MMMMMM
nnnnnnnnnnnnnn
M NOMCKA pellennH
eeeeeeee

4

I

NOMCK _
NPUHUMNOB AEACTBUA
TEXHUYECKUX CUCTEM




B. H. I'"IA3YHOB

[TOHCK
[MPUHLIHUIIOB
NENCTBUY
TEXHUYECKHX
CHUCTEM



YIK 658.512.2

METOIbl AHAJIM3A TIPOBJIEM Y ITOHUCKA
PEMIEHUN B TEXHHUKE.

Cepus meroduuweckux nocobuil. Paspabareisaerca u uszdaerca no UHUYUG-
TUBE U NPU YHACTUU HAYYHO-TeXHU4eCKoeo Kooneparusa «Merod».

Knura 4

Pepakunonnas KoJujiezusi:

Trasynos B. H., Baiinepman M. H., T'oadosckuii 5. H., Hocypko B. A.,
Tpauwes C. H, Kydpasyes A. B., Osuunnuxkos E. A., Ceeracs H. M.,
¥saposa B. E.

Faasynos B. H.
[Tonck NPHHUKIOB AEHCTBHS TeXHHUECKHX cucTeM. M., «Peus
HOHU TpaHcmopty, 1990.

B nocobun paccMaTpuBaerci KOMOGHHATODHHA METOX pelleHHs H3o6pera-
TeNbCKHX 3afa4, LeJbl0 KOTOPHX SIBJIsfETCS pa3paboTKa NPHHIUNHAJBHO HOBHIX
TEXHHYECKHX CHCTEM DasJHMYHOro (yHKUHOHAJBHOrO HasHayeHus. Ocoboe BHH-
MaHHe yleJeHO BONPOCAM NPAKTHYECKOro HCIOJNb30BAHHS STOrO0 METOAA.

[IpepsioxkeHo u o6ocHOBaHO MoHsiTHe 3ddeKTa, MPHMEHHMOE B pAasJHYHHX
o6aacTsix HAayKH H TeXHUKH. Paspa6oraH MaccHB, COCTOSIHA H3 GoJjee 300
a¢deKTOB, a TaKXKe aJrOPHTM, MO3BOJSIOIHA Ha OcHOBe 3ddekToB ¢opmHu-
poBaTh NPHHUHMNM JeACTBHs TeXHHYecKHX ycrpofictB. Hanoxkenne reoperuuec-
KHX BONPOCOB COMPOBOXKAA€TCS NpHMepaMH M3 Pa3jHYHHX OTpacjefi 3HaHHA,
a H3yyeHHe aJrOPHTMa — NPHMEPAaMH pellleHHs NpaKTHYecKHX 3anad. Kpome
TOro, mocobue COAEPKHT MOAGOpPKYy yyeOHHX 3anay, NpeJHA3HAYeHHHX AR
CaMOCTOSITEIbHOrO pelIeHHsl.

Kuura paccynTaHa Ha WIHPOKHA Kpyr yuHTaTesNefi: HHKeHepoB, paspabort-
YHKOB HOBOH TEeXHHKH, H3o0peraTesiel,, CTYAEHTOB TeXHHYECKHX BY30B, PYKO-
BOJHTeJIEH TPynn KayecTBa H TBOPYECKHX KOJIEKTHBOB. OcoOHA HHTEepec OHA
npeicTaB/sieT [Js CHeUHaJHCTOB MO 3KCMEPTHHM CHCTeMaM B 06JacTH H30-
6peraTenbcTBAa H NOBHINEHHS KayecTBAa MPOAYKudH. Bymer nosesHa pasa rex,
KTO 3aHHMAaeTcsl BONPOCAMH' NPEACTABJIEHHS 3HAHHH.
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HNPENHCJ/IOBHE

B nocaednee epems umdgenepam, paboTarouum 6 pA3AULHLIX O6AGCTA®
TexKuKu, ece uauje npuxoOuTCR CTAAKUBATOLCA C HEO6XOOUMOCTHIO 3AHUMATLCR
paspaboTkold nNPUHYUNUANLHO HOBbIX YCTPOICTS8, npubopos u TexHoaoeud.
Ilossarenue nodobueix 3adaw npoucxodur no 06ym npuuuxam: ubo Keobxo0-
Oumo yOd0s8reTBOPUTL KAHECTBEHHO HOBYIO nOTPebROCTb, aub0 Oarsuelwee
cosepulencT808anue U36eCTHOU TexHuweckod cucTemsl HeyeaecoobpasHo.

Ouesudno, 410 6 3Tux CAy4asx 6ecnoAe3HO NPUMEHATbL napameTpuxeckuld
[1] uau kaxod-aubo Opyeoldd merod cosepwencreosanus 3adanHK020 nPOTOTU-
na, TaKk KaKk HYoCHbL NPUHYUNUANGHO HOBble Texwuweckue ycrpoucrea. I1oaro-
My celivac pa3pabarsi8aoTCa MeToObL, KOTOpble MOMHO 66110 66l UCNOAL3O-
8aTb HA HAYANGHOM, Hauboaee CAONHOM 3Tane 6ecnpOTOTUNHO20 npPOEKTUpO-
eanus. Hx npumenenue no3eoauUT HAXOOUTb HECKOALKO BaPUAHTO8 NpUHl-
nos Oedcreus (Qusuteckyro OCHOBY) nNPOEKTUPYEMOR TexXHU4ecKod CucTembs.

Onpedeaennsie ceedenus o nodxodax Kk peuwienuto 3adadu Gopmuposanus
npunyunos OeiicTeus usroxnens. 8 nepsoll u so 8TOpodl KHuzax Oannold ce-
puu [2, 3]. O0naxo nauboaee nOAHYW MeTOOOAOZUHECKYIO 3ABEPUIERHOCTL 3TW
udeu noayuusu 8 paborax A. H. Illoaosunxuna [4, c. 100—130] u M. &. 3a-
punosa [5]. 3tu uccaedosaresu npediOKUAU, COOTEETCTBEHHO, METOO CUKTE-
sa ¢usuueckozo npunyuna deticTéus u 3IHepeo-unopmayuornbll meroo.

Ilo yreepocdenuro asTopos Oannslx meT0008, yxe ced4ac ¢ ux NOMOUybLIO
MOJMCHO noayuurs pad unTepecnbix Texnuweckux pewsenud. OOnako wupoxui
Kpyz usobperaTeseild u pa3paboTHUKO8 HOBOU TEXHUKU He MONCET UCMOAb30-
8ary ux 8 ceoeld npaxkTuweckol O0eATessHOCTU. ITO CBA3AHO C TEM, HTO 6
noanom obveme 6asel 3nanull ITux merodos 0o cux nop He onybAUKOBAHbL.
Huenno 3aror npobea 8 OTedecT8eHHOX auTeparype no TeXHUYECKOMY T8Op-
4ecTey u MeTodoA02UU NPOEKTUPOBAKUR OOANCHA BOCNOANUTL OAHHAA KHU2G.

B neit usioxmenst Konyenuyus u HoOpmaru3o6anHull aA2OPHTM KOMOUKA-
TOpHO20 MeToda ¢ 6a3od 3nanud, codepiaujell céederus U3 pPASAULHBLLX eC-
TecTBennblx U Texnudeckux nayx. Kombunayuu saementos 6ase. 3nanud, no-
AYHeHHble no OnpedeneHHbiM NPABUAAM, U REARIOTCA UCKOMbIMU NPUHYUNGMIL
Oeidcreun. Ipu docrarouno passuroll Gase 3HARUL C NOMOWLIO KOMOUHATOP-
K020 MerT00a MONMHO HAXO0UTb TexHu4ecKue peuwenus KA YpoBHe «nuoHep-
ckux usobperenuil», TO ecTo peweHus, OTKpuigaroujue cobod wrosbill Kaace
ycrpolcTs uau rexrnoaoeud.

Kpome 3rozo, pesyasrarsi, kOTOpsie YyOAETCA NOAYHATL C NOMOULLIO KOM=
6URATOPHO20 METOAA, MO2YT WCNOAbL308AaTLCA NPU NPOBedeRuu npozKO3a pas-
8UTUA KOHKPETHOd 06.4acTu TexHuxku, pa3paboTke u OCOCHOBAHUU Texruuec-
Kux 3adanud.

Kparko o codepacanuu krueu.

