHAKOBOM ISl BCEX 3JIEMEHTOB, OMICHIBAEMBIX B JAHHOMW 3aIHCH.

Tak ke Kak W JJIs CTEPXKHEBBIX DJIEMEHTOB, MPHU BBOJE NAHHBIX C HCIOJIH30BAHUEM
TEKCTOBOTO pEJaKTOpa IMPEeAyCMOTPEHbI OMepanuu IyOJupoBaHHs HOMEPOB Y3JIOB paHee
BBEJICHHBIX DJIEMEHTOB C IIPHPAIIECHUSIMI HOMEPOB Ha IIare AyOJUpOBaHMS, yIAICHUS TaHHBIX U
T.1. B omHOM 3anmucu MOTyT coiepKaTbCsl TaHHBIC I HECKOIbKUX 3JIEMEHTOB.

2.
5

7.3.7. HeypnepxuBarowime cBsi3n

Onucanust 31€MEHTOB JJaHHOT'O BHUJA IPYIIIUPYIOTCS B TUIIOBYIO 3allUCh, IZle JUI BCEX
3JIEMEHTOB OINKCHIBAEMBIX B KOHKPETHOM 3amucu 3ajatorcs BeauunHbl K u n (em.nm.3.3.7.), a
JUI KKJOr0 3JIEMEHTa B 3alMCH YKa3bIBalOTCS IJI00ajlbHble HOMEpA CBSA3BIBAEMBIX Y3IJIOB, U
BEJIMYMHA HA4YaJIbHOTO 3a30pa B CBs3U (B MuiuinMerpax).  KonkperHble 3HaueHusa K u n g
HauOoyiee 4acTO  BCTpEYAIOIIMXCS  CIIy4yaeB  MOXKHO  ONpeAenuTb 1o  (dopmyiam,
pexomennoBaHHbIM B / 11,12,13 u ap./ . Tak e Kak U AJisl CTEPKHEBBIX IEMEHTOB MpPU BBOJE
JAHHBIX C HMCIIOJIb30BAaHMEM TEKCTOBOI'O PEAAaKTOpa MPelyCMOTPEHBI Omepanuu AyOIupoBaHUs
HOMEpPOB Y3JIOB paHee BBEJCHHBIX OJJIEMEHTOB C MpUpAIIEHUSMU HOMEpPOB  Ha Liare
OyOnmupoBaHMs, YyJaJe€HUs MJaHHBIX M TJA.. B ogHOM 3amucu MoXKeT OBITh ONHCAHO
HEOrPaHWYEHHOE YMCIIO 3aMMUCEN ¢ OAMHAKOBBIMU NapameTpamu K, n u D,.

7.3.8. CBA3U KOHEYHOW XXEeCTKOCTU

OmnuncaHust 2JIEMEHTOB JAHHOTO BHJA TPYNIUPYIOTCA B THUIOBYK 3aIlHCh,
OOBETUHSIONIYIO ONUCAHHUsSI HECKOJBKHX 3J1eMEHTOB. CBs3b OINpenenseT COeIMHEHHE JBYX
Y3JIOB, i1 KOTOPBIX 3aJal0TCAd XapaKTEPUCTUKU JIMHEWHOW W YIVIOBOM JKECTKOCTH B
HaNpaBJICHUU KOOPIMHATHBIX OCEH II00aIbHONW cHCTeMBbl KoopauHat. [l JaHHOTO AyeMeHTa
3a/Ia0TCS IIPUBEJICHHBIE )KECTKOCTH M HOMEPA Y3JIOB CBS3BIBAEMBIX AJIeMEHTOM. [IprBeneHHbIE
xkecTtkoctd Ky, K, u K. ONHCHIBAIOT CBOMCTBA 3JIEMEHTA CONPOTUBIATLCA OTHOCUTEIBHOMY
CMELICHUIO CBA3BIBAEMBIX Y3JIOB B HAIIPaBICHUU COOTBETCTBYIOIIMX KOOPJIMHATHBIX OCEH.
[IpuBeneHHbIE YIJIOBBIE xkectkocth  Kpi, K U Kp ONUCBIBAIOT CBOMCTBA DJIEMEHTA
CONPOTHUBIIATECSI OTHOCUTEIIBHOMY IIOBOPOTY CBSI3BIBAEMBIX Y3JIOB BOKPYT COOTBETCTBYIOIIHMX
KoopauHaTHBIX ocell. 3Hauenus K, K, um K:3anatorcs B H/M, a Kg, Ky u Kz B H M/pan.

Tak e Kak W s CTEp)KHEBBIX JJIEMEHTOB IIPU BBOJAE JAHHBIX C HCIOJIb30BAHHEM
TEKCTOBOT'O peJlaKTopa MpelyCMOTPEHBI ONepaiy AyOJIupoBaHUs HOMEPOB Y3JI0B M 3HAYCHUH
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apaMeTpoB paHee BBEACHHBIX AJIEMEHTOB C MPHUPAILICHUSIMA HOMEPOB Ha I1are 1yOJIMpOBaHMUs,
yZIaJeHUs JaHHBIX U T.1..

7.3.9. NMnacTuHbI

B nporpamme peanuzoBansl KD Tuma miockux YETBHIPEXYTOJIbHBIX IUIACTHH,
UCTBITHIBAIONINX JAcPOpMaIN PACTSHKCHHUS-CKATUS W HM3TH0A MPU ITUIOCKOM HAMPSKECHHOM
COCTOSHUM B IUIOCKOCTH MX JIOKaJBbHOM cUCTeMbl KoopAuHar. Ilpu HEoOXOaMMOCTH MOTYT
BBIPOXKJIATbCSL B TPEyroibHUKU. OpueHTauus B MPOCTpPaHCTBE IPOU3BOJbHAs. JlokanbHas
HyMepalusi y3JI0B  d3JeMEHTa  OCYLIECTBIAETCS IO 4acoBod  cTpeinke. Omnwucanue
paccmarpuBaeMblx KO 1Ipou3BOOUTCS IyTEM IOCIIENOBATEIbHOIO 3aJaHUsl HOMEPOB Y3JI0B
aneMenTa. Jlyig TpeyrojabHBIX IIJIACTUH 3HAUYEHUsT HOMEPOB "coceAHHX " y3/0B yOIupyroTCH,
T.€. HOMEp OJHOTO U3 y3JIOB ITOBTOpsieTcs. TounluHa IUIaCTUH 3a1aeTcsl B MM, U IPUHUMAETCS
OJIMHAKOBOM /ISl BCEX IUIACTHH, OMUCHIBAEMBIX B OJHOW KOHKPETHOW 3amucH. Tak ke Kak U
JUISL CTEPXKHEBBIX AJIEMEHTOB IPU BBOJE JAHHBIX B TEKCTOBOM PEIAKTOPE IMPEAYCMOTPEHBI
orepanuu AyOIUpOBaHUS HOMEPOB Y3JIOB PaHEe BBEJIEHHBIX AJIEMEHTOB C MPUPALICHUSIMU
HOMEpPOB Ha miare AyOonupoBaHus U T.1.. OObeMHEHUE JIEMEHTOB B 3aITUCH TPOU3BOAUTCS IO
YCMOTpEeHHIO Toib30oBatTens. OmnucaHus IJIACTUH TPYNIUPYIOTCS B ClelUalbHbIe TUIIOBBIC
3aMMcH, CoJIepKallie TOJIIMHY U UHIEKCHI 3JIEMEHTOB.

7.3.10. O6bEMHbIE 3N1eMeHTbI

OOBbEMHBIE 3JIEMEHTBI C BOCBMBIO Y3J1aMH (TeKca3pbl OOLIEro BUA), BBIPOXKIAIOIIHNECS,
pU He0OXOAUMOCTH, B JIEMEHTHI C MEHBLIMM YUCIOM Y3JI0B (10 YETBhIpEX - TeTpa’Apbl OOIIEro
BrJa). OnucaHus 3J1EMEHTOB JJAaHHOTO BHJIa IPYNIUPYIOTCS B TUIIOBYIO 3aIIUCh, O0bEINHSIOLIYIO
OINMCAHUS HECKOJIBKUX JIEMEHTOB.

Onucanne o6beMHbIX KO npousBoautcs MyTeM MOCIEI0BATENbHOTO 33aHUsI HOMEPOB
Y3JIOB IIOCJIe BBIOOPA 32 OCHOBHYIO NPOU3BOJIBHON TpaHM 3jeMeHTa. BepxHuil neBblil y3en
"ocHOBHOI" rpaHu (Ipu B3MUIJIE€ HA HEE CHApY)XH DJJEMEHTa) NPUHUMAETCs B KadyecTBe
IIEPBOrO, BEPXHUM NpPaBbI - B KAYECTBE BTOPOrO, HWKHUM MpaBbIli - B KAUECTBE TPETHETO,
HIDKHUM JIEBBIN - B KQU€CTBE YETBEPTOTO (T.€. y3JIbl HYMEPYIOTCS 110 4acoBOM cTpenke ). Jlamee
AQHAJIOTMYHO HYMEDPYIOTCS OCT@JIbHBIE YETBHIPE y3Jla, OrPAHUYUBAIOLIUE JPYryH0 TIpaHb, HE
CMEXHYIO ¢ "ocHOBHOM". [Ipy 3TOM, NepBBIH M MATHIM y3JIbI JOJKHBI  OBITH CBSI3aHBbI
peOpoM M, aHAJIOTHYHO, BTOPOM M  IIECTOM, TPEeTHUH M CeIbMOM, YeTBEpTHIH U  BOCHMOM
Jnst BBIPOKIEHHBIX OOBEMHBIX DJIEMEHTOB (YHCIIO Y3JI0B MEHBIIE BOCHMH) TyOIUPYIOTCS
COOTBETCTBYIOIIME 3HAYEHUS HOMEpOB ''cocenHUX" y3/I0B, T.€. HOMepa 'NMHIIHUX" Y3JI0B
NOBTOPSIIOTCS . Tak ke Kak U JuIsl APYTUX 3alucell aHaJOTUYHOIO TUIIA NTPU BBOJE JIaHHBIX B
TEKCTOBOM DEJaKTOpe NpPeAyCMOTPEHBI OmNepalnuu AyOJUpOBaHMS  HOMEPOB Y3JI0OB paHee
BBEJICHHBIX 3JIEMEHTOB C IPHUPAIICHUSIMHU HOMEPOB Ha LI1are AyOJIUpOBaHHUsL.

7.3.11. TBepable Tena

B paccmarpuBaemoil Bepcur mporpaMMbl MO "TBEPABIM TE€JIOM' MOHUMAETCS SJIEMEHT,
TEOMETPUUYECKHUE U WHEPIUOHHBIE XapaKTEPUCTUKH KOTOPOro TpeOyroT ydera B oOmieil Moaenu
KOHCTPYKIIMH, A )KECTKOCTh 3HAYMUTEJIHHO BBIIIE, YEM Y CMEXHBIX C HUM JIEMEHTOB, UK MOKET
YUUTHIBaThCs NMpuOIMkEHHO. ClieoBaTenbHO, TIOHATHE "TBEpJO€ Teno" HCHONIb3YyeTCs, KaK
MpaBWIO, TPHU  MOACIUPOBAHUHU  HKECTKOTO JJIEMEHTa, COOCTBEHHBIC NPOYHOCTHBIC
mapaMeTpsl KOTOpPOTO  MPOBEpKH  He TpeOyroT. JlaHHBIM DJIEMEHTOM MOXHO TaKke
MOJICIUPOBAThH JKECTKOE COCTUHEHHE JIBYX YacTe KOHCTPYKIMU. ONucaHue KaxJaoro TaKoro
AJIEMEHTA TPYIIUPYETCS B OTACIBHYIO THUIIOBYIO 3aIIMCh, KOTOPAask COAEPKUT MACCY DJIIEMEHTA
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m (Kr), I7aBHblE MOMEHTHl MHepuuu Jx , Jyy , Jo- (Kr M%), I06ajbHbIE HOMEpa Y3IOB,
CBSI3bIBAEMBIX RJIEMEHTOM, U, IPU HEOOXOJUMOCTH, PUBEICHHbIE KECTKOCTH B y3J1aX.