Ilepsan erasa noceawjena paspaborke nOKATUR 3pgheKTa, KOTOpOe Wit~
poKo ucnoav3yerca 8 cospemennod Hayke. Ilpedaoskena ¢opma Onucanus
8hheKTO8, KOTODYIO MOINHO NPUMEHATL 8 PA3AUYKLIX OTPACARX 3HaHud.
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Bo-g8Topoil 2rase paccmoTpenst C60UCT8A  COBOKYNHOCTU 3¢hhexTos, a
Taxkxe Hexkoropsle opmer ux npedcrasaenus. Ilokasano, KaxK, ucnoivsya no-
006Hble COBOKYNHOCTU, MOMHO pewsars 3adasd (HOPMUPOBAKUAR NPURYUNOS
delicTgus.

B nocaedned enase 2080putca O npAaKTUKe npumerenus KOMGUNATOPHO2O
meroda. Ilpuseden Texcr arzopurma meroda u npumepsl e20 UCNOALIOSARUS.
3asepwaer enasy nodb6opka onucanuli npobremusix cutyayud yuebKO20 Xas
pakrepa.

B npusosenunax 1+4 npueeden pad csedenud, kacaroujuxca 6a3vs 3HG-
Hud xombunaroprozo meroda.

BBOAHBIE 3AMEYAHHA

BosblUMHCTBO BO3HHKAIOWIHX B TeXHHKe npobaeM ynraercs pewath 8a
CueT COBEpLUEHCTBOBAHHsS YyXe€ HM3BECTHHX YCTpoHcTB H TexHosorui. Hy, a
Kak OBTb, €CJH Bce MNONHTKH YJYUYUIHTb XapaKTePHCTHKH CYLIECTBYIOLIHX
TeXHHYECKHX CHCTEM OKa3aJHChb HeYAAuyHHMH, HJH NOSBHJACh KayecTBEHHO
HOBasi MOTpPeGHOCTh H ee HEeBO3MOXKHO YJOBJETBOPHTb H3BECTHHMH TEeXHHYECe
KUMH cpeacTBaMH? B arom cayuae roBopsT, 4TO Pa3pabOTKy NPHXOLATCS Hae
4HHaTb «C Hyas». Bosee cTporo mpoekTHpoBaHHE B TAKHX YCJIOBHSAX NPHHATO
Ha3HBaTb 6ecnpoTOTUNHbLM.

B pamMkax MeTOMOJIOTHYECKOr0 MOAXOAA TAKOr0 pOAa MNpPOEKTHYI0 nesle
TEJbHOCTb MOXHO NpPEACTAaBHTb KAK NPOLECC pelieHHs ciefayloumed s3agadgu:

IOAHO: ¢yuxkuus M NOKasaTeJb KayecTBAa NPOEKTHPYEMOR CHCTEMH,

HAWITHU: cucreMy, BHNOJHSIOWMYIO 33aAaHHYI0 (QYHKUHIO C MaKCHMaJbHHM

3HayeHHeM MNOKa3aTeJsl KauyecTBa.

OO6HYHO CTOJIb CJIOXKHHE 3aJaud DEIlAlOT B HECKOJbKO 3TanoB. QueBHAs
HO, YTO B JaHHOM cjyyae HX OyaeT KaKk MHHHMYM [Ba: CHauaja HeOGXOXHMO
HaATH N0 3aJaHHOA (QYHKUHH MHOXECTBO OAHOMYHKLUHOHAJBLHHX CHCTEM, &
saTeM BHIOpaThb H3 HHX Ty, KOTOpasi HMeeT MaKCHMaJbHOEe 3HaueHHe MNOKas
sarteas KauectBa. HeTpyaHo 3aMeTHTb, YTO YCJOBHS NepBOH W3 3THX 3ajaq
DOJIHOCTBIO COBNAAAIOT C YCJOBHAMH NMOHCKOBOA 3apaud l-ro Tuma [1, c. 23]

CrenosaTesbHo, A/l TOro, 4TOGH BECTH LleJIeHaNpaBJEHHYIO pa3paGoTKy
DPHHIHIHAMLHO HOBHIX TEXHHYECKHX CHCTEM, HEOGXOAHMH METOAH, NO3BOJS-~
IOllHe pellaTh MOHCKOBHE 3ajayd 1-ro THma.

Ilpex<pe yeM npucTYynHTb K pa3paboTke NMOJOGHHX MeTOAOB, HEOGXOLHMO
YTOYUHHTb YCJIOBHS DaccMaTpHBaeMoH 3afayH. [leficTBHTeNbHO, B HedA TOBOPHTs
cf, YTO HaJ0 HaATH MHOXECTBO OAHO(YHKUHOHAJbHHX CHCTEM, HO NpPH 3TOM
HEeT HHKaKHX CBelleHHi O cTeneHH NoApo6HOCTH HX onHcaHusa. B 3Tofi KHHre
Gyner paccMaTpPHBATbCS caMasi MpOCTefllias Pa3HOBHAHOCTb NOAOGHHX 3anad,
B KOTOpHX Tpe6GyeTcss HAaHTH JHIUb BaPHAHTH INPHHIHIOB JEHCTBHA MNPOEKTHe
pyeMoii cucreMul. B pasbHefiuiem Takue 3agauH GYAyT HasHBaThcsl 3ada4amn
¢opmuposanus npunyunos Oeicrsus. OHH HMEIOT CJEAYIOLIHE YCJOBHS.

JAHO: ¢yHKuHS npoeKTHpYeMoA CHCTEMHI;

HAVITH: BapuanTH NpHHUHIA AeACTBHS CHCTEMH, BHMNOJHAIOWEHd 3ajfaHe

Hyl0 (yHKuHIO.

3aece MOA npunyunom OedcTéUR cuCTembl TIOHHMaeTCs COBOKYNHOCTb (s
BHYECKHX, XHMHYECKHX H T. N. 3(0}eKToB, cOrjJacoBaHHOe MpOsiBJIeHHe KOTO+
pHX ofecneyHBaeT BHNOJHEHHe ee (YHKLHH.
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Hanpumep, ¢yHkuHoHHpOBaHHe ABHraTesss BHYTPEHHero cropaHus G6asu-
pyercs Ha 3¢pdexkTax BHJEJEHHS Temaa B Npolecce TOPeHHs H CNOCOGHOCTH
rasa npH pacUIHPeHHH COBepllaTb oONpejeJieHHylo pa6ory. MaBecTHass Bce
JaMNna HAaKaJHBAaHHA BHINOJIHSAET CBOO (YHKUHIO 3a cueT cnoco6HOCTH mpo-
BOJAHHKOB HarpeBaTbCsi NpPH NPOTEKAHHH NO HHM 3JIEKTPHYECKOrO TOKa, HC-
nmyckasi, B pe3yJbTaTe 3TOro, CBeT.

K aromy Hamo po6aBHTb, YTO NpPH 3aNHCH HCXOAHHX RAaHHHX paccMmar-
puBaeMol 3ajaun OyAyT HCNOJb30BATbCS APYrHE HAHMEHOBAHHS KOMIIOHEH-
toB ¢yukunu [1, c. 16]. Bmecro TepMuHa «aeficrBHe (YHKuHH» Oymer Hc-
mONb30BAThCsl TEPMHH «Yeab QYHKYUOHUPOBAHUA», 3 BMECTO TEDPMHHA <«yCJO-
BHS pealiH3allHH AEACTBHs» — «cpeda ¢ynkyuonuposanus». IMopobuas 3ame-
Ha CBSI3aHa C TEM, 4TO B YCJOBHAX 3aAayd (GODMHPOBAHHS NPHHLHMNOB Jef-
CTBHS peub HIET He O CyIlecTByioled, a O NpoekTHpyeMmo# cucreme. [loaTo-
My HCIOJb30BaHHE B YCJOBHSIX 3ajauH INpPeANoJaraeMHX TePMHHOB NpHAaer
HM GoJiee ecTecTBEHHOe 3BYuYaHHe.

Hymaercs, TeM KTO BHHMATeJbHO WYHTAJ TPETbIO KHHIY AaHHOH CepHH,
STHX NOSICHEHHH AOCTAaTOYHO, YTOOHW MPHATH K CleAylolleMy BHBOAY. 3ajauy
$opMHpOBaHHS NPHHUHNOB MOXHO DEIIHTb TOJBKO C MOMOLILIO METONOB, HMe-
jomnx 6asy 3HaHuK B naHHOM cJayuae ee 3JeMeHTaMH AOJNXKHH GOHTbL 3¢-
¢dexTh. Ecan nono6uuit MaccHB 3¢dekToB 6ua Gn H3BECTEH, TO PELIMTb pac-
cMaTpHBaeMyio 3ajadyy HeTPYAHO.