B Tomosiornu sneMeHTa MmoJjlaraercs, 4YTO NEPBbIA B JIOKAIBHOM HyMEpauuH Y3ell
COBIAJAET C UEHTPOM MAaCC JIEMEHTA U KECTKO CBS3aH C HUM; C OCTAJIbHBIMU Y3JIAMH 3JIEMEHT
CBS3aH IIAPHUPHO. OTOT "IEHTpanbHBIA" y3€1 U yKa3blBaeTCs IEPBBIM IPU ONUCAHUU
rJ100aTbHBIX HOMEPOB Y3JIOB.

Ecnu snemMeHT cBsi3aH ¢ OAHHUM Y3JIOM, TO HAIllpaBJICHWE OCeH TI00aIbHOW | JIOKAIhHON
JUIS 3JIEMEHTa CHCTEM KOOpAMHAT COBMAajaroT. Eciin 4ymuciio CBA3bIBaeMBIX Y3J70B OoJible, TO
[I0JIaraeTcsd, 4YTO OCb OX JIOKAJbHOM CHUCTEMBl KOOpPAMHAT IPOXOAMUT YEpPE3 BTOPOU y3el
3JIEMEHTA, a OCh Oy JIEKUT B IUIOCKOCTHU MPOXOASAIIECH uepe3 MepBhIe TPU y3J1a 3JeMeHTa. Takum
o0pa3oM, 3TH Y3J1bl BBIIEICHBI CpPEAM OCTANbHBIX  Y3JIOB, M  IpPH BBOJE MJAaHHBIX C
UCIOJIb30BaHHEM TpaduiYecKoro peakTopa X He0OXOAUMO yKa3aTh paHblIIe IPYTHX.

[Ipy MopenupoBaHUU >KECTKOI'O COEIMHEHHUS Macca W TJaBHbIE MOMEHTBHl MHEPLUU
MPUHUMAIOTCSl PABHBIMM HYJIIO, LIEHTPAJbHBIA Yy3€J1 paclojaraercss Ha I'PaHU CTBIKYEMOI'O
AJIEMEHTA, a OCTaJbHBIE Y3JIbl SBIIAIOTCS TOYKAMHU IE€PECEUEHUS] Ha IMOBEPXHOCTH KOHTAKTa
abpuca (KOHTypa) TBEpJIOrO Tela C JUHUSMHU Y3JO0B CThIKyeMoro snemeHrta. Ilpu stom
MEepeMEIIeHNs] BCEX TOYEK IIOBEPXHOCTH, CBS3BIBAEMON JIIEMEHTOM, OyIyT ONpPEeneisTbCs
MepeMenIeHUSIMU [IEHTPaJIbHOro y37a (mojiroca). ITo YyAOOHO B CiIydasiX, KOrja HeoO0XOIHMMO
CBS3aTh HECKOJIBKO Y3JIOB C OAHMM (paccMaTpUBAaEMbIil 3JEMEHT 3/1eCh HCHOIb3YEeTCS Kak
CBSI3YIOLIHIN).

7.3.12. BHewHMe Harpy3ku

B ofmem ciydae (32 MCKIIOYEHHEM CIELMAIbHO OrOBOPEHHBIX) HaIIPaBICHHE
JEWCTBUSl BHEIIHUX HArpy30K 33/aeTcsl B TJI00ANBHONM cucTteme KkoopawHat. llpm 3Tom 3a

IMOJIOKHUTCIIbHOC IIPUHUMACTCA HAIIPaBJICHHUC BHEIITHEH CHJIBI, COBIIaAAarOIICC C
HaITpaBJICHUEM COOTBGTCTBYIOHIeﬁ OCH; 34 MOJIOKHUTCIBbHOC HAIIPABJICHHUEC BHCHIHCTO MOMCHTA
MIPpUHUMACTCA HaIllpaBJICHUC TIPOTHUB 4acoBOM CTpCIIKHU, €CJIIn CMOTPETHL C KOHIA

COOTBETCTBYIOIIECH ocH. B mporpamMMe nmmeeTcsi BO3SMOKHOCTh BBIOOpA €IMHMI] U3MEPEHUS ISt
pa3IMYHBIX BUJOB HArpy30K.

Cocpedomouennvie y3noevle Hazpy3ku. BHelIHNe y310Bble COCPEIOTOYEHHBIE
Harpy3ku npukiaapiBaiorces K y3nam KO  moboro Tuma. Ilpu 3TOM yka3piBaoTcs HOMEp
y371a, K KOTOpOMY NPUJIOKEHAa BHEUIHSS HAarpys3ka, THI Harpy3ku ( cuia WJIM MOMEHT U OCh
r7100aNbHOM CHUCTEMBI KOOPJIMHAT MO KOTOPOW OHA HAaIpaBlieHa ) W BeIWYMHA Harpysku. Ilpu
3TOM, B COOTBETCTBUHU C BbIOpAaHHBIMU €IUHHUIIAMHM HATrPY3KH MOTYT YKa3bIBaThCSl B HBIOTOHAX,
kunorpammax win ToHHax (H, xI', T) , a MOMEHTBI B HBIOTOHAX-, KMJIOTpaMMax- WM TOHHAX Ha
merp (H M, kI' M, T M) ¢ yuetom 3Haka . Ilox Harpy3koil, Tak)ke, MOHHMAaeTCsl 3HaAUECHUE
TEMIIEPATYPHI B y3JI€ OTIIMYHOE OT IPUHUMAEMOM IO YMOJIYaHMIO HYJIeBOM . Tak ke Kak u
JUISL CTEP’KHEBBIX AJIEMEHTOB TIpU BBOJE JaHHBIX TEKCTOBBIM PEAAKTOPOM IPEAyCMOTPEHBI
ornepauuu ayOIMpOBaHUS HOMEPOB Y3JIOB paHee BBEJICHHBIX YCIOBMHA C NpUPALICHUSIMHU
HOMEpOB M 3HAUEHU Harpy3o0K Ha I1are JyO0JIMpPOBaHUS .

Cocpedomouennvle y3106vie HAZPY3KU AGNAIOUWUECA (PYHKUUeN om nepemeuieHus.
BHemrHue y3710Bble COCPEIOTOUEHHBIE HArpy3Kd MpHKIaabIBatoTcs K y3nam KD  moboro
tuna. IIpu 3ToM ykasplBaroTCsi HOMEp Y3I5a, K KOTOPOMY IPUJIOKEHA BHEUIHSASA HArpy3Kka, THUII
Harpy3kd (cuja WM MOMEHT M OCh IJI00QJIbHOM CHUCTEMBI KOOPIMHAT MO KOTOPOW OHa
HafpasjieHa) U BenuyuHa Harpy3ku B H wim H M B ¢yHkumu ot nepememenus. @DyHKIusA
MOJKET 3aJaBaThCsi TaOJMYHO, B BUJE IOJIMHOMa BTOPOTO MOPSJIKA WM CUHycounoi. Moxer
ObITh 3aJlaH, TakXe, WHTepBAI JEWCTBUS 1O AapryMeHTy M TMEepuoA, eclu (QYHKUIUA
MepUONIECKast.
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Cocpeoomouennvie y3106ble  HAZPY3KU AGNAIOWUECA (QYHKYUell om CKopocmu.
BHemHue y310Bble COCpPEOTOUEHHbIE HArpy3Ku IpuKIajablBatoTcs K y3nam KD moboro
tuna. Ilpu 3TOM ykaspIBaroTCsi HOMEp Yy3I1a, K KOTOPOMY IIPHJIOKEHA BHEILIHSS HAarpy3Ka, THII
Harpy3ku ( cwia MJIM MOMEHT M OChb IJI0OOQJbHOM CHUCTEMbl KOOpAMHAT IO KOTOPOW OHa
HarpasieHa ) ¥ BeauunHa Harpy3kd B H wmn H M B pyHknum ot ckopocti. DyHKIHS MOXKET
3aJjaBaTbCsl TAOJIMYHO, B BHJIE IIOJIMHOMA BTOPOr0 MHOpsiAKa WIM CHHycouaoil. Moxer ObITh
3a[aH, TaKXKe, MHTePBaJl ICHCTBHS 10 apTyMEHTY U MEPHO, €CIIU (PYHKIUS IIePHOIMIECKAs].

Pasnomepno pacnpedenennan no noeepxmocmu  Hazpyska - OaeéjieHue. BHemHss
Harpy3ka Ha IUIACTUHY, NPEICTaBIISIIOIIAs  JIaBJIE€HUE HA €€ IUIOCKOCTb, 3aJaeTcs B
COOTBETCTBMH C BBIOpaHHBIMH enunuiamu: Ila, KITa, MIla, xI'/m?, xI'/em?, kI['/Mm? umm T/m?
3HaK Harpys3Ku ompezensercs "mpaBuwioM OypaBuuka', T.e. TOJIOKUTEIBHOE HaIpaBICHUE
CHJIBI COOTBETCTBYET HAIIPABJICHUIO B IUIACTUHY NPU 3aJaHUU €€ Y3JIOB II0 YaCOBOW CTPEIKE
€CJII CMOTpPETh CO CTOPOHBI AEMCTBUS CWIbl. B 3ammcu comepkurcs BeIWYMHA JIaBIEHUS U
HOMEpa Y3JI0B OIIMCBHIBAIOIIMX DJJEMEHTAPHBIE UYETBIPEXYTOJIBHUKM Ha KOTOpBIE JAECH CTBYET
napieHue. [Ipu MCNONB30BaHUM TEKCTOBOIO PENAKTOPA MOBEPXHOCTH ONUCHIBAIOTCS TaKKe
KaK Y IIJJACTHHBI U UX BBOJI OCYILECTBIISAETCS 110 TEM K€ IIPaBUIIaM.

Pacnpeoenennvie Hacpy3ku Ha cmepiyicuu uau peodpa nemenmog. B obmem ciayyae
YUHUTBHIBACTCSI ~ HArpy3ka, paclpelelcHHas IO 3aKOHy Tpalleluyd MEXAY IapaMHu Y3JI0B.
VYka3pIBalOTCSI HOMEpa Y3JI0B, MEXAY KOTOpPBIMU JEWCTBYET Harpys3ka, TUIl Harpy3ku (ochb B
HalpaBJIeHUU KOTOPOH OHA JEHCTBYET) U MHTEHCUBHOCTbh HAarpy3Kd B y3JlaX B COOTBETCTBUU C
BbIOpaHHbIMU enuHunamMu: H/m, xI'/m, T/mM ¢ ydetom 3Haka. Tak xe Kak U A9 JPYrux
3JIEMEHTOB (3amuceil) MpHu BBOJE JaHHBIX MPETyCMOTPEHbI ONEpaluy TyOJIUpOBaHUS HOMEPOB
y3JI0B paHee BBEICHHBIX YCIOBHM C NPHUPALIECHUSIMH HOMEPOB M 3HAYEHUHW WHTEHCUBHOCTEH
Harpy3ok Ha are ayOnaupoBaHus. [Ipu BBOAE AaHHBIX C MCIOJIb30BaHHEM IpadUUYEcKOro
penaxkTopa OnuchlBaeéMasl Harpy3ka 3a/aeTcsi Kak YCJIOBHE B IIOMEUYEHHBIX y3nax. I[Iporpamma
BBIJICJIET JIMHUIO y3JI0B M3 IMOMEUEHHBIX U (POPMHUPYET 3alUCh JAHHOIO TUMA C yKa3aHHBIM
M0JIb30BATEEM 3HAUEHUEM UHTEHCUBHOCTH B y3Jax.