HeilicTBHTENbHO, NpPH BHINOJHEHHH NOCJAeRHEro YCJAOBHSI HCKOMHE NpHH-
LUHOH JeACTBHA MOXHO NOJYyYaTb 3a CcYeT KOMOHHHDPOBAHHS 3JE€MEHTapHHX
s¢pdexroB. KoHeuHo, 3TOT npouecc ROJKEH MATH NO ONpeAeseHHHM NpaBH-
naM. OHH JOJKHH o6GecneunTb (GOpPMHpOBaHHE TAaKHX COBOKYNHoOcTel 3ddek-
TOB, KOTOphnie OYAYyT COrJacoBaHH Kak Mexay co6ofl, TaKk H ¢ YCJOBHSAMH
pelraeMoOH 3anauH.

STH HIeH JexXaT B OCHOBe Kombunaropnozo meroda. Ero 6Gasoft ABasiOT-
csi MaccuB 3(@dekToB, a ajaroput™, B OOLHX uepTax, npeicraBiseT H3 cebs
opoueaypy KOMGHHHpOBaHHA 3(¢eKToB, NPOBOJHMYIO NO 3ajaHHHM npa-
BHJIaM.

OueBHAHO, OCHOBHHE TPYAHOCTH NpH CO3JaHHH JAHHOro Mertoxa OyRyT
cBA3aHH ¢ ¢popmupoBaHHeM MaccHBa 3¢ dexToB.

SIcHO, YTO HMCKaTh MX HaJ0 CpPeAH 3HAHHH, yXe HaAKONJEHHHX pDas/HYHH-
MH (QyHAAMEHTaJbHHMH M NPHKJIaAHWMH Haykamu. Ha nepsuit B3rJasa, mo-
NOGHHA BHBOA JAO/XKEH OGHajneXuBaTh: Bedb Bce 3TH 3HAHHA yXKe COODaHH
B CHenHaJbHHX CIOpaBOYHHKax — OepH H HcnoJb3yd. ORHAKO Ha MNpPaKTHKe
BO3HHKAeT OJHO CYIIECTBeHHOe 3aTpyAHeHHe: (OpMa NpeACTaBJEHHA 3HAHHA
B ecTeCTBEHHOHAYYHHX H TEeXHHUECKHX IMCUHIUIMHaX BhGHpanach M3 coobpa-
JKeHHI JIOTHKH DPa3BHTHS HayKH, yAOOCTBO BOCNPHSTHs,, MPOBEJAEHHS pacueros,
B T. 1. — CJOBOM, H3 Yero yrojiHo, HO TOJbKO He H3 COOGPaXKeHHA NpoeKTh-
POBaHHs NPHHUHNHAJLHO HOBHX TEXHHUECKHX cHcTeM. [losTomy ruasnas mpoG-
JleMa, KOTOPYIO HajO peuluTh NPH paspaGoTke KOMOHHATOPHOrO METOAA — 3TO
npo6neMa NpeicTaBJeHHs YXKe H3BECTHHX 3HaHHA B Qopme addekra.
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OueBugHO, 4TO npexpge uem nepenucaTtb H3BecTHble (u3HYe-
CKHE, XHMMHYECKHe, TEeXHHYECKHEe H T. I. 3HAHHA B BHJE OTHEJbHHIX
5()$eKTOB, HaNO CHayana BHACHHTb, a UTO e 3TO Takoe — «3d-
dekT»?

B Hacrosmee BpeMsi 3TO NMOHATHE WIHPOKO HCNOJIb3yeTCss B Ha-
YYHO# JIHTEpaType, B TOM YHCJE B KHHrax Mo TEXHHYECKOMY TBOp-
gecTBY. BosbwinHCTBO HccaenoBarenesi [4, c. 100, 127; 5, c. 14; 6,
c. 136] enHHOAYWIHEI B TOM, 4TO 3(hheKT — 3TO B3aHMOCBS3b MEXK-
Ay ABYMs SIBJIEHHSIMH (mpolueccaMH), KOTopas peanH3yercs B Of-
penesenHbix ycaosusx. Ilpu sToM nepBoe siBjeHHe NPHHATO Ha3H-
BaTh npu4unol sggexra, a BTopoe — ero caedcrsuem.

Hcnosbsosanne 3Toro onpesesneHus nospoJsieT NpeiJoXuTb 06-
wymo ¢popmy onucanus 3¢ hekros.

A|—>A2(U1_2), (l.l)

rae Ay, Ay, U;s — COOTBETCTBEHHO MPHYHHA, CJIEACTBHE H YCJO-
BHsl peanusauuu s¢pdekra; A;—A, o3nayaer: «A, npuBOAHT K Ao»;
(Ui.2) o3nauaer: «npu ycaoBuH, 4TO ... U, ...».

[Tonyuennas nytem oGoGLIeHHs H3BECTHHIX onpejeeHuit hopma
onucanus 3p¢exra tpebyeT KOHKpeTH3auuH. [leHCTBHTENBHO, NPH
MepBOM Ke B3rJsle Ha BhipaxkeHHe 1.1 Bo3HHKaeT Bompoc, Kak
ONMHCaTh MNPHYHHBI, CJEICTBHA H YCJOBHA peaju3auuH 3¢dexToB?

YTouHeHHe cMbiC;ia MepBHIX ABYX NOHATHH He BLI3LIBAeT G0Jb-
mIoro Tpyaa, Tak Kak B HauleM cayudae Jiio60e siBJeHHE MOXHO pac-
CMaTpHBaTh KaK H3MeHeHHe (BO BPEMEHH) 3HAUEHHH TOro HJH HHO-
ro napaMerpa MarepHanbHOro o6bekra. [IpH 3TOM Bce MHOXKecTBO
SIBJIEHHH, B 3aBHCHMOCTH OT HanpaBJIeHHs H3MEHEHHs 3HayeHH#A
napamerpa, MOXHO pa3leJHTb Ha 4YeThIpe THNA: yBEJHYEHHE,
yMeHbllleHHe, HaJH4YHe HEeHYJIeBOro 3HauyeHHs H NPOH3BOJIbHOE H3-
menenne. Hanpumep, «yBennueHHe (yMeHbILEHHE) TeMMepaTypH
rasa», «HaJHYHE CKOPOCTH TBEpIOro Teaa», <«H3MEHEHHe Hamnps-
JKEHHOCTH 3JIEKTPHYECKOro IOJs» M T. II.

M3 cka3aHHOro siCHO, YTO A/ OMHCAHUS SIBJEHHH MOXHO HC-
noJib30BaTh (QYHKIHOHAJbHBIE 3aBUCHMOCTH NapaMeTpPoOB OT BpeMe-
HH, TPaHKH KOTOPHIX MPHBOISITCA HHXKeE.

p
Ny

T

Puc. 1.1. Tpajpuueckas HHTEpNpeTAUust TUIOB H3MEHEHHA NapameTpoB O0GDBEKTOB!
P — napamerp (croiictro) o6bekra O; T —Bpems; I, 2, 3, 4 — COOTBETCTBEHHO:
yBeJ/HuEHHE, yMeHbluelie, HalHuHe, TNPOH3BOJbHOE H3MEHeHHe 3uadeHHi napas
MeTpa



Herpyano  mokasats, uto
KpHTepHeM, NO3BOJIAIOLIHM Cy-
AHTb O THNe H3MEHeHHs1 mnapa-

Tabruya 1.1.

Ilpasuaa

onpedeaexka Tuna

U3MEHEHUR napamerpa

MeTpa, SABJAEeTCA 3HaK HpPOH3-
BoaHOH dP/dx. ECJIH TO

HafiTn o6muii BuA onucaHHs
ycloBHH peanu3auHu sddekra

>

Heckonbko ciokuee. [las ero | agldt>0 e P
onpelesieHHss Hano O6paTHThCS dP/dt=0 |Hanmume  memysesoro
K TPaAHUHOHHOH ¢opMe omnuca- ;ocmﬂmloro 3HaueHHUs
HHs 3¢ deKTOoB. .

B HacTosilliee BpeMst B 60Jb- dPldt =0 I;ﬁgH;Boanoe H3MeHe-
OIMHCTBE €CTeCTBEHHOHAaYYHBIX H

TeXHHYECKHX IHCLUHIUIHH mono6-
HOro poaa 3HaHHSl NPHHATO (HKCHPOBATL B BHAE MaTeMaTHYECKHX
¢yskunii (C) W compoBoXAaloIHX ee rpaduuyecKHX H CJIOBECHHIX
nosichenut (A, B, D). Hanpumep, Takum o6pa3oM.

Tabauya 1.2.