Bempoeas nazpy3ka . B naHHON Bepcuum  IPOrpaMMbl IIPENYCMOTPEH YUYET BETPOBOM
Harpy3Kku JeWCTBYIOLIEH Ha CTEp)KHU, TMOKME HUTU U MOBEpXHOCTH. B 3amucu naHHOro tumna
3aJ]aeTCsl CKOPOCTHU BETpa B MPOEKLHUAX Ha OCU CHCTEMBI ITI00alIbHON cUCTeMBl KoopauHaT XOYZ
(Ve Vy u Vz). Ilpu3rom HE0OX0AMMOE /1711 BEIUMCIIEHHUST BETPOBOIO JAaBJICHUS Ha IUIOIIAJIKU
MIOBEPXHOCTH HOPMATHUBHOE 3HAYEHUE BETPOBOTO JaBIEHUS W) COOTBETCTBYET 3HAUYEHUSIM
CKOPOCTH BeTpa (110 MOJYJII0), ONpeieIEHHbIM B Tabaune 3.2.
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Tabnuna 3.2.
BeTpoekle paioHsl
(no kapTe 3
NPHADHKEHWA K 1a Il I I+ W il il

CHwM 2.01.07-85)

B, kNaikrei?) | 01707) | 0.23(23) | 0.30030)| 0.38(38) | 0.48(48) | 0.60(80) | 0.73(73) | 0.85(85)

¥, { mfc )| 0528 0.614 0.7m 0.7a49 0.6a7 0.991 1.094 1.180

by CH ='\l Vx2+ Vy2 + sz

Cnezoeasa nazpy3ka 10J00HO JIaBJICHUIO MPEAIOIAracT ONUCAHUE HUHIEKCOB IIIOIIA/IO0K,
Ha KOTOpbIE OHA JIEWCTBYET, U IOJHbIE HOPMATUBHbBIE 3HAUYEHUSI CHETOBOW HArpy3KH § B 3THX
y3nax 3Hadenus (k[1a/M?) B Kaxk10M y3iie KaxI0H MIOIaIKH.

Pacnpedenennas no macce nazpyska. PacripenencHnas o Macce Harpyska 3a7acTcs B
rio0anbHOM cucTeMe KoopauHatr Julsl Bceil paccMmarpuBaemoid KO-monenu B nenom.  [lanHoe
Harpy>keHue  IpeJCTaBIseT COOOW pacHpelesIeHHYI0 II0 Macce KOHCTPYKLHMH Harpysky,
IIPOrpaMMHO YUMTBHIBAIOIYIO BHUJ U pa3Mepbl KOHEUHBIX JIEMEHTOB ( IUIOTHOCTh MaTepualia
KOHCTPYKLIMHU 3aJIa€TCsl IIPU ONMCAHMM MEXAaHMYECKHUX CBOMICTB MaTepuaya - CM. IyHKT 3.2.2.).
YacTHBIN city4ail Harpy3Ku pacHpelesIeHHOM 10 Macce - CHila TsKeCTH. HTEHCMBHOCTD 3THX
Harpy3o0K 3a71aéTcsi B H/KT B HalpaBJICHUH KOOPAMHATHBIX oced Wy, Wy, u W-.

[Tomaraercs, 4TO COCTaBIAIOLIME HArPY3KH, NEHCTBYIOLIME BAOJIb KOOPAUHATHBIX OCEH
W3MEHSIOTCS 110 JIMHEMHOMY 3aKOHY:

VI/)C:WOX+W1X*X: m:Woy‘l' W]y*Y, VVz:Woz‘I'WIz*Z,

rae Woi, Wii -k03QdUIIUEHTHI, 3a]JaBaeMble B 3allMCH B KaU€CTBE UCXOIHBIX JaHHBIX,
i=x, y, z; (X Y,Z-koopauHaThl paccMaTpUBaeMON TOYKM B TT00AIbHOW CHCTEME KOOpIMHAT).

Jlnst mOCTOSIHHBIX HArpy3ok (cuia Tspkectu) Wi, = 0.  Ilpu paccmorpenuu, Hampumep, Tena
BpALAIOIIErocss BOKPYT OCH  KOX(QQHUIMEHTHl BBIOMPAIOTCS TaK, YTOObI CMOJAEIMPOBATH
LEHTPOCTPEMUTENBHOE YCKOPEHHE U T.IL B uactHoM ciydae '"ropu3oHTalbHOTO"

PAaCIOJIOKCHU A r100aTbHOM CUCTEMBI KOOpAUHAT IIpUu JEUCTBUH CHUJIBI TSXKECTH BBOISTCS
CICAYIOIIUEC BECJINYHNHBI COCTABJIAIOIINX pacnpej:[eneHHoﬁ 10 MaCCC HArpy3Ku:

W()z: '9.81, Wox = Woy = Wlx: le = W[z = O .

Ilepemewaromanca nazpyska. JlaHHOe Harpy)xeHue TIpeJCTaBlIseT COOON cUCTEMY U3
YETBIPEX PABHBIX II0 BEIMYHMHE COCPENOTOYECHHBIX Y3JIOBBIX  YCHIIHM, W3HAYaJIbHO
KOOPAMHUPYIOLIUXCS TI0 yriaM YeTbIPEXYIOJbHOM IUIOCKOW ITOBEPXHOCTH, OIKMCHIBAEMOU
HOMepaMu y3710B. llpy BBIYMCIEHUSX ATH YCWIMS MNPHUKIAIBIBAIOTCS K OMMKalIuM 10
TEKyIleMy (C yd4eToM IIEpEMEUICHMM ) TIOJOKEHUIO  y3JlaM, HE€ CBSI3aHHBIM C OTOHU
ITOBEPXHOCTBIO, @ HAMPABJICHUE JIEUCTBUS HArpy3Kd - HOPMAJIBHOE K IUIOCKOCTH IIIOIIAIKH.
IIpyn moaroTroBKe HaHHBIX CIEAYET OINPENECIUTh pa3Mepbl, KOJIMYECTBO U 3aKOHBI JBUKEHUS
IIJIOIIAIOK € LETbI0 MAKCUMAIbHO TOYHOTO MOJIEIMPOBAHNS UICTOYHUKA HATPY3KH.

Ceiicmuueckoe 6030ericmeue NpeIoaaracT 3ajaHie aMIUINTY]] YCKOPEHU OCHOBaHMS B
HaIlpaBJICHUU KOOPAMHATHBIX OCEW, KaTeropuro rpyHra u kodddummentsr K; K>, Kop. ,
YUHUTBIBAIOIIUE JIONYCKAEMBIE IOBPEXKICHUS, KOHCTPYKTHBHBIE DPEIICHUS M XapaKTEPUCTHUKH
31aHUN U COOPYKEHUH COOTBETCTBEHHO.
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Tabnuuel 1 moapoOHBIE PEeKOMEHIANH 110 3aJaHuio kodp¢unmentoB K;, K>, Ky , a
TaKkke TpeOyeMOoro KOJU4ecTBa MpPEeABAPUTEIbHbl BEIYUCICHHBIX YacTOT U (OpPM COOCTBEHHBIX
KOJICOAHUN KOHCTPYKIIMH, COOTBETCTBYIOUIMX KOHKPETHOM PacyE€THON CHTyallUu MPEICTaBICHBI
B CHull II-7-81.

CHexkTpsl YCKOPEHUH CEMCMHYECKOW Harpy3kKd MOTYT 3adaBaTbes TabmuuHo. [lpwm
pEILIEHUN 3a/1a4M IMHAMUKH JJaHHBIA BUJI HArpy3KU UHTEPIPETUPYETCS KaK paclpenenaéHHas no
Macce Harpy3ka, HMHTEHCHUBHOCTb KOTOPOM ONpENENsIeTcs CYMMHUPOBAHHEM TapMOHUK B
COOTBETCTBUHU C 3a/IaHHBIMU CIIEKTPaAMHU.

OTOT BHJ Harpy3ku BBOIUTCS NIyTéM (opMupoBaHHs W BBoJa B HaOOp JaHHBIX
COOTBETCTBYIOILEH 3alicU. JTO y100HEE AeNIaTh B TEKCTOBOM PEIAKTOPE.

7.3.13. KuHemaTunyeckue rpaHuyHble yCroBuUs

3anuch TUIA pacCMaTPUBAEMOIO IIPEyCMAaTPUBAET CIIEAYIOINE BUIAbl KHHEMAaTHYECKUX

IPaHUYHBIX YCIOBHI B TI00ATbHOW CHCTEME KOOPAMHAT:
-nepeMeneHus Baoiab oce 0X, 0Y unu 0Z;
-IIOBOPOT OTHOCUTEINIbHO ocer 0X, 0Y, wnu 0Z;
-IIAPHUPHBIE WM KECTKUE 3aKPEIUICHHUS.

BBox  MCXOOHBIX J@HHBIX OCYIIECTBIISIETCS  I1OCJEAO0BATENbHBIM 33IaHMEM HOMEpPA
y31a, Ha KOTOpbIM HaJOXEHa CBS3b, THUIA NEPEMELICHUS U BEIMYMHbBI NEPEMELICHUS C
y4eTOM 3Haka ( B YaCTHOM CJIy4ae BEeJIMYHMHA EpPEeMEeLICHHs paBHA HYJIIO).

[IpaBmiio 3HAKOB JIMHEHHOTO U YIJIIOBOTIO NEPEMELICHUH TaKoe )K€, KaK U Uil BHELIHUX
CHJI M MOMEHTOB - cM. MyHKT 7.3.12. [lepemenieHus: yka3pIBarOTCS B BBIOPAHHBIX €IUHHIIAX
(JIuHEetHOE B MUJUIMMETPAX, CAHTUMETPAX WK METpPax, a YIJIOBOE - B Ipajycax Win pajuaHax.

Ha onun y3en MoOXeT HaKIaIbIBaTbCd W HECKOJbKO KHHEMAaTHUYECKUX TI'PAaHUYHBIX
yclIOBUH ( HallpuMeEp, U JIMHEHHBIE U yIioBble nepementenus). [Ipu aToM HOMep y3i1a BBOAUTCS
COOTBETCTBYIOIIEE YUCIO pa3 C IOCIEAOBATENbHBIM  33JJaHUEM [0 OJHOMY TI'PAHUYHOMY
ycnoButo.  IllapHupHoe 3akpemiieHHMe Mojaenupyer cdepuueckuil (I1apoBoi) IIapHUP B
peanbHOM KOHCTPYKIMHU - SKBUBAJIEHT TPEX AJIEMEHTAPHBIX CBA3EH; JKECTKOE 3aKpeIUIeHuE -
YKECTKHUE 3aJ€JIK1 - SKBUBAJICHT IIECTU JIEMEHTAPHBIX CBSI3EH.

B TexcToBOM penakTope BBOJ MCXOAHBIX JAHHBIX OCYILECTBIISIETCS MOCIEI0BATEIbHBIM
3a/laHueM HOMEpa y3Jla, Ha KOTOpbI HaJIOKEHA CBS3b, U HANpaBlieHUs. Tak jke Kak W A
JIPYTHUX 3amuceld MpU BBOJE JAHHBIX MPEAYCMOTPEHBI ONlepalvy AyOIUpOBaHUsS HOMEPOB Y3JIOB
paHee BBEICHHBIX YCIOBHI C MPUPANICHUSIMU HOMEPOB M 3HAUYCHUN NEPEMENICHHN Ha 1iare
IyOIMpOBaHUSL.