T paduyuonnas gopma onucanus agpgexra
(Hazsanue aggexra)

* l‘lleol—-...

* Om e
*

P=f(P;, ..., Pn) roe Py —
C: P])~<P|~<P12 D: | ...
Pn|<Pn<Pn2 Pn -
3nech: Oy, ..., Om — 06beKTH ((DH3HUECKHE, XHMHYECKHE, TeXHH-
q9ecKHe H T. IL.);
* % %

— OTHomeHHss Mexay o6bekraMu Oy, ..., Om, Hanpumep,
NpPOCTPaHCTBEHHbIE, BPEMEHHbLIE, «ABJSAETCA 3JEMEHTOM», H T. IL;
P, — napaMerphl, xapakrepusylomue 06beKTH Oy, ...

y 1y seoy

ey Um,
Py, ..., Pny, Py, ..., Png — COOTBETCTBEHHO, HHXXHHE H BepXHHE
npesesn H3MeHeHHs1 nmapaMeTpoB Py, ..., Pn;
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BMECTO TOYeK (...) YKa3bBalOTCS HMEHa mapaMeTpoB H 0GbeK-
TOB, a2 TaKXe ONHCAaHHS OTHOIIEHHH;

B Ha3BaHHMH 3¢ ¢dekTa (06BHIYHO) (HKCHPYETCS €ro CJeACTBHE H
NPHYHHA.

Hanpumep, 3ddekT TensoBoro paciu¥peHHss TBEpABLIX TeJ
(Taba. 1.3.) u BHyTpeHHHH (oTo3dpdekT (Taba. 1.4.) B cooTBeTCT-
BHH C 3ToH (opMOi MOXKHO oOmHCaThb CJERAYIOIIHM 06pasoM
[7, c. 270, 701].

Tabauya 1.3.
Pacwupenue T8epdozo Tenra 6 pesyivTare Hazpesa
I — TBeppoe Teno; 2 — omopa.
7 Teepaoe Teno Haxoautess B ycao-
A: B. | BHAX, He NpENATCTBYIOMIHX CBOGOX-
: ' | HoMy nepeMeLleHHI0 OAHMX uYacrel
e TBEPAOr0 TeJa OTHOCHTEJbHO JApY-
THX.
V — o6beM TBepaoro Tesa npH
_ remnepatype T;
c: ¥>0V°él>+03ET) D: Vo — o6beM TBepmoro Tena mpu
: Vo—eonst~ : remnepatype 0°C;
0 : € — xoapduuHeHT JHHEHHOrO pac-
LIHPEHHSI.

~ Boipaxenus tuna «P,— const» (P — npousBosbHBEII mapa-
MeTp) O3HauaeT, 4T0 Pny=P.,=P° rpe P°— HeKoTopoe (NOCTOSIH-
Hoe) 3HaueHHe mapaMerpa P,. OGHYHO NpPH AeJeHHH napaMeTpoB
Py, ..., Py (cM. Ta6a. 1.2., pasgen C) Ha «nepeMeHHBIe» H «IOCTOSIH-
HBle» HCXOAAT M3 ocoGeHHOCTell MacCHBa, B KOTOPHA NpeanoJa-
raercsi BKJIOYHTb pacCMaTpHBaeMHi 3¢dekr.

Tenepr pacCMOTPHM, NPH KaKHX YCJIOBHSIX H3MEHEHHE OJHOro
#3 napamerpoB Py, ..., P,, Hanpumep, P, (cM. Ta6a. 1.2., paszen
C) npHBOAHT K H3MEHEHHI0 mapamerpa P. YuuTHBas, YTO THN H3-
MEHeHHsi NapaMeTpPOB XapaKTepH3yeTcss 3HAKOM HX IMPOH3BOAHOM
N0 BpEeMEHH, TO C ee ONpeleJeHHs H HaJA0 HayaTb 3TO HCCJENO0-
BaHHe.

dP|dv=0§/0P,-dP,/dt+ ... +0f/0P-dP,/dr. (1.2)

W3 noJsyueHHOro BBIpaXKeHHs CJeayeT, YTO HanpaBJIeHHe H3Me-
HeHHs napamerpa P (3Hak dP/dt) 3aBHCHT OT 3HaueHHH H 3HaKOB
BesuuuH Of/0Py, ..., 0f/0P, w Beawuun dP,/dr, ..., dP./dx. Tlostomy
MOXXHO NPEeAJIOXHTb HEeCKOJbKO BapHAHTOB OMHCAHHA HCKOMHX YC-
JoBuii. BribepeM H3 HHX Takofi BapHaHT, KOTOpHIA He coiepxKaan
6H BHpaxeHHit Buaa Of/0OP. B atoM ciydae onucaHue 3¢¢ekra 6y-
ZleT HOCHTb Hau6GoJjee OOIHi XapaKTep.
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Tabauya 1.4.

Yeeauuenue 34eKTponpoB8oOKOCTU QUINEKTPUKA
8 pesyisrare 8030eliCTOUR 3NeKTDOMASHUTHOZ0 U3AYYEHUSR
(sryrpennuil oroagpgpexr)

2
\
1 — 3]1eKTPOMarHUTHOE H3JyueHHE;
A B: | 2 — RAUBJEKTPHK. D/EKTPOMArHHT-
— HOe H3JyuyeHHe BO3JeACTBYeT Ha
" AH3JIEKTPHK.
—nd
T
1R;~kRol-‘_l-kC(1';/£‘b-.—l)‘1 R, Ry — COOTBETCTBEHHO 3JIEKTPO-
C: F‘; 3005 ’ NpPOBOAHOCTh JNH3JIEKTDHKA B yCJO-
Ro F‘-’o ¢ — const D: | susax Bo3jeHicTBHS 3/€KTPOMArHHT-
e ' HOTrO H3JyueHHS H Ge3 Hero;
[, F — COOTBeTCTBEHHO HHTEHCHB-
HOCTb M YaCTOTa 3JEKTPOMArHHTHO-
ro H3JIyYeHHs,
Fo — KpacHas rpanuua ¢oTonpoBOAHMOCTH (3aBHCHT OT XHMHYeCKOH
NPHpOABLI AHIJEKTPHKA U COCTOSIHHSI €ro MOBEPXHOCTH);
k — HeKOTOpoe NOCTOSIHHOE YHCJIO;
¢ — Oe3pa3aMepHasi BeJHYHHA, 3aBHCSILAs OT TeX e XapaKTePHCTHK
JHIIEKTPHKA, 4TO H nmapametp Fo.

C MarteMaTHYecKOH TOYKH 3DEHHS BHINOJHEHHE YKa3aHHOro
Tpe60BaHHsA BO3MOXHO JIHIIb B TOM CJiyuae, €CJH BCE Cjaraemne
JIeBOH 4acTH BbipaxeHus 1.2, HMeIOT ONMH H TOT XK€ 3HaK.

Hanpumep, 3anano, uro napamerp P, yBenuuuBaercs (dP,/dv>
>0). Ilpu stom 9f/0P,>0. Torpa caaraembie (0f/0P,y-dP,/dx),
(0f/0P3-dPs/dx), ..., (Of/OPn-dPs/dt) ROMXKHH 6HTb TaKXe 60Jb-
uie HyJsi. DTO BO3MOKHO TOJNBKO B TOM CJyHae, €CJH:

— napaMerpsl P; (ans HHX 3HaUeHHs BeJHUYHH BHAa Of/0P;

GoJiblile HYJS1) yBEJIHUHBAIOTCA HJIH NOCTOSHHH (dP;/dv>0);

— napaMerpbl P; (A1 HHX 3HaueHHs BeJHYHH BHAa Of/0P;

MEHbIlE HyJsI) YMEHbINAlTc HJAH nocTosiHHb (dP;/dtv<0);
— napaMerpnl P, (415 HHX 3HaueHUs BeJHYHH Buxa Of/0P,
Kak 6oJbllle, TaK H MeHbllle HyJas) noctosHHH (dP,/dv=0).

Ilpu aTux ycnoBHAX 3HaueHHe BeJHYHHH dP/dt, 6yper Gosbiue
HyJIs, TO €CThb yBeJlHYeHHe napamerpa P, NPHBOAHMT K yBeJHUYEHHIO
napamerpa P.

AHajorHyHble YTBEPXKIEHHS MOXHO MNOJYYHTb H IJsi BCeX OC-
TaJbHBIX COOTHOLIEHHH MEXJy HanpaBJeHHAMH H3MeHeHH#d mnapa-
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MerpoB P; u P. Eciu HX npeacraBHTb B COOTBETCTBHH C BhHIpaxe-
HHeM 1.1, TO moayuHuMm, uTo

dP,/dv—~dP/dx (dP:/dv>0, dP;j/dv<0, dP/dv=0). (1.3)

STo BHIpaXKEHHE HMeeT CJEAYIOIIyI0 CJOBECHYI0 MHTEpIpeTauHio
(cmbicn): «M3menenne mapamerpa P; MPHBOAHT K M3MEHEHHIO na-
pamerpa P npu ycnosuu, yto: 1) napamerpn P; yBeaHyHBaIOTCS
HJIH TOCTOSIHHH, 2) mapaMerpn P; yMeHbLIAIOTCS HJIH MNOCTOAHHHI;
3) nmapamerpn P, MOCTOSIHHHI».

Ecau Tenepb B BbIpaxKeHHe 1.3 BKJIOUHTH TaKXKe CBeJeHHH, Ka-
carouiHecs:

— mnpejeJoB H3MeHeHHs nmapameTpoB P, Py, ..., Pa;

— o6bektoB Oj, ..., Om, KOTOpHIE XapaKTePH3YIOT NapaMeTpH

P; Pl»-"’P’l;

— oTHoweHut Mexay ob6wvekTaMu Oy, ..., Om, TO MOXHO mMOJy-
YHTb Pa3BepHYTYI0 HOPMY OMHCAHHA CaMHIX Pa3JHYHLIX 3¢-
(ekTOB.

Ilpexne yeM npeiacTaBHTh €e BHHMAaHHIO yHTaTenefl, HeoGXOAH-
MO ClleJaTh HECKOJIbKO 3aMeuaHHH, KacaloUIMXCsi BHAa €e 3alHCH,
Bo-nepBhiX, AJ151 KPaTKOCTH BMECTO CJIOXKHOI'O CHMBOJIA IPOH3BOJ-
Hofi mo BpeMeHu (d../dt) npumensiorcs muppw or I mo 6. Ipn
STOM HCIOJB3YIOTCA CJelyIollHe MpaBHJa.

ECJIK TO
dPldt>0 1P
dP/dt<0 2P
dP[ldt=0 3P
dPldr =0 4P
dP/dt>0 5P
dPldr<0 6P

Bo-BTOpHX, B ¢opmyisie 3pdekToB OnyileHH Bce HHAEKCH. ITO
OObsICHAETCSl TeM, YTO HHIEKCH, KOTOPHe HCHOoJb3yloTcs B (opmy-
Jlax, NMpefHa3HayeHH MAJs YNPOLIeHHs HX «pacwHdpoBku». B 06-
meM cjydyae OHH MOryT OGHTb ONyIUEHH, YTO 3J4€Chb H CJeJaHo.

POPMYJIA 3PPEKTA

IPO—IPO (ORO,..,ORO, a<POxb,...,

(A,) (A2> L_

a<PO<b, 5PO, ..., 5P0, 6PO,..,6P0, 3P0, ..., 3P0), (1.4)
(U2 N

rae A,, A, U, — COOTBETCTBEHHO MPHUYHHA, CJIEACTBHE H YCJIOBHS
peannsauuu 3¢¢ekra; /] — HanpaBieHHe H3MEHEHHS 3HAYEHHH
napaMerpa: yseaudenue (I), ymeHbumenue (2), Hanuuyue (3),
npousBoJbHoe u3MeHenue (4); P — mapamerp (cBOficTBO), Ha-
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nNpHMep: JHHEHHBLIH pasMmep, TeMmMneparypa, CKOpPOCTb, CHJa,

Macca H T. m.; O — 06beKT MM CHCTEMa, HalpHMep: TBEpIOe

TeJO, a3, 3JEKTPOJIHT, KOHXEHCATOp, COJEHOMA H T. I.; R —

OTHOILEHHEe, HAaNmpHMep: «HAaXOMAMTCH B KOHTAKTE», «HAXOMLHTCH

BHYTPH», <«SBJISI€TCH 3JEMEHTOM» M T. I.; 4, b — HUXHHf H

BePXHHIl mpenes u3MeHEHHS mapamerpos P.

Beauuunbl @ 4 b — 310 AH60 HEKOTOPOE YHCJIO E€AHHHMI B (HK-
cupoBaHHoi cHcteme usMepenns (CH, CI'C u 1. n.), au6o apyro#t
napamerp. B kauecTBe HJIIOCTPALHH MOCJAERLHEr0 CJyuasi MOXKHO
apuBectH Takoil npumep: T'X=T2X — remneparypa (TI) TtBepaoro
tena (X) paBHa (=) ero teMmnepatrype maaBaeHus (T2).

IloacraBasis B 3T0 Bhipaxenwe BMecto cumsoaoB I, P, O, R
onpejesieHHHEe COYeTaHHs HX 3HAYeHH#H (CcM. mpuaoxeHue 1), MOXK-
#0 moJyuuTh (opMyay Jawob6oro KoHkperHoro sddexra.

ITocMGTpHM, KaK HCMONb3ysl HU3JIOXKEHHHH MOAXOH, MOXKHO Ipe-
o6pasoBaTh omucaHHe ¢u3HuecKHX 3¢ (eKTOB, NpeicTaBJeHHHX B
Tabauunax 1.3, 1.4.

HauneM c¢ 3ddexra TennoBoro pacuiHpeHHs TBEPABIX TeJl.

1. IIpoaguddepenuupyeM (Mo BpeMeHH) BbipaXKeHHe, 3aMHCaH-
éoe B pasgene C TaGaHLbI

dV/dv=3EV,-dT/dv+3TV,-dE|dx. (1.5)

2. Ecau yuectb, 9TO:

— MNpHYHMHOM paccmartpuBaeMoro 3ddexra sBasercs ysejaHde-
HHe TeMmnepaTtyph TBeproro teaa (dT/dv>0);

— 3HaueHus BequuHH «3EVe» u «3TV,» GoJblle HyJ s, TO MOX-
HO JoKa3ath, uro dE/dt>0, a dV/dv>0.

3. CienoBaresibHO, BEPHO, UTO

dT/dv—>dV/dt (dE/dv>0), (1.6)

rne dT/dt u dV/dv Goablie HyJs.
4. Ecamn yuectb, yTO:
— Bce napameTpl, BXoisuiMe B Beipaxenue (1.6), saBasiorcs
XapaKTepHCTHKaMH TBepaoro tena (X);
— TBepJoe TeJO0 MMeeT BO3MOXHOCTb PACIIHPATbCA NPH Harpe-
BE
TO Bb;pameﬂue 1.6 MoxHO mpeo6pasoBaTh B (GOpMyJy COOTBET-
cTByouero 3¢¢dekra. 3nech u nanee s yA0GCTBa MPOYTEHHs ImO-
IOGHBIX (OpMys OHH NPHBOJATCS BMECTE c HX CJOBECHOH HHTEp-
fmpeTanHen.

S3PDPEKT TEIJIOBOrO PACHIHPEHHSA
TBEPZIOrO TEJIA=

ITX—1VX (sX>2, 5EX)
Veenuuenue temneparyps (T) TBepaoro tena (X) nmpHBOAHT K

~ BO/BWHHCTBO MPHBOAHMHX B 3TOA KHure 3ddexroB He OGYAYT WMeTb Has
sBaHuM.
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yBeaHyeHHIo ero o6bema (V) npu ycnosuH, uyrto: 1) crenens duxca-
1§24 o(s) TBEPAOro Tesa GoJsiblie HAH paBHa 2*, 2) KoadduuHEHT
JIUHEHHOro pacwupenus (E£) TBepAOro Tena yBeNHUHBAeTCs HJIH
MOCTOSIHEH.

Tenepb npeo6pasyeM TpaiHUHOHHYI (OPMyJy OMHCAHHS BHYT-
pensero ¢oroaddekra.

1. Ilpopudpepenunpyem (no BpeMeHH) BbHIpaXKeHHe, 3aMHCaH-
Hoe B pasgene C tabauub 1.4.

dR/dv=k (F/Fo—1)¢-dl/dv+ (ck(F/Fo—1)e-\I/Fy) -dF/dv. (1.7}

2. Ecau yuecrts, yTO:

— IPHYHHOH paccMaTpuBaeMoro 3s¢d¢ekra sABJISETCA yBeaHye-
HHE HHTEHCHBHOCTH 3JIEKTPOMAarHHTHOro uanyueuus (dl/dv>
>0);

— 3HaueHne BeNHYHH «k(F/Fo—1)¢» u «ck(F/Fo—1)-11/F¢»
6oablle HyJ s,

TO MOXHO Jq0KasaThb, uto dF/d1>0, a dR/dt>0.