B rpaduyeckom pemaktope BBOA KHHEMATHYECKUX TPAHUYHBIX YCIOBUN BOJUTCS K
3a/IaHUIO YCIIOBUM B IOMEUYEHHBIX y3J1aX.
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7.4. CTpyKTypa Habopa AaHHbIX

Bce nHabopsl naHHBIX, 0OpabaTbIBaeMble MPOTPAMMOM, MPEICTABISAIOT COOO0H (hailibl,
COCTOSILIME U3 THIOBBIX 3anuced. Kaxnas TUmoBas 3aluch OMMCHIBAETCS TUIIOM U MMEHEM.

Tun 3amucu OJHO3HAYHO XapaKTEpU3yeT  CTPYKTYpy W Ha3HAY€HHE  JIaHHBIX,
pacrioyiaraéMbIx B 3alHCH.

WNms 3anMcu npeaHa3HAueHO Uil MHAMBHUYAJBHOTO OTJIMYUS SK3EMIUIIPOB 3alMCEH.
OCHOBHBIM Ha3Hau€HHEM sBJsieTCs oOOJeryeHue Ioucka 3amucedl B ¢ailax  (ans
MoOIUGUKAINH, yIIeHUsT U T.1.). [Ipu BBIYMCIIEHUSX UMS UCTIONB3YETCS TOJIBKO JJISi HArpy30K
IPU ONpENEICHUH COYETAaHUM BAPHMAHTOB HArpy30K: €CIM Mpearojaraercs pelieHue
CTaTMYECKOM 3aJauM /Il BAPUAHTOB HArpy30K, TO BCE 3alMCH C OMUCAHUSIMU HArpy30K JOJKHBI
UMETh MHIUBUAYaJIbHbIE (OTJIMYHBIE IPYT OT Apyra) uMeHa. MiMs BeIOMpaeTcs IPOU3BOJIBHO U
COCTOMUT U3 16 CUMBOJIOB.  3amMcH, COJEpJKallMe pe3yJlbTaThl PACUETOB, KaK IPAaBUIIO, UMEH
HE UMEIOT.

[lpu  popmupoBanuu  HAOOPOB HMCXOAHBIX JAHHBIX HEOOXOAWMO IIOMHHTH 00
0COOEHHOCTSIX HMX CTPYKTYpBI M COOJIIOAATh MpaBUIIa, IPUBEICHHBIC HUXKE.

[TonoxeHnne U KOJIUYECTBO 3alMcel  CO/AEpKAIlUX TEKCTOBYIO HMH(OPMAIIHIO
(KOMMEHTapuM K 3a/1a4e, BAPMAHTY pacueTa U T.J.) B HaOOpe JaHHBIX 3HAYECHUS HE HMMEIOT U
He orpaHuueHsl. [IporpaMMHO 3amucu 3TOro TUIa IpyNnupyoTcss B Haudaje TeKCTa 110 MOPAIKY
UX BBOJAa U OOBEIMHEHHOH 3alMChI0 BBIBOJSTCA BO BCE OTUETHBIC JOKYMEHTHL. [losTomy
PEKOMEHYeTCsl Mocie KaXJ0oM Koppekuuu (IpU BHECEHMM W3MEHEHUH B 3amucu Habopa
JIAHHBIX ) IPOBEPATh COOTBETCTBUE COJEPKAHMsI 3alUCeil ATOro TUIAa BBEJCHHBIM U3MEHEHUSIM
, IPH HEOOXOAUMOCTH, HCIIPABIISTH UX.

B HaOope MaHHBIX MOXET COAEP>KaThCs TOJIBKO IO OJJHOM 3alMCHU CIEAYIOIIMX TUIIOB:

-aTpuOyTHI 3a71a4;

-KOOPAMHATHI y3JIOB;

-CKOPOCTb BETPA;

-IapaMeTpbl BOJAHOM MOBEPXHOCTH;

-IapaMeTpbl CEMCMUYECKON Harpy3KH;

-OIMCaHUE COUYETAaHUN BapUAHTOB CTATUYECKUX HArpy30K;

-[1apaMeTpbl Harpy3Ku paclpeeIeHHOH 110 Macce.

Hekotopele THNBI 3amuceil TMO3UIMOHHO 3aBUCHMBI, T.€. HUX MHTEpIpeTanus B

MpOrpamMMme  OMpPeAeIISIeTCA OTHOCHUTEJILHBIM pacroyioxkeHueM B Habope NAHHBIX.
[To3unroHHas 3aBUCHUMOCTB CYIIECTBYET MEKY 3AMUCAMM CIEAYIOIIUX THUIIOB:
1. Mexny onrcaHueM MEXaHHMYECKUX CBOMCTB MaTepHalla U ONHUCAHUSIMH UHJICKCOB

U CBOMCTB 3JI€MEHTOB. HonaraeTc;I, YTO CBOMCTBA MaTepuaia 3aJaroTcsa i1 BCEX 3JICMCHTOB,
TOITOJIOTHA KOTOPBIX OMNKCaHa B 3alMCAX COOTBECTCTBYIOIIMX THUIIOB, PACIIOJIOXCHHBIX B Ha6ope
JaHHBIX 34 y1(a3aHHOI71 3allMChIO 10 cne,uy}omeﬁ 3alimucu, conep;xameﬁ JaHHBIC O CBOMCTBax

MaTepuanga, KOTopas, B CBOIO O4Yepenb, 3a0acT CBOMCTBA Marepuana Uil DJIEMEHTOB,
ONMCAHHBIX B PACIOJIOKEHHBIX 32 HEW 3aIIUCAX U T.1.
2. Mexny onucaHueM Te€OMETPUUYECKNX XAPAKTEPUCTUK CTEPIKHEBBIX AIEMEHTOB U

ONMUCAaHUSIMU HWHJIEKCOB M IApaMEeTPOB CTEPXKHEBBIX D3JEMEHTOB W THUOKUX HUTEH.
['eomeTprueckne XapakTEPUCTUKH CEYEHUM CTEp)KHEW 3aJal0TCsl I BCEX DIJIEMEHTOB,
TOIIOJIOTUSI KOTOPBIX ONHMCAaHa B 3alHUCsX, PACHOJOXKEHHBIX B HaOOpe MaHHBIX 3a YKa3aHHOMN
3alUCBI0  JO CJEAYIOIIEH 3alKMCH JAaHHOTO THUIA, KOTOpas, B CBOK O4Yepelb, 3a1aeT
T€OMETPUUYECKHUE XAPAKTEPUCTUKUA CEUYECHHUM Ul DJIEMEHTOB, OINMCAHHBIX B PACIIOJIOKEHHBIX 32
Hel 3anmucax U T.J0.

3. Mexnay onucaHueM JIOIOJHUTEIBHBIX XapaKTEPUCTUK CEUYECHHM CTEp:KHEU U
ONMMCAHUSIMA HHJIEKCOB M TApAMETPOB CTEPKHEBBIX DJIEMEHTOB. JlononHuTENBHBIE
XapaKTePUCTUKH CEUEHHH CTEep)KHEH BKIIOYAIOT B ce0s MpUBEACHHBIA KO3()(UIIMEHT BeTpOBOU
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Harpy3kl W HHEPLUHMOHHBIE XapaKTEPUCTHKU IPUCOEIMHEHHOM Macchl , NPUXOASILEHCS Ha
€IMHULy JJUHBI, Ul BCEX CTEPKHEBBIX JIIEMEHTOB, KOTOpbIE OIMCAHbl B 3alHUCHX,
pACHONIOKEHHBIX B Ha0Ope MaHHBIX 3a YKa3aHHOW 3aIMCBIO O CIEIYIOLIEH 3alucH JaHHOTO
THUIIa, KOTOpasi, B CBOIO O4epelb, 3aaeT KO3((UIMEHT JUIsl 3JEMEHTOB, ONHMCAHHBIX 32 HEH U
T.JI.

4. Mexnay cBoicTBaMM paboyero Tejla M 3alUCAIMH JaHHBIX 00  3JIEMEHTax
rugponpuBona. Ilonaraercsa, 4ro cBolicTBa paboyero Tenaa 3aJaroOTCss UL BCEX DJIEMEHTOB,
TOIIOJIOTUSI KOTOPBIX ONMCAHA B 3alUCAX COOTBETCTBYIOILIMX TUIIOB, PACIIONOKEHHBIX B Habope
JaHHBIX 3a yKa3aHHOH 3amucbio. HoBble cBolicTBa pabouero Tena JOJIKHBI OBITH ONKCAHBI B
CJIEAYIOLIEH 3alMch cO CBOMCTBAMM paboyvero Tesa, KOTOphIE, B CBOIO 0Yepellb, ACHCTBUTEIbHBI
JUISL 3JIEMEHTOB, OIMCAHHBIX B PACIOJIOKEHHBIX 32 HEH 3aIUCsIX U T.JI.

5. Mexnay TemrneparypaMu OKpYXarollled cpeibl M JIaHHBIMH O KOHBEKTHMBHOM
terioooMeHe. Ilomaraercs, 4To TemnepaTypbl BHEIIHEH Cpeibl 3aJal0Tcs AJIs BCEX 3allUCed,
OIKCBIBAIOLINX KOHBEKTHBHBII TEIIOOOMEH, PACHOJIOXKEHHBIX B HA0Ope JaHHBIX 33 yKa3aHHOMN
3alUChI0 JI0 CIEAYIOLIEH 3alliCH, COJAEpXKALIEH JaHHbIE O TEMIIEPATypax OKpYKalollel cpenbl,
KOTOpas, B CBOIO OuYepellb, 3aJaeT  TeMIepaTypbl OKpYXKarolledl cpeaspl A 3JIE€MEHTOB,
OINMCAHHBIX B PACIIONIOKEHHbBIX 3a HEW 3aMUCAX U T. 1.

6. Mexay MHOXHUTEISIMHM IPH Harpy3kax B (DYHKIUM BpPEMEHM U 3alUCIMH C
ONMCAHUAMU Harpy3ok. Bce BenMuuMHBI Harpy3ok, 3aJaHHblE B COOTBETCTBYIOIIMX 3alMCSX,
CJIEAYIOIIMX 32 pacCMaTpHUBaeMON 3amHUChio, OYAYT YMHOXATbCs Ha 3HadeHHEe Kod(pduiueHra
COOTBETCTBYIOIIEE TEKYIIEMY 3HAYCHUIO (DYHKIIUU OT BPEMEHH, OTIMCAHHBIX B 3TOM 3aIUCH.

7. Mexay onucaHusIMHM KOHTAKTHBIX TOYEK M KOHTAKTHBIX ITOBEPXHOCTEH.
KoHTakTHBIE TOBEPXHOCTH BOCIPUHUMAIOT TOJIBKO T€ KOHTAKTHBIE TOYKH, OIMHCAHMSI KOTOPBIX
pacIoyio’keHbl Iepesl ONUCAaHMSAMM HoBepxHocTedl. Takum o00pa3oM cocTaBiseTcsl TIpymna
KOHTAKTHBIX 3JIEMEHTOB (TOYKH-IIOBEPXHOCTH), KOTOPBIX MOXKET OBITh HECKOJIBKO B OJHOM
Habope JaHHBIX. B kaxpoill rpynme MoXeT ObITh TOJBKO OJHA 3alUCh C OMNHMCAaHUEM
noBepxHocTed. OmnucaHuid TOUEK MOXET ObITh HecKoibko. OnucaHue TaKoW TIpYIIIbI
3aKaH4YMBAETCS 3aMUCHIO C ONMMCAHNEM KOHTAKTHBIX IIOBEPXHOCTEM.