3. CnepoBaTenbHO, BEPHO, YTO

dl/dv—~dR/dv (dF/dz>0), (1.8)

rae dl/dt, dR/dxv Gonbiue Hyas.

4. Ecau yuectb, uTO:

— napametp / u F xapakTepH3ylOT 3JIEKTPOMArHHTHOE H3Jjyye-

Hue (U6);

— napameTrp R xapaKrepusyer AH3JeKTpHK (X7);

— 3JIeKTPOMAarHHTHOEe H3JyueHHe BO3JEeHCTBYeT Ha AHM3JEKTPHK;.

TO BHIpaxeHHe 1.8 MoxHO npeo6pa3oBaTh B (OpPMyJy COOTBET-
crBylollero aggexra.

BHYTPEHHHH ®OTO3PPDPEKT

1HU6—IRX7 (U6+X7,5FU6)

YBenuuenHe HHTEHCHBHOCTH (/) 3JEKTPOMAarHHTHOrO H3JYyYeHHS
(U6) npuBOAHT K YBEJNHYEHHIO 3JEKTPONMPOBOAHOCTH (R) aH3/exr-
puka (X7) npu ycaoBHH, u4TO: 1) 3JE€KTPOMArHHTHOE H3JyYeHHe
Bo3jeicTByeT (+) Ha AH3NEKTPHK; 2) uacrora (F) aaekrpomar-
HHTHOI'O H3JYYEHHS YBEJHUYHBAETCS MJH NMOCTOSIHHA.

[TIpoBeneHHEIe HCCIENOBaHHS MO3BOJMJIH ONpeNeaHTh OOILyIo
ans Bcex addekroB ¢opMmy onucanua. OIHAKO 3TOro HELOCTATOY-
HO JJIsl JOCTHXKEHHS IOCTABJEHHOH Bhille IeNH — pa3paGoOTKH Mac-
cuBa 3¢ ¢ekrToB. Heo6xogumo euie uMerb €I0Bapb TEPMHHOB — OG-
LM AJA PasJHYHbIX AHCUMIVIHH, OH JO/XKeH cOmepKaThb CHMBOJIH-
YeCKHe M eCTeCTBEHHOSI3HIKOBhE HMeHa OGBEKTOB, MapaMeTpPOB H
OTHOLUEHHH.

[lepeueHr 3THX TEepMHHOB coBMecTHO ¢ ¢opmyaoit sddexra
(1.4) o6pasyioT a3biK onucanus 3¢gpexTo8, B KOTOPOM COBOKYII-

* CreneHb ¢HKcauuu 06BEKTa, NMPH KOTOPOA OAHH €ro 9acTH MOryT mepe-
MelaTbcsi OTHOCHTEJNbHO ADYrHx uyacred (cM. e. 71).
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#OCTb TeDMHHOB BBLINOJIHET POJb andaBHTa, a popmynaa sddexra
onpenenser ero rpaMmMartuky [8, c. 176—189].

®parMeHT yKa3aHHOro cJoBaps, 06beM KOTOPOrO COrJacoBaH ¢
COJepXKaHHEM NAHHON KHHUTH, NPHBEJEH B npujoxeHduu 1. B ocuos-
HOM B Hero BKJIOYEHH TPAaJHUHOHHbBIE (H3MYECKHEe MOHATHA. Hc-
KJIOUEHHEe COCTaBJSIOT JIHIIb TaK Ha3blBaeMble KOHCTPYKTUBHbLE
napametpel. OHH MOTYT HCMONbL30BATHCA [JIsl ONUCAHHMS Pa3JHUYHHIX
BHJOB B3aHMOOTHOINEHHI MEXJYy OGBEKTaMH, KOTODbl€ YKa3aHH B
nepsoii yactu ¢opmyanl spdekra (A,—A,), u BHemHed cpenod,
He pacKphbiBasi IPH 3TOM €e COCTaB.

K ckasanHoMy Hamo A06aBHTb, YTO C MOMOLILIO MpPEAJAaraeMoro
SI36lKa MOXXHO OMHCHIBATb HE TOJIbKO MPHUHHHbBIE CBSI3H MEXIY 00Db-
€KTaMH, HO TakKXe HX Haubosee OGLIHE reOMETPHYECKHE H KOHCT-
PYKTHBHbIE XapaKTEPHCTHKH.

B KoHUe 3TOM rjaBbl NPHBEAEH PAJ YIPaXKHEHHH, HampaBJeH-
HbIX Ha 3aKpemJieHHe NPAaKTHYECKHX HaBHIKOB <«BbiBoga» (GopMmy
3¢ dexToB U3 TPaZHUHOHHBIX GOPM HX omucaHus. s 3amHCH HC-
KOMBIX (OpPMYJ Jyulle HCNOJb30BATh CHMBOJIBI, YKa3aHHbE B MpPH-
JOXeHHH 1. DTO yNpOCTHT NPOBEPKY HafJEHHbIX peLIeHHI.

YNPA)KXHEHUSA

1. YckopeHne TBepIOro Tesla B pe3yJbraTe AefiCTBHSI Ha Hero
cuan (2-# 3akon HpioToHa).

1 — TtBepaoe Teso, 2 — omnopa.
Teeppoe Teno Moxer cBOGOAHO
B: | nepememartbcs MO noBepXHOCTH
OIIOpHI.

a, M — COOTBETCTBEHHO YCKO-
a=(F—F)/M peHHe M Macca TBEpAOro TeJa;
C: ;'>];,;.M>O’ D: | F — cuna, nefictByomass Ha
;2 TBepJ0e TeJo;

F’ — const. F’ —cuna TpeHus.
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2. Harpes npoBosHHKa B pe3yjbTaTe NpOTEKAHHS 10 HeMy

9JIEKTPHYECKOro TOKa (3¢pdekr Jxoyns—J/lenua).

B:.
Ve a0a¢
it 0 1 001 -7
LI A B B B ]

D:
Q=I2Rx
J, R, t>0,
J — const.

1 — npoBOAHHK (371€KTpHYECKHU#)

Q — KonuMYecTBO TemJaa, BHje-
Jslomerocss B MPOBOAHHKE;

R, J — coorBercTeHHO compo-
THBJIEHHE TNIPOBOAHHKA M CHJA
3JIEKTPHYECKOr0 TOKa;

T — BpeMs NpPOXOXAEHHS TOKa.

3. MameHenune CHIBI, NeHCTBYIOLIEH Ha NOpIIEHb, B pesyJabrarte

yBeéJqHUYCHHS AaBJI€HHs rasa B IHJHHADE.

//

2 B
F=8(P—P,)
S, P, Po>0; D:
P>Po; :
S, Po— const.

1 — mnopuwesp, 2 — ras, § —
repMETHYHHA cocyn (HHAHHAD),
4 — OoKpyxaowmas cpesa.

l'as HaxoAuTCsi BHYTPH NHJIHHA-
Pa, KOTODHA CBEpXy SaMKHYT
TNOPILIHEM.

F — cuna,
NOpIIEHbD;
S — nnomanp nopuuHs;

P — pasnenne rasa;

Py — pnaBieHne oOKpyxaoueh
CpeAHl.

npefictBylomasi Ha




4. M3MeHeHHe NHHAMHYECKOH BSI3KOCTH XKHAKOCTH B Pe3yJbTaTe
H3MEHeHHs] ee TeMIepaTypHl.

A — B: —
b= bo(T/To) b — nuHamMuyeckas  BSI3KOCThb
C: bo, T, To, e>0; JKHAKOCTH TNpH Temmeparype T,
bo, To, € — const. D: by — nuHaMuyeckas BSI3KOCTb .
* | xupkocTH npu Ttemneparype To; .
e — HEKOTOpPOe MOJOXKHTEJbHOE
qHC0.

5. ¥YBennueHue HanpAXeHHOCTH 3JIEKTPHYECKOro InoJs B pe3y/ib-
TaTe pOCTa 3apsdAAa Ha NOBEPXHOCTH AHIJEKTPHKA.

4
\ [~
2 1 — 3apsiKeHHHA JAHIJEKTPHK, )
A: ~ B: 2 — aJjeKTpuyeckoe moje, 3 — '
-~ OKpYKaiowas cpeaa.
7 / \.I
E — HanpsXeHHOCTb 3JIEKTPH-
= 2
c: 5 eQ[;“egso p: | ueckoro mous;
. ’ U ’ ¢
g, R — const Q — sapsg;
e — OTHOCHTeJbHasi AH3JEKTDH-
gecKasi [POHHILAEMOCTb CPeXH:
g — AUdJIEKTpHUEecKasl MPOHHIAEMOCTb BaKyyMa;
R — (npu6iusurenbHO) paccTOSHHE MEXAY [AHIJIEKTPHKOM H TOY-
KOi H3MEepeHHs HampsiKeHHOCTH.