8. Mexny MHOXUTEISIMM TpU Harpy3skax B (DYHKUIMM BpEMEHH U 3alMCSIMH C
ONUCAaHUSIMM TEIUIOBBIX HAarpy3ok. Bce BeIMUMHBI TEMJIOBBIX HAarpy3ok (B TOM 4YHCIeE
TEMIEPATypbl OKPYXKAIOLIEH cpelibl), 3aaHHbIE B COOTBETCTBYIOIIMX 3alMCsX, CIACAYIOUINX 3a
paccMaTpuBaeMOM  3amucbio, OyAyT  yMHOXaTbcsi  Ha  3HaueHMe  KoddduuumeHra
COOTBETCTBYIOILIEE TEKYIIEMY 3HAUEHUIO (DYHKLIMU OT BPEMEHH, OITMCAHHBIX B 3TOW 3aIHCH.

9. Mexay MHOXKHUTEISIMU NpU NEepeMeleHUsIX B (YHKLIUU BPEMEHH U 3alHCAMU C
3a/IaHHBIMH 3HAYECHHUSMU NIEPEMEILIECHHM, CKOPOCTEN U YCKOPEHUH.
10. Mexnay 3anmMcbl0 C OINKMCAHMEM OJHOY3JIOBOIO JJIEMEHTA THIIA aBTOMAT-

TEPMOPETYIIATOP U 3aNHUCAMU C U 3HAYCHHUAMU MCXAHUYCCKHUX W TCIJIOBBIX HArpy30K, a TaKXKC
3aJJaHHbIMH 3HA4YCHHUAMU nepeMemeHI/Iﬁ, CKOpOCTCI\/'I n YCKOPCHHﬁ. BHCCL MHOXUTCIIA TIpH
YKa3aHHBIX THIIAX 3armmcei MOTYT IME€pC€HA3HAYaTbCAd MHOXUTCIIAMHU TIIpU HArpy3kax H
KHMHCMATHYCCKUX YCIIOBUIX.

3anucH, ONMCHIBAIOLIME CBOMCTBA MaTe€pualla, TE€OMETPUYECKUE XaAPAKTEPUCTUKH
CEUEHUH CTep)KHEHN U OTOTHUTEIbHbIE XapaKTEPUCTUKH B3aUMHO HE3aBUCHMBI.

[TonoxkeHne W KOJMMYECTBO 3alMCel  Opyrux TUIMOB B Ha0Ope MTaHHBIX HE HMMEEeT
3HAYEHUS U HE OTPAHUYEHO.

[lo xomanae OKOHYaHUS PAaOOTBI C 3aMMCHhI0 KOHKPETHOIO THIMA IPOrPAaMMHO
BBITMIOJHSETCS. 3allMCh PE3yJbTaTOB pPaldOThl  (BBOJA JAaHHBIX) B  BBIXOJHOW (ailn u amis
BBITOJIHEHUS CIIeTYIONIEH onepaiyy nojab30BaTeNb JOIKEH M0AaTh HEOOXO UMY KOMaH/Ty.

B cootBercTBHM C  OmHMCaHWEM CTPYKTYPbl ~ HMCXOJHBIX JaHHBIX PEKOMEH]yeTCs
CIEAYIOIMNA TMOpSAI0oK  HaOopa JaHHBIX A OOIIEro ciydas pacdyera MpOCTPaHCTBEHHOMH
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KOHCTPYKIIMU, COCTOSIIEH W3 CTEp)KHEH, IJIacTHH, OOBEMHBIX JJIEMEHTOB, TBEPIABIX TEN U
THOKMX HUTEW pPa3HOTO MaTrepuajia, W UMEIONIECH BCE BUJbI BHEIIHETO HArPYXKEHUS U CBS3CH,
MPEyCMOTPEHHBIE ITPOTPAMMOIA:

- TEKCTOBasl HH(OpMaLUs O peraeMoi 3aaade;

- KOOPJIMHATHI Y3JIOB B TIOCIIEAOBATEIHLHOCTH HyMepanuu ux B KO-monenu
(emMHCTBEHHAs 3aMKCh JAHHOTO THUIIa B HA0OPE);

- CBOMcTBa MaTepuaia-1;
- JIOIyCKaeMoO€ HallpsbKeHMeE JUIsl MaTtepuana-1;

- FEOMETPUUECKUE XapaKTEPUCTUKU CEUEHUI CTEp)KHEN U3 MaTepuana-1;

- TOIOJIOTUS M CBOWCTBA CTEpKHEN U3 Marepuaia-1 ¢

- TOIIOJIOTHS M CBOMCTBA OOBEMHBIX JJICMCHTOB,

- MEXaHMYECKHE CBOMCTBA MaTepHalia-2;

- TOTIOJIOT S TUIACTHH TOJIIMHBI-1 U3 MaTtepuana-2;

- TOITOJIOTHS TUTACTHH TOJIIMHBI-2 U3 MaTepHaia-2

- BTOpPOE JIONyCKaeMOe HaIpsHKEHHUE I MaTepuana-2;
- TOIOJIOTHS TUTACTHH TOJIIMHBI-3 U3 MaTepuaia-2

- CBOMcCTBa MaTepuaia-3;

- TEOMETPUUECKHE XapaKTEPUCTUKU CEUEHUN CTepKHEH U3 Marepuaina-3;

- KOO GUIHMEHT a3pOAMHAMUYECKOTO COIPOTUBIICHUS CTEPKHEH U3
MaTepuaia-3 BETpOBOM Harpys3kKe;

- TOTIOJIOTUS CTepKHEH U3 Marepuana-3;

- TOMOJIOTHSI THOKUX HUTEH U3 MaTepuasa-3;

- HaBJICHUEC HA MOBCPXHOCTD,
- COCPCAOTOUYCHHBIC Y3JIOBBIC HAI'PY3KU;

- pacpCaACICHHBIC 10 AJIMHEC HAI'PY3KU;
- BETpOBasd HArpys3Kka (CI[I/IHCTBCHHa}I 3aIl1iuChb B Ha6ope);

- pacrmpeneneHHas MO Macce KOHCTPYKIIMU Harpy3ka (€IUHCTBEHHash  3aluCh B
Habope);

- CBA3U IAPHUPHBIC U 3aACITIKH,

- CBSI3U HEJIMHEIHbBIE HCYACPIKUBAIOIINE,

Taxkum oOpazom, A perieHus 3a1adu Habop JaHHBIX 0053aTeNbHO JODKEH COJEPKaTh
3aMKch, OMUCHIBAIOIIYI0 KOOPAUHATHI y3JIOB, 3alKCH, ONUCHIBAIOIINE KOHEUHBIE DJIEMEHTHI W,
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€CJIM 3TO HEOOXOAMMO, 3aliCH COJAEp)Kalllue CBOWCTBA Marepuana. Ecnum B HaOope JaHHBIX
MMEIOTCSl 3aIlMCH, OIMCHIBAIOIINE CTEP)KHEBBIC OJJIEMEHTHI, TO HEOOXOIMMO MPUCYTCTBUE
3aMrceil, ONMMUCHIBAIOIIMX XAPAKTEPUCTUKH CEUYEHUH cTepkHel. OTta uHpopMaius sSBIsSETCA
MUHHUMaJIbHO HeoOxomumon misa omucanuss KDO-monenu. HabGop maHHBIX, comepikaimuid 3Ty
uH(}OpPMAIIHIO, TTO3BOJISICT BHIUMCIIHTHh HHEPIIMOHHBIC XapakTepucTuku KO-mMonenu.

Jlns BBIYMCIIEHUS TMEPEMEIICHUN Y3J0BbIX TOYEK IMPU CTAaTUYECKOM Harpykenuu KO-
Mojmenu  Habop MJaHHBIX, KPOME ONKCAHUS DIIEMEHTOB, IOJDKEH COJAEpKATh 3alHUCh O
KMHEMATUYECKUX T'PAaHUYHBIX YCIOBHUSIX U Harpy3kax. B yacTHOM ciiydyae B KauecTBE Harpys3ok
MOTYT BBICTYNATh 3aJaHHbIC 3HaueHUs mnepemenieHuil. Creayer UMETh BBUIY, YTO €CIHU B
Habope JaHHBIX MPHUCYTCTBYIOT 3aIlMCH, COJACpXKAIINE MHOXHUTEIM B (QYHKIIUU BPEMEHHU IPH
Harpy3Kax M TEepeMENICHHsIX, TO MX 3Ha4eHHs OyayT ydTeHbl Juisi MOMeHTa Bpemenu t=0. B
pe3ynbTaTe BBIYUCICHUN HAOOp JaHHBIX JOIMOIHSETCS 3aIllMChI0, COACpIKaIleH MepeMenieHus
y3JI0B IIPU CTaTUYECKOM Harpyxkenuu KO-moznenu.

Jis BBIUMCIEHUS TEpeMEeNIeHHH Npu JAUHAMUYECKOM HArpy>KeHUU Ha0op JaHHBIX
JIOJDKEH COJIepKaTh OMUCAHUE DJIEMEHTOB, CHJIOBBIX W (MJIM) KHHEMAaTHYECKUX BO3MYILECHUM U
3alKCh, COJEPIKAILYIO JaHHbIC JUISl PELICHHs 3a]ad AUHAMUKH, U3 KOTOPOW B HCIOJIb3YHOTCS
3HAUEHUs WHTEpPBaJa W Illara HHTCTPUPOBAHMS 110 BPEMCHH, a TakKe crocoda GopMUPOBaHUS
YpaBHEHUSA - C Y4€TOM WU 0e3 ydera OONbIIUX KHHEMATUYECKUX MEpEeMEIICHH. [Ipu
HEOOXOIMMOCTH OINMUCAHUS W3MEHEHHUS Harpy30K M 3a/J1aBaeMbIX IMEpEeMENICHUN BO BPEMEHHU B
HA0Op BBOJATCS 3aIUCH COAEpXKAIIME MHOXHUTENU B (YHKIMH BPEMEHH IMPH HArpy3kax Hu
MEePEMENICHUSX COOTBETCTBEHHO, C YUE€TOM MO3UIIMOHHON 3aBUCHUMOCTH. Otka3 ot ydera
OOJBIIMX TMEepEeMEIIeHUH O3HA4YaeT, 4YTO peHIeHHe 3aJaud OyJeT MPOU3BOJIUTHCS B paMKax
JOTYIIEHUS O MaJIbIX MepeMelIeHUsAX 00beKTa. I3MeHeHne CTPYKTYphl MOJIENU TIPU 3TOM TaKxKe
He OyneT yduThIBaThCs. B pesynbrare BhIYUCICHUN HAOOp NAaHHBIX OMOJHSETCS 3aIllMCsAMH,
COJIEpXKAIIMMU TIEPEMEILICHHS Y3JI0B Ha KaKJIOM IlIare MHTErPUPOBAHUS.

Jlnst pemieHus 3a/1aud pacdera 4yacToT U popM cOOCTBEHHBIX KojeOaHUN HAOOP JTaHHBIX
KpOME OTHMCAaHUS JJIEMEHTOB JIOJDKEH COACPKaTh MH(POPMAIHIO O 3aKPETUICHHH MOJIEIH U 3aI1Ch
aTpuOyTOB 3a7auM, U3 KOTOPOM MJIsi BBIYMCICHUH HEOOXOIMMO WHTEPECYIOIIee IMOJIb30BaTeNs
quciao (GopM cOOCTBEHHBIX KojeOanwil. [lo ymomuanuio (T.e. €clid 3amuch, COJEpKamias
JMaHHbIe N7 pelleHus 3a7ad JWHAMUKH, B Ha0Ope OTCYTCTBYET) STO YHCIO MPUHUMAETCS
paBHbIM 7. B pe3ynbrare BeIUMCICHUNA HAOOP JAHHBIX JOTOJHSAETCS 3aMUCAMH, COJAEPKAIIUMU
NepeMenIeHHs Y3JI0B COOTBETCTBYIONUX (popMaM cOOCTBEHHBIX KOJeOaHUH.