Oreetn (C yuyeToM 3ameuaHHi, H3J0XeHHHX Ha c. 31) cH,
B npuioxenuu 4: sapodexkrn Ne 88, 161, 162, 175, 176, 211, 234,
235.
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T'JIABA 2

MACCHB 3PPEKTOB

HJH O TOM, uTO cBA3biBaet JlxKoyas
u JleHua c leii-Jlioccakom

YB EAUUYEH 'MEH EHNE HAAVMUUE
TETIEP b BCE V= < .
STU ,, WTVKCEBHHE"

QO RFCCTIEUTE ) o NN 2

I7C [7FQYIF, LV g'll
M,




Y HeKOTOpPHIX YHTaTeJeH MOXKeT BO3HHKHYTb BOMPOC: 3a4eM BCE
3TH npeobpasoBanus ¢opm 3anucH 3ddexroB? Bexb cyts TO mpm
stoM He MeHsercsi. OkasbiBaercs, mofo6Has yHH(HKaUus omuca-
HHA 30 (}eKTOB NPHAAeT HX COBOKYNHOCTH COBEPLIEHHO HOBOE CBOH-
CTBO: BO3MOXKHOCTb COBMELUEHHS CJEACTBHI OAHHX 3¢¢eKToB ¢
npuuHHaMu Apyrux. Hanpumep, yBenuueHHe teMmepaTtyph TBepaoO-
ro Teja NPHBOAHMT K YBEJHUEHHIO €ro JHHEHHOro pasMepa, a 3TO,
B CBOIO OYepelb, NPHBOAHT K H3MEHEHHIO (GOpPMbl TBepAOro TeJa.
Wau: yBejqnyeHHe MJIOTHOCTH JKHIKOCTH NPHBOAHT K YBeJHYEHHIO
CHJIHI, AEHCTBYIOLIEH Ha MJaBawllee Ha ee MOBEPXHOCTH TBepAOe Te-
JIO, a 3TO, B CBOIO ouepefb, IPHBOJHT K H3MEHEHHIO €ro IOJIOXKeHHS.

[Tomo6Hoe cBOHCTBO MO3BOJIAET <«CBfI3aThb» MeEXIy cOGOH Bce
MHOXECTBO H3BeCTHbIX 3(¢ekToB B Heuto uenoe. HauGosee Ha-
IJISIAHO TaKoe «COBOKYNMHOE» 3HaHHe (B [aJjbHeidleM OHO G6yaer
HasblBaTbCsl MACCUBOM 3I(PPeKTo8) MOKHO NpPeICTaBHTb B BHAE
rpada.

YuyHTHBasi, YTO JaJieKO He BCe YHTATeJH 3HAKOMBI C JaHHBIM
MaTeMaTHYeCKHM OGBEKTOM, TO OUEBHIHO HMEET CMEICA C MOMOUIbIO
NPOCTBHIX NPHMEPOB, 3aJIOXKHThb HHTYHTHBHbIE OCHOBBI 3TOrO IIOHS-
THSl M BBECTH Psil HeOGXOAHUMBIX ompejaeseHuii (NPHBOJHMbIE 31eChb
cBejeHHs o rpadax B3sTH H3 pa6oTh 9 c. 9—12).

CHayana pacCMOTPHM YYacTOK 3JIeKTPHUECKOH WemH M YacTh
KapThl aBTOMOGHJBHHX AOPOT.

y/ 4 Y &
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Puc. 2.1. CxeMa 3JeKTpHYeCKOR LenH (cjgeBa) M Kapra aBTOMOGHJBHHX JAOPOT
(cnpasa)

SlcHo, yTO 06a 3TH PHCYHKa MOryT GbiTh MpPEACTaBJEHbl OXHOM
H TOH e AHarpaMMoii H3 TOY€K U JIHHHUH.

P q Touxku P, Q, R, S u T Ha3bBaloTcs 8ep-
Wwunamu, JHHHH — pebpamu, a BCS AHa-
rpaMma B LieJIOM — epagom.

£ OueBugHO, uTO rpad, H306paKeHHHH

Ha pHC. 2.2, MOXeT ONHCHBaTb H ApyTHe

7 S curyaunu. Hanpumep, ecan 0603HayHThb

yepe3 P, Q, R, S u T ¢byr60/bHBIE KOMAH-

Ibl, TO HaJqu4He pe6pa MexXAy AByMs Bep-

IIHHAMH MOXHO TPaKTOBaTh KaK COCTOSIBIIYIOCSL BCTpedy MeXAy

COOTBETCTBYIOLIMMH KOMaHJIaMH (TaK, COrJacHO pHC. 2.2 KOMaH[a
P yxe curpana ¢ Q, T, S, Ho eme He curpana c R).

Puc. 2.2. InarpamMma



Ipad, npeacraenenHbli Ha pHc. 2.2, sBJIsETCA <«NPOCTHM» B
TOM CMBIC/IE, YTO B HeM JIo6yio mapy BepLIHH COelUHsIeT He GoJjee
yeM oaHo pe6po. IIpexmonoxum, uro noporu or R g0 S u or P 1o
T caumkoM 3arpyxeHsl H AJs HX Pasrpy3KH NpPOJIOXKEHH NapaJ-
JieJIbHbI€ JIOPOTH, COEJHHAIOLUIHE Te XK€ TOYKH; TOrZa COOTBETCTBY-
fomass AuarpaMma OyJer BHII/IsAJeTb, KaK Ha pHc. 2.3 (peGpa, co-
enunsiomne R ¢ S unu P ¢ T, Ha3bIBAIOTCA KPATHbIMU).

A yTO mMoMyyMTCS, €CaM MO KaXAOH H3 JOPOT BO3MOXKHO TOJb-
KO OJHOCTOpDOHHee JABHXEHHe? 3aJaBLUIHCh TAKHM BONPOCOM, MH
NpUAEM K DacCMOTPEHHIO OpUEHTUPOBAHHbIX 2pagos (COKpalleH-
Ho — oprpa¢). [Ipumep Takoro rpada nan Ha puc. 2.4, Hanpas-
JIeHHe JBHXXKEHHS YKa3aHo CTPeJKaMH. 3aMeTHM, uYTO ecJH psij JI0-
por mpH 3TOM HMeeT ABYCTOPOHHee NBHXKEHHE, TO HX MOXHO H30-
6pasuTh C MOMOIIbIO ABYX IPOTHBOMOJOXHO OPHEHTHPOBAaHHHIX
pe6ep.

p q P @

7 S 7 £y

Puc. 2.3. Tpad c KparHmMH pe6paMH Puc. 2.4. OpueHTHpOBaHHHA rpad

HaunGosbliee 3HaueHHe mnpu pelleHHH 3agay (HOPMHPOBAHHS
{IDHHLHNA JeHCTBHS HMEIOT cBsi3aHHbe 3¢(eKTh, KOTOPHE MOKHO
npencraButh B BHIe leneil. [log uenbio nmoHuMaercs nocienoBa-
TeJbHOCTb HAYLIHX APYr 3a Apyrom pe6ep HaH BepwiuH. Tak, Ha-
npumep, oaHH U3 crnoco6os momactb 3 I B R (cm. puc. 2.4) omu-
cuiBaercs yensto T—P—>Q—>S—R.

MoryT GhITb cAyuyaH, KOria He yjnaercs HafTH Lenb, CBS3H-
BaOIIYIO JBE 3apaHee BbiGpaHHble BepluHH. [IpHMepoM 3aTomy Mo-
fyT cayXuTh BepwuHbl B u M npuseneHHoro HuXe rpada.

A G

OueBHAHO, YTO B JAaHHOM cJydae, llemb MeXJAy BepIHHaMH B
# M Gyper cyuecTBOBaTh JIHIIb NMPH TOM YCJIOBHH, eclH rpad npea-
cTaBJsier co6oil HeuTo IleJsoe; nmojo6GHble rpadbl Ha3HBAKOTCA C643-
nowmu. TlpencraBiaeHHb Bbille rpa¢g Jerko MOXKHO clefnarth CBf3-
HBIM, AJISl 3TOrO Haf0 COEIHHHTb pe6poM ABe Ji06ble BEPLIHHH €ro
«npaBoii» M «JeBOH» yacTH, Hanpumep, Bepumnnn C u H.
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Cpenu cBsisHbIX rpadoB ocobbill HHTEepec AJsi HAac GyAyT npea-
CTaBJATL T€, B KOTOPHIX CYLIECTBYEeT OJHA H TOJbKO OJHa LeMb, CO-
eHHSAIOIAsA KaXAylo Napy BepIUHH; TakHe rpadhl HasbBaloTcs de-
peezé)ﬂmu. Ha puc. 2.5 nokasaHo HeCKOJbKO MPHMEPOB NOAOGHHX
rpa¢os.