Jlnst perieHusi 3a/ladyd pacueTa aMIUTUTYl BBIHYXKJICHHBIX KOJIEOAHMM TakkKe Kak Jyist
BBIUMCJICHHSI TEPEMEIIEHUN MPU CTATUYECKOM HArpyKeHUU, HaOOp JaHHBIX, KPOME OMHMCaHUs
AJIEMEHTOB, JIOJDKEH COJEPKATh 3aITMCH O KWHEMAaTUUECKUX TPAaHUYHBIX YCIOBUSAX M HArpys3kax .
B yacTHOM cilydyae B KauecTBE Harpy30K MOTYT BBICTYIATh 3a/IaHHbIE 3HAUEHUS MepEMELICHUM.
Taxoke cieyeT UMETh BBUY, UTO €CJIM B HAOOpE TaHHBIX MPUCYTCTBYIOT 3aIIMCH, COJIEpKaIINe
MHOKUTEMH B (YHKIIMM BPEMEHH MpPH HArpy3kax M MEpPeMEeIICHHSIX COOTBETCTBEHHO, TO HX
3Ha4YeHUs OyayT ydTeHHI i MoMeHTa Bpemenu ¢ = (0. Kpome Toro, He00X01uM0O MpUCYTCTBUE
3amucu aTpuOyTOB 3a/add, U3 KOTOPOW HCIONB3YeTCs 3aJaHHas 4YacToTa Harpy3ku, T.C.
MOJIAraeTCsl, YTO BEJIMYMHBI  3aJaHHBIX HArpy30K W TEpPEeMEINICHHN HW3MEHSIOTCS C JTOU
4acToTOW. . B pesynbrare BBIYMCIEHUN HAOOp JAHHBIX JIOTIOJMHSETCS 3allMChIO, COAepIKallei
MePEMEIICHHS y3JI0B COOTBETCTBYIONINX aMIUTUTY/IE BEIHYKJIEHHBIX KOJICOAHUMN.

JIsi BBIYMCIIEHMS] COTJIACOBAHHBIX HAYaJIbHBIX CKOPOCTEH y310BBIX Touek KD-moxpenu
Ha0Op JaHHBIX, KPOME OMHCAHUS AJIEMEHTOB, JIOJDKEH COACpPKaTh 3alUCH O KHHEMaTUYECKHX
TPaHUYHBIX YCIOBHUSAX M 33JJaHHBIX HAaYallbHBIX CKOPOCTAX. B pesynbTaTe BhIUMCICHUN HAOOp
JTAaHHBIX JIOTIOJHSAETCS 3aluChio, COAEpKaIledl COIIaCOBaHHbIE HadalbHbIE CcKopocth KO-
MO/ICIIH.

JIns BBIYMCIIEHHS] COTJIACOBAHHBIX HAYaJdbHBIX NEPEMEIICHUN Y3JI0BbIX TOo4Yek KO-
Monenu  Habop MJaHHBIX, KpPOME OIMHCAHUS DJIIEMEHTOB, JOJKEH COJIEpKaTh 3amuch O
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KMHEMAaTUYECKUX TPAHUYHBIX YCIIOBUAX, HArpy3Kax W 3aJaHHBIX HAYaJIbHBIX MEPEMEIICHUAX.
Taxke kak M B cilyyae CTaTMYECKOI'O HArPY)KEHUs, €CIM B HabOpe AAHHBIX NPHUCYTCTBYIOT
3allUCH, COJEpKAlle MHOXHTEIN B (YHKIMH BPEMEHU INPU HArpy3Kax M MHEpeMeIIeHHIX
COOTBETCTBEHHO, TO MX 3HAdeHUs OyAyT ydyTeHbl Ajsi MOMeHTa BpemeHu t=0. B pesynbrarte
BBIUUCIICHUI HAOOp NaHHBIX JOMOJHIETCS 3alMChIO, COAEpIKAIleH MepeMelIeHUs Y3JI0B Ipu
CTaTHYECKOM

Jlns BbIUMCIIEHUS TTapaMEeTpoB Ipoliecca TeIUIonepeaaun y3JoBbIX Touek KO-monenu
HaOoOp JaHHBIX, JOJDKEH COJepXkaTb 3allCH OIMCaHMWs CBOWCTB MaTepuasa, 3JIEMEHTOB
(0OBEMHBIX, CTEp)KHEH M IUIACTHH) M TEIUIOBBIX HArpy3oK. B pesynbTare BeIuHMCIeHHN HaOOp
JaHHBIX JIONOJHUTCA 3allMChI0 TEMIEpAaTyp B y3JIax IPH yCTaHOBUBLIEMCs Ipouecce. s
pacuéra HeCTallMOHAPHBIX MPOILIECCOB HEOOX0AMMA, KaK U MPHU PEIICHUN TUHAMUYECKHUX 3a/1ad,
3anuch arpuOyTOB 3ajauu, cojeprKalllas MHTEpBaJl M IIar MHTErPUPOBAHUS 1O BpeMeHH. B
pe3yabTare BBIYMCICHUN HAOOp NAaHHBIX JOMOJHAETCS 3alUCAMH TEMIIepaTypbl B y3jax Ha
Ka)KJIOM L1are MHTErpUpOBaHUs 110 BPEMEHH.
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7.5. OcobeHHOCTM pacyeTa KOHCTPYKLMUM COCTOSALMUX M3 apMUPOBaHHbIX
MaTtepuanos

OObeMHBIM apMUPOBAHHBIM KOHEYHBIM JJIEMEHT TIPEJICTaBIACT COOOH OOBIYHBII
00BEMHBI KOHEUHBIN 3JIEMEHT C BOCBMBIO y3JIaMH (T€Kcadap), KOTOPBIH, IpU HEOOXOJUMOCTH,
MOJKET BBIPOXKIATbCA B JIEMEHT C MEHBIIUM YHUCIOM Y3JI0OB JI0 TeTpa’dapa. OTiudueM B
JAHHOM ClIy4ae SBJIS€TCS NPUCYTCTBUE B JIEMEHTE HapsALy € MaTepUajoM HaIOJHUTENIEM
Mmarepuaiga apMaTypbl. [Ipy moCTpoeHMHM MaTpHUIl 3JI€MEHTa I0JIaraeTcsi, YTO HalOJHUTEIb
UCTIBITHIBAET OOBEMHOE HANpSHKEHHOE COCTOSIHME, a apMarypa CTEp)KHEBOTO THIIA TOJIBKO
pacTshKeHHe-cKaThue  BJIOJIb  CTEPKHEH. [Tonaraercs, Takxke, YTO PACCTOSHUA MEXIY
CTEpXKHSIMU apMaTypbl Majlbl 110 CpPaBHEHHUIO C pa3mepamu 3iemeHTta (meHee 0.2 or
MHUHMMaJIbHOro pazmepa K3 BI0Ib KOTOPOro M3MEpPSIETCs pPAacCTOSHHE MEXIY CTEPXKHSAMHU).
Janee, mnomaraeTrcs, 4TO YacTOTa pACHOJIOKEHHS apMarypbl pa3jiMyHa [0 Ppa3IndHbIM
HalpaBJIeHUsAM cUcTeMbl KoopauHat. CBoiicTBa Marepuana U apMaTypbl paziauuHbl. OCHOBHBIM
O0OBEKTOM aHaiM3a B JIAaHHOM Cllydae SBIISIOTCSI IPOCTPAHCTBEHHBIE KOHCTPYKLUHU C
OTHOCHUTEJIbHO OOJIBIION TOMIMIMHOM cTeHok. Haubonee THUNMYHBIM pacyeTHBIM Cllydyaem MJis
JAHHOTO 3JIEMEHTa SIBJISIETCSl pacueT *ene300€TOHHOM KOHCTPYKUHH.  3aBUCHUMOCTb MEXAY
HanpsDKeHUs MU U JlepopMallMsIMU B MaTepualle IoJlaraercsl JMHEHHOW Kak sl apMHUPYeMOro
Marepuaia, Tak ¥ Ui MaTepuana apMmarypel. [lepememenuss u nedopmanuii apmMarypel U
HAIOJIHUTEJIS TOoJaratoTcs COBMeCTHbIMH. CienoBaTenbHO, MO0 00bEMY KOHEYHOIO 3JIEMEHTa
negopManuu M MEepeMeIIeHUs] apMaTypbl U HANOJHHUTENS B KaXIOW TOYKE ONPENEeNIIOTCS B
COOTBETCTBUM C 3aBUCUMOCTSMHU JUIs JaHHOT O TUIla 37eMeHTa. Ilonaraercs, Takxe, 4To MOyJb
YOPYrOCTH MaTepuajga apMmaTypbl 3HAUMTEIbHO BBIIIE MOJYJIS YHOPYrOCTH Marepualia
HaIOJHUTEIS. OnucaHHble BbIIIE JIOMYIIEHUS OTPAXaloT CleUUu(pUKYy paccMaTpUBaeMon
3anaun. Hapsay ¢ yka3aHHBIMHM JONYUICHUSMH IPU PELICHUU 3a]1a4M MCIIOJb3YIOTCS OOBIYHbBIC
s MKD nonmymenus.  AjiroputMbel (OpMHUPOBAaHUS M UCCIEIOBaHMS MOJAEIM OObEKTa MpU
pELIeHNH 3a/1a4 pacyeTa CTaTUYeCKOW U TMHAMUYECKON TPOYHOCTH B JAHHOM CIy4yae OCTaloTCs
06e3 u3MeHEeHuH . AnropuT™M (GOpPMHPOBAHHS MATpPUI] B JaHHOM clydae MpPaKTHYECKH He
oTnuyaercs or TpaauuunoHHoro s MKD . Martpuuel sneMeHTa nNpeacTaBisioTcs B BUIE
CyMMBI JIBYX MAaTpHI, ONIUCHIBAIOLINX CBOMCTBa MaTepHaja HAMOJHUTENS U apMaTypbl
COOTBETCTBEHHO. Ilpu ommcaHuM apMHpyeMbIX 3JIEMEHTOB CTENEHb apMHUPOBAHMS JIEMEHTA
3agaercs Tpemst KoapduuueHtamu Ax, Ay U Az, XapaKTepU3YIOIIUMHU OTHOIIEHUE IUIOIIAIH
apMaTypbl K IUIOIIAM MaTepuaja HaroJHUTENS JIJs CTep KHEW apMaTypbl OpUEHTUPOBAHHBIX
B HAIIPaBJICHUU OCEM oX, 0y M 0z COOTBETCTBEHHO JIOKAIBHON CHUCTEMbI KoopauHar KO .
OpueHTanus JoKanbHOM cuctembl koopauHat B KO nanHoro tuna onucana .m.2.3.1.

IIpn ommcanun apMuUpOBaHHBIX 3jeMeHTOB rpynne KO onucaHHol B KOHKpPETHOM
3aMMcH, coleprKallel MHIEKChl 0ObEMHBIX 3JIEMEHTOB, JOJKHBI MPEIIeCTBOBATh IBE 3allMCH,
coJepKallie JaHHble O MEXaHWYECKMX CBOMCTBAaX Marepuajla apMaTypbl M HaIlOJHUTEI
COOTBETCTBEHHO. JlJii MaTepuasoB C HEIMHEHHOW 3aBUCHUMOCTBIO MEXAY AepopManusiMu U
HaNpsOKEHUSMU B ONMCAaHUHM MEXaHUYECKHX CBOWCTB JOJDKHA COAEPIKATHCS TaOIMYHO 3aJaHHYIO
3aBHCUMOCTh MEXIY AedopMallusiMy U HanpsoKeHUsIMU B MaTepuarne. [Ipu aTom nepen 3anuceio,
ONMCHIBAIOLIEH TOIOJIOTHIO  APMUPOBAHHBIX JJIEMEHTOB, JIOJDKHA pACIIONAaraTbCsl 3alluCh,
3ajaonias  Kod(pGUIMEHTHl  apMUPOBAaHHUS 3JIEMEHTOB IO HAIMpPABJICHUSM OCEH JIOKAIbHOMN
cuctembl koopauHar KO. [l pa3HBIX DJIEMEHTOB  ONMCAHHBIX B KOHKPETHBIX  3aIMCSX
KOA(p(UIUEHTHl apMUPOBAHUS MOTYT OBITH PA3IUYHBIMU U 3aJ1aBaThCs B 3amlucsX,
IPEIIECTBYIOIIMX KOHKPETHBIM 3alUCSM, COAEPKaIllMM HHJIEKChl OOBbEMHBIX 3J1eMeHTOB. U3
M3JI0’KEHHOTO BBIIIE BUJIHO YTO MPH IPU ONMMCAHUM apPMHPOBAHHBIX KOHCTPYKIUH CYIIECTBYET
MO3UIMOHHAs  3aBUCHUMOCTb MEKIYy 3allUCSMU OIMCBHIBAIOIIMMM CBOICTBA MaTEpHUajoB U
TOMOJIOTHIO 3JIEMEHTOB, KOTOpas HYXJIaeTcsi B HEKOTOpbhIX MoscHeHusix. Huke mnpuseneH
npuMep CTPYKTypel HaOopa. Takum o00pa3oM MpH H3MEHEHHMHM MaTepuaja HaIlOJIHUTENS
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HE00X0/MMO BHOBb BBOJUTH JAHHBIC I MaTepHaja apMaTypbl HHa4e B KauecTBe
MaTtepuaiga apMmarypbl OyleT NpUHAT MaTepual Mpeblayniero Hamoinurtens.  Jlucrosas
apMaTypa paccMaTpHBaeTCsi KaK OOBIYHBIC SJIEMEHTHl IUIACTUH JAe(OpMUpYyEMbIE B YIPYro-
IJIACTUYECKOM 00JIaCTH U AaHHBIE 00 WX TOMOJOTHH JOJKHBI PAacloaraThCsi HEMOCPEICTBEHHO
II0CJIE IAHHBIX O MaTepHalle apMaTyphl.

-K03(PUIMECHTHI apMUPOBAaHHS IS DJIEMEHTOB, COCTOSIIIMX W3 Marepuana 2
apMUPOBaHHBIX MaTepHasioM |

... TOTIOJIOTHS ¥ CBOMCTBAa OOBEMHBIX DJIEMEHTOB, COCTOSIIUX U3 MaTepualia 2

aApMHUPOBAHHBIX MaTepHAIIOM |

-K03(pPUIMCHTHI apMHPOBAHHUS IS JJIEMEHTOB, COCTOSIIMX W3 Marepuaina 2
apMUPOBaHHBIX MaTepraiioM | ( HOBbIC 3HAYCHUS )

... TOTIOJIOTHS ¥ CBOMCTBAa OOBEMHBIX DJIEMEHTOB, COCTOSIIUX U3 MaTepralia 2

apMHUPOBAHHBIX MaTEpPHAIIOM |

Crnenyer uMETh BBUJY, UTO NPU PELIEHUH 33]a4 pacueTa apMUPOBAaHHBIX KOHCTPYKLIUH B
JIMHEWHOM IOCTaHOBKE IIPU ONPEIEICHUH IIEPEMEIICHNI HEIMHEWHOCTh CBOMCTB MaTepuayia He
YUUTBIBACTCs. BBINOIHAETCA TONBKO y4eT BO3MOYKHOCTH Pa3pyLICHUs MaTepHUalla HaIlOJIHUTEIIS
IIpY  BBIYMCICHUM HampspkeHud. Ilpm 3TOM mosaraercs, 4YTO YCWINMS HUCHBITBIBAEMBIE
HAIlOJIHUTEJIEM [0 pa3pylIeHUs BOCIPUHHUMAIOTCA IIOCIAE €r0 paspylleHWs  MaTepuaioM
apMaTypbl, YTO YYHUTHIBACTCA INPHU BBIUMCICHUM HalpspkeHUd B apmarype. llpu stom B
KaueCTBE IPENEIbHOIO 3HAYECHMs HANPSIKEHHs, BBI3BIBAIOLLIEIO paspylleHHEe Marepuaia,
UCIOJIb3YeTCSl MaKCHMaJbHOE 3HAUEHHME W3 TaOJIMIbI, 33aJaHHOW B 3aIMCH, OMMCHIBAIOLIEH
MEXaHUYECKHUE CBOMCTBA MaTepuaa.
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7.6. ATpubyThI 3apay

[Tox arpuOyramu 3amaud Moapa3yMmMeBaOTCS MapaMmeTpbl, HEOOXOAMMBIEC IJis pElICHUs
KOHKPETHBIX THIOB 337ad. ATpHOYTHI [UIsl BCEX THUIOB 33Jay FPYHNIUPYIOTCS B CIELHUAILHYIO
3aIuch, KOTOpasi B HA0OPEe COJACPKUTCS B €TUHCTBEHHOM JK3EMILISIpE.

B obmem ciydae 3anuch ¢ arpubyTamMu 3a7ad COJEPKUT CIEIYIOIIYI0 HH(OpMAIHIO,
KOTOpast yCJIOBHO OOBEAUHSACTCS B CIEIYIOLINE IPYIIIIbI.

1. O6mue napamerpol. K o0mum nmapamerpam OTHOCUTCS:

- yCIIOBUE y4€Ta FeOMETPUYECKON HEIMHEHHOCTH, MIIM OOJBIINUX ITEPEMEIICHUN;

- yciioBue y4éta pu3ndeckoil HeTMHEWHOCTH;

- COTJIACOBAHHOCTD PEIICHUS 3a]1a4 TeIUIONEpeIaun U MEXaHUKU;

- METO/JI PELLICHUS] CUCTEMBbI JINHEHHBIX aJlreOpanveckux ypaBHEHU;

- MPEJEIbHOE YUCIIO UTEpalluii U MAaKCUMAJIbHO JOMYCTUMAs MOTPELIHOCTh /I UTEPAIlMOHHBIX
MIPOLIECCOB.

Ecmu ipu hpopmupoBanum 3anucu ar HEOOXOIUMOCTH yIETa OOJBIINX TePEeMEIICHUN
HE VYCTAHOBJIEH, TO TMpPHU pEUIEHUU BCEX 3aJay, [EPEMEIICHUS CUUTAIOTCS MaJlbIMU
(reomeTpuuecKu JIMHEWHAs 3a/lada) W CTPYKTypa MOJeNIM HeusMeHHoH. [l permeHus
CTaTHUYECKOH 3a/1a4uu 1o Ae(POpMUPOBAHHOM cXeMe, Y4€éTa KHHEMAaTHUYECKHUX MepeMelleHUui Mpu
peuIeHun 3a/layd  JUHAMUKH, KHHEMaTUYeCKOrOo aHaliu3a MEXaHM3MOB WJIM pPa3pyIICHUs
3JIEMEHTOB, 3TOT (pyiar HEOOXOAUMO YCTAaHOBHTb.

Yuér (Pu3NUecKoil HENMHEHHOCTH BBITONHACTCS TPH COOTBETCTBYIOIIEM 3aJaHUU
XapaKTepUCTHK MaTepuana (KpuBoil nedopMupoBaHus, 3aBUCUMOCTH) U YCTaHOBKe ¢uiara yuéra
¢usnueckoil HenmHeiHOCTH. Ecnmm ¢uar He ycTaHOBIIEH, TO 3ajJadya pacCMaTPHUBACTCS Kak
buznyecKu TMHEHHAas HE3aBUCUMO OT YKa3aHHBIX CBOWCTB MaTepUasoOB.

CoriacoBaHHOCTh  pEIICHUS] 3a/Jady JIMHAMHKA MOXET OBITh JBYX BHJOB —
uH(popMallMoHHas (TpeArnoiararm@as IMocleoBaTeIbHOEe pelIeHne 3a7ad), U COBMECTHOE
pemenue. IlocrnenoBarenbHOE pelIeHHE IPEAINoaraeT BBIYMCIEHUWE TEMIEpaTtyp B y3lax, a
3aTeM MepeMeNIeHnid. ITOT crnocol yao0eH AJs clydaeB, KOTr/la YCIOBHsSI TEIUIONEpeaud MOTYT
CUMTAThCS HE3aBUCAIIMMM OT MapaMeTpoB JBHKeHUs 00bEkTa. Ilpu mapamnenbHoM crocobe
BBIUMCIICHUI TeMIepaTyphl BEIYUCISIOTCS OJJHOBPEMEHHO C TIEPEMEIICHUSIMH. ITO HEOOXOIMMO
B CllydasiX, KOTJja YCJIOBUS TEIUIONEpEeaaund 3aBUCAT OT IapaMETPOB ABMKEHHUS OOBEKTa
(Hamu4Me KOHTAKTHBIX B3aMMOJECHCTBHI, TEINIOOOMEH MEeXAy padOYuM TeJIOM TUIPO- WU
MTHEBMOIIPUBO/Ia M CTEHKaMHU TPyOOTIPOBOIOB | JIp.).

OCHOBHBIM METOJIOM pEHICHUS CHUCTeMbl JUHEHHBIX alreOpanyecKux ypaBHEHUH
sBisieTcst MeTo ['aycca. OH, B OOJBITMHCTBE ClTydaeB, o0ecrieynBaeT 00siee BHICOKYI0 TOYHOCTh
pemienusi. OJHaKo, NpU PEIIEHUH 3a0ad BBICOKOM pa3MEpPHOCTH, B YaCTHOCTH, A
MHOTOCBSI3HBIX CHUCTEM (MOJIETTH KOPITYCHBIX JeTaled U3 OOBEMHBIX IJIEMEHTOB U T.II.) METOJ
COTPSKEHHBIX TPAIMEHTOB 3HAUUTENHHO Y PEeKTUBHEN

[IpenenbHOE€ YMCIO wWTEpalii W MaKCUMAJIbHO JIOMYyCTUMAas TMOTPENTHOCTh  JUIst
UTEPAlMOHHBIX TPOILIECCOB. 3aMaloTcsd TpPH HEOOXOIUMOCTH UTEPAIMOHHOTO YTOYHEHUS
pEIIeHUs], HallpuMep MPH YIETEe TeOMETPUIECKON 1 (Min) GU3NIeCKON HeTUHEHHOCTH, HATMYUN
BHEIIHUX HArpy30K, 3aBUCAIMX OT MapaMeTpoB JBWKEHHUsS. PexomeHJyemble BelWYMHA
MaKCHMalbHO-JomycTuMoit norpemsocty 104 - 10 . TlpenensHoe umcio urepamuii mo
YMOJIYaHUIO NpuHUMaeTca paBHbIM 10. UTepaninoHHOE yTOUHEHHE PEIICHUS ,BBINOIHIETCS MpU
pacuére mapaMeTpoB CTAI[MOHAPHBIX U MEPEXOIHBIX MPOLIECCOB.

2. ATpuOyThl Ans 3amaq JUisl TUHEHHOW CTaTHKHU. 37ech 3alaéTCs TOJNBKO OJIMH TapamMeTp —
quciao (GopM TMOTEPH YCTOWYMBOCTH, KOTOpPBIE TpeOyeTcss BBIYUCIHTH. [Ipu 3amaHum 3TOTO
napaMerpa OONBIIEro HyNIs MPU pPEIICHUW 3aJa4yd JTUHEHHOW W HEIMHEWHOW CTaTHKU
ABTOMATHUYECKH BBIYUCISAIOTCS (POPMBI TOTEpU yCTOWYMBOCTH. [lpm »TOM, ecnmu 3amaHo
HECKOJIbKO BAapUAHTOB COYETAHWW HArpy30K, BBIYUCICHHUS BBIMNOJHAIOTCS M1 KaXJI0ro
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BapHaHTa. 3a/1aBaeMoe Yyuciio (opM NOTEPU YCTOHUYMBOCTH MOKET HAXOAUTHCS B Ipezenax oT 3
1o 50.

3. ATpuOyThl Ans 3aJad JUHAMUYECKMX W HECTAllMOHAPHBIX IIPOLIECCOB. 3ECh 3aJal0TCs
CIIEAYIOIINE TTapaMeTpBbl:

- HHTEPBAJ U IIar UHTETPUPOBAHUS 110 BPEMEHH;

- METOJ UHTETPUPOBAHNUS 10 BPEMEHH;

- IOPOrOBOE 3HAYEHUE OTHOCUTEIILHON CKOPOCTHU IIPU YYETE CUJI TPEHUS;

- JIONIOJIHUTEIbHOE YCIIOBHE MTPEKPAIIEHUS CUETA IO EPEMEILIEHHSIM;

- IOTIOJTHUTEIILHOE YCIOBUE MPEKPAIIEHUs CUETA [10 CKOPOCTSIM.

WHTepBai u mar HHTErpupoBaHus 110 BPEMEHHU 33/Jal0TCs B CEKYHIAX.

[lo ymon4aHuIO UCIIOJIB3YETCSl HESIBHBIM METOJ] MHTErprupoBanus. Eciu npeanonaraercs
UCIOJIb30BaHUE IBHOTO METOJ]a MHTEIPUPOBAHUS, TO 3TO HEOOXOAUMO YKa3aTh, yCTAaHOBUB (hiar
B COOTBETCTBYIOIIEH CTpPOKE. SIBHBIM METOJl MHTETPUPOBAHUS OOBIYHO UCIIOJIB3YETCS TOJIBKO IpU
pelLeHNH 3aa4 pacpOCTPaHEHUs BOJIH YIpyroi aedopmaru.

[loporoBoe 3HaueHHE OTHOCUTENIBHON CKOPOCTU MpHU Y4ETE CUJI TPEHUS HEOOXOAUMO
yKa3blBaTh BCJEJICTBUE TOrO, YTO B YpPaBHEHUHU [BH)KEHUS 3Ta BEIMYMHA INPHUCYTCTBYET B
3HaMeHaTene, U HCKYCCTBEHHO NPUHHMAETCS, YTO OHA HE MOXKET OBITh MEHee HEKOTOPOro
[IOPOrOBOTO 3HAu€HUs. OTO O3HA4YaeT, YTO IPH OTHOCUTEIbHBIX CKOPOCTAX TPYLIUXCS
MOBEPXHOCTEH MEHBIINX TOPOrOBOTO 3HAYEHUS CWJIa TPEHUs OyJdeT JIMHEHHO 3aBHCETh OT
CKOpOCTH. Maible BEIMYMHBI [TOPOTOBOM CKOPOCTH IO3BOJISIOT IMPOMOJEIUPOBATh SBICHUS
“cTparuBaHus”’, HO TpeOYIOT MTEPALMOHHOTO YTOUHEHHUS pEIIEHUs Ha KaXIOM Liare
MHTETPUPOBAaHUS M Majoro Imara no BpeMeHH. Ecimu storo He Tpedyercs, TO MOPOroBoe
3Ha4YE€HHE CKOpoCcTH V), cienyeT npuHuMath B uHTepBasiec 0.05 Vi <=V, <=1.0 ,tae Via -
MaKCUMaJlbHasi 0KUJjaeMasi OTHOCUTEIIbHASI CKOPOCTh TPYIIUXCSI TOBEPXHOCTEH.

JlomoIHUTENBHOE YCIOBHE IpEKpallleHus: cuéra MO IMepeMEelIeHUs M 3aaéTcs B BUJE
HOMEpa Yy3/1a, HalpaBJIEHUS MEepeMELIeHUs W MaKCHUMaJIbHOI'O M MHUHUMAJIBHOTO 3HAa4YeHUs
MEepPEeMEIIEHUI, TpPU KOTOPBIX BBIYUCIECHUS CJIEIYyEeT OCTAHOBUTh. AHAJIOTMYHO 3a1aéTcs
JIOTIOJIHATENBHOE YCIOBHE MPEKPALLIEHUS CUETA IO CKOPOCTSIM.

4. AtpuOyTsl A5 3a/1a4 CTAIlMOHAPHBIX MPOLECCOB. 3A€Ch 3aJat0TCs Y3JI0Bble HEM3BECTHBIE NS
OJTHOMEPHBIX M OOBEMHBIX 3JIEMEHTOB MXHJIKOCTH. BO3MOXKHO HCIOJB30BaHHE JIBYX THIIOB
Y3JI0BBIX HEU3BECTHBIX — MIEPEMEIIEHUS U CKOPOCTH.

IIpy wncnonab30BaHMM NEpEeMEIIEHUH 3JeMEHTBl KHMJKOCTH pacCMaTpUBAIOTCS Kak
aneMeHThl Jlarpanka (y3j70Bbleé TOYKH CBSI3aHbl C KOHKPETHBIMM TOYKaMU MOJEIUPYEMOTO
00BEKTa), U IPU PELICHUU CTAaTHUECKON 3aJjauu ONpeensieTcs UX CTaTHYeCKOe paBHOBECHE.

[Ipu ucnonap30BaHUM B KAUECTBE Y3JIOBBIX HEU3BECTHBIX CKOPOCTEH 3JIEMEHTHI KHUIKOCTU
paccMaTpUBAIOTCS KaK JIeMEHTHI Diiepa (y3/10Bble TOUKH OPUEHTHUPOBAHbBI B IPOCTPAHCTBE), U
IIpU PEIIEHWH CTATUYECKOM 3a/auM ONpEeeNseTcs HMX pPaBHOBECHE NPU YCTAaHOBUBIIMXCS
CKOpOCTSIX ABMIKEHHs KHUIAKOCTU. [Ipu 3TOM Ui 371€MEHTOB TBEPAOro aehOpMUPYEMOTo Tena
y3J10Bbl€ HEM3BECTHBIE BCET/1a IEPEMEIICHUSI.

5. ATpuOyTsl 115 3a7aun pacdyéra 4acToT U (opM COOCTBEHHBIX KoJIeOaHUH. 371ech yKa3bIBaeTCs
YHCIIO COOCTBEHHBIX YaCTOT, KOTOPble HEOOXOAMMO BBIUUCIINTD, @ TAK)KE HUKHSS 4acTOTA, BbIIIE
KOTOPOH pacroiaratoTcsi MoAJIeKaliue BhIYUCICHUIO YacTOThl. YUCIO0 cOOCTBEHHBIX YaCTOT HE
JOJKHO MPEBBIIIATH YHCIIO Y3JI0B MOJENH, a TakKe He MokeT ObITh Oonee 90. Ecnu tpebyetcs
BBIUUCIIUTH OOJbIIEe YUCIO COOCTBEHHBIX YAacCTOT, TO 3TO CIEAYET JeiaTh IOCIeI0BaTEeNbHO,
BBIUMCIISISE TPYIIBI YacTOT, yKa3blBasl MPU 3TOM B KaXJI0H MOCIENyolIel TIpylie B KauyecTBe
HIDKHEH 4YacTOThl MaKCHMAaJbHYIO YacTOTY, MOJYYEHHYIO NMPH pacuére MpeablayIield TPyl
IIpu pacuére CcOOCTBEHHBIX YACTOT HE3AKPEIUIEHHBIX KOHCTPYKIMH MUHUMAJbHYIO
COOCTBEHHYIO YacTOTY CIIEYeT yKa3bIBaTh 0053aTENBHO.

6. ATpuOyThl /U 3a7auM pacuéTa aMIUIMTYJ BBIHYKJACHHBIX KojeOaHuM. 3/1ech yKa3bIBarOTCs
MUHHUMaJIbHas U MaKCHMalbHas 4acTOTa BO3MYIIEHHUS, a TaKKe IIar 1o 4acToTe, C KOTOPBIM
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BBIYUCIIIIOTCS.  aMIUTUTY/Ibl BBIHYXKACHHBIX KojeOanuil. Ecnu mar mesnpme uiam pased 0, To
BBIUMCJICHHSI BBINOJIHAIOTCS TOJIBKO Ui MUHHUMAJIBHOIO M MAaKCHUMaJIBHOIO 3HAYE€HUN YacTOT
BO3MYILAIOLIETO BO3/JEUCTBHUS. Ecin MakcumallbHas 4acTOoTa MEHbIIE WM paBHA
MUHUMAaJIbHOM, TO BBIYUCIAIOTCS TOJIBKO AaMIUIMTYAbl NP MHHMMAJIBHOM 4acToTe
BO3MYIIAIONIETO BO3ACHCTBUA. MUHUMabHAs 4aCTOTa BO3ACUCTBHS IOJDKHA ObITh Oosbie 0.
Jl1s HEKOTOPBIX THUIIOB 3aJ]1a4 [IPU ONpPeIEIEHHBIX COUETaHUSIX ITapaMeTpPOB aTpUOYTOB HE
Tpebyerca. Hampumep, s pemieHuds 3a7ad  JUHEWHOW W HEIMHEWHOW  CTaTHKH,
TEIUIONPOBOAHOCTH IPH CTALMOHAPHBIX Ipoleccax M pacuéra 4acToT U (GopM COOCTBEHHBIX
kosiebanuid. [1pu oTCyTCTBUM 3amucu ¢ aTpuOyTaMu Ui STHX 33]a4 PELICHUE BHIMOIHACTCS TPU
CIIEIYIOIIMX IIapaMeTpax:
1. st cratudeckoit 3a1a4uu:

-IIEPEMEILECHUS CYUTAOTCS MaJIbIMU;

-JU1s1 JIMHEHHO-YIIPYroro Marepuaja 3ajadya CUMTAeTCsl JIMHEHHOM, IpU 3aJaHUU KPUBBIX
ne(OopMHUPOBAaHUS U 3aBUCUMOCTEH CBOMCTB MaTepualla OT TeMIIepaTypbl YUYUTHIBACTCS
busnUecKas HeJTMHEHHOCTD;

-B KaueCTBE Y3JIOBBIX HEHU3BECTHBIX JUISI OJIHOMEPHBIX U OOBEMHBIX JIEMEHTOB KHUJIKOCTU

HCIOJIb3YIOTCS IEPEMELIEHHUS], T.€. 3TU AJIEMEHThI PACCMAaTPUBAIOTCS KaK JIarPaHKEBBI.

2. Pemenue 3a1a4 Temaonepenayu 1 MEXaHUKU BBIIOIHIETCS [1OCIIE0OBATEIBHO.
3. Ilpu pacuére yactoT u (HopM COOCTBEHHBIX KOJEOAHHI ONPENENSIOTCS MEepBhIe mecTh GopM
KoJieOaHUi, HAUMHAsl C MUHUMAaJIbHOM 110 4acTOTe.
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