H K L

Puc. 2.5. TlpumepH nepeBbeB

Jlio60e nepeBO MOXKHO MPEACTAaBHTb, MPHYEM Pa3JHUYHLIMH CIO-
co6amu, B ynopsiaoueHHoMm Buiae. Hampumep, Bropoe nepeso, H30-
6paxeHHOe Ha PHCYHKe 2.5, MOXKHO yNOpSAOYMTh OJHHM H3 cJie-
AyIOIHX cnoco6oB.

Puc. 2.6. Tlpumepn ymopsiioueHHbIX 1€peBbeB

LlnppaMu OTMeueHH HOMEpPa yposHeld Yynopsado4exrrocTu de-
pesves.

[1aBHO OTJIHYMTEJbHOH 4epToil ynopsadoweHHozo depesa SABISA-
eTcsl TO, YTO BCE €ro BEpIUHHBl pacmnpefesieHbl Mo yPOBHSM, a Ha
nepBOM ypOBHE BCerja pacrnojoxeHa OJHa BepIIMHA, KOTOpas Ha-
3HIBaeTCs KOpHem depesa.

YnopsizoueHHOe 1epeBo MOXKeT GbiTb OPHEHTHPOBAHHHIM. Ecau
Bce pe6pa rpacda HampasJeHH OT i-ro yPOBHs K (i+i)-oMy ypoB-
HIO, TO TaKoe JepPeBO Ha3HBAeTCs HUCXOOAWUM, B NPITHBHOM CJHy-
qae — socxo0auum. KOHKpeTHble NPHMEPH MOROGAHIX IepEeBbeB
npejcTaB/leHbl Ha CAENYIOIEM PHCYHKE.
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Puc. 2.7. Tlpumep Hucxoasuiero (c7eBa) W BOCXOAAWIEro (CMpaBa) ynopsiaoueH-
HOro JepeBa.

STHX CBEJeHHH BIOJIHE JOCTAaTOYHO IJIsi TOro, YtoGHl mpeacra-
BHThL JI060H MaccuB 3ddekroB B ¢opMe rpacda, HasHBAeMOro B
JanbHeleM epagom aggexros.

HauneM ¢ camMoro mpoctoro cjay4asi — MacCHBa, COCTOSIINEro H3
oaHoro sg¢ekra.

17
L2
4004

7

Puc. 2.8. Tpad enunuyHoro MaccuBa 3¢(EKTOB:
Ay, A;, U — cOOTBETCTBEHHO NpHYHHA, CJEACTBHE M YCJAOBHA peajH3audu 3¢-
dexra (cM. BHpaxeHnue 1.4).

Tenepb mepeiinem kK paccMoTpeHHio GoJiee CJOMKHOrO cjayyas —
NPOH3BOJbHOrO rpada 3¢¢deKToB, KOTOPHIH, AJSA ONpereseHHOCTH,
6yneM HasbiBaTh rpacdom M. B HeM (QHKCHpOBaHBI JHIIbL CBelEHHs
O TOM, KaK CBsi3aHbl MexXJy co60i oriaeabHule 3¢ ¢deKTs; CBeleHHS
06 ux ¢usnyeckoil cyru onyuenb. [loaToMy nns pelleHHs npax-
THYECKHX 33134 (OPMHPOBaHHSI NPHHIHUNOB JeHCTBHS NOLOOGHHIH
rpag se rogurcsa. Ho ¢ ero nmoMompio yno6HO npoHJJIOCTPHPOBATH
OCHOBHble 3Tanbl U NPaBHJA HX PeLIeHHs.

Puc. 2.9. Tpad addekros M:
A—>Ay(U1s), Ar>A3(Uss), ... —ornenvhne 3ddekTn; A, wy Ay — NPHYHEH R
caenctsust abdexop; U, Uss,..— YCIOBHA pean3aluH 3§eKToB.
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Kakum e o6pa3oM MOXHO HCNoJb3oBaTh rpad scddextoB npu
pa3paboTKe MNPHHLHIOB [AeHCTBHS HOBBIX TEXHHYECKHX CHCTEeM?
Jns oTBeTa Ha 3TOT BONPOC HEOGXOAMMO BHISICHHTb, KaK COOTHO-
cATC Mexay co60# 3amuch YCJOBHH paccMaTpHBaeMON 3ajmadu
(cM. c. 5) u onucaHue 3¢pdekToB.

OxkasbiBaeTcss, M 3TO G6yneT NOKa3aHO B CJeAylolledl rJase,
(YHKUHIO 060 NMPOEKTHPYEMOH TeXHHYecKOH CHCTeMhl (KaK KOM-
NOHEHTY <«leJb», TaK H KOMIOHEHTY «Cpefa») MOXHO OINpexesHTh
gepe3 HEKOTOpble H3MeHeHHs mapamerpa o6bekros (/PO). Hanpu-
Mep, GYHKUHH KOMHAaTHOrO 3JIeKTpoHarpeBaTeJsi H BOLONPOBOLHO-
ro KpaHa MOXHO OIpeIeNHTb COOTBETCTBEHHO KaK «yBeJHueHHe
TeMIepaTypsl BO3lyXa 3a CUeT HCIOJb30BaHHS 3J€KTPHYECKOro TO-
Ka» ¥ «H3MEHeHHe PacXOfa XKHAKOCTH MPH H3MEHEHHH NOJOXXeHHsS
TBEpJOro TeJas.

C npyro#i cTOpOHHI, Kaxjaas BepuinHa rpada M — 3To npHYHHa
(cnemcTBHe) Kakoro-a1H60 3¢¢deKTa, Kotopas Takke onpelensercs
yepe3 «H3MeHeHHe mapaMeTpa OO'beKTa».

AT0 06GCTOATENBCTBO MO3BOJsET «0TOOPa3sUTb» YCJOBHSA 3anayH
¢opMHpOBaHHsS NPHHLUHNOB JAeHcTBHA Ha rpade sddexros. [das
3TOro Hajo 3adHKCHPOBATh ABE €ro BepIIHHH, OAHA H3 KOTOPHIX
COOTBETCTBYeT cpefle, a JApyras — lenH ¢yHKIHOHHPOBaHHS NPOEK-
THpyeMoii cucreMHl. Toraa HCKOMble NDHHUHINB AEHCTBHA OyayT
coctoATh H3 3¢¢deKToB, KoTopee 06pasyloT LeNH, COEAHHSIoLIHe
nepBYyIO BepIIHHY CO BTOPOH.

Hanpumep, Heo6xonuMo, ucnoabsysi rpad sddexros M, Halith
NpPHHIMNL JefCTBHS TEXHHYECKOH CHCTeMHI, KoTopas B cpeme A,
mosBoaser jnoctHup uean As. Torma, nefictByss coo6pasHO TOMY,
KakK GblJI0O CKa3aHO BHIIIE, MOXKHO MOJYYHTb CJAEAYIOIIHHA pe3ysbTar.

HCKOMBIE NTPHHLHIBl NEHCTBHA

1. Al—*Ag(U],Q), A2'+A3(U2.3), A3—>A5(U3_5),

As—>Ag(Us.s).
2. A—>Ay(Uy.g), Ar~>As(Usze), As—>As(Us.s),

As—FAa(Us.a).
3. A\—>Ay(Uyr2), Ay>As(Uss), As—>A7(Usa),
Ar>Aqg(Uzg), Ag>As(Uss), As>As(Us.s).

Jasa toro, 4To6H NPHAATH 3TOMY OTBJE€UEHHOMY NMPpHMeEpPY 6oJsee
KOHKDETHHIH BHJ, NPEANOJOXHM, YTO DAL sa¢pdekroB rpada M ume-
10T cJeyIolHi GH3HIECKHA CMBICIL.

A Ay (U,) =3KX1->3]X1~

Haauune B mpoBoauuke (X1) 3/€KTpHYECKOro HampsKeHHA
{K) npuBOmMT K NOSIBJIEHHIO B HEM 3JIEKTPHYECKOro TOKa cunon J.

~ 3necb U jpajee CHMBOJ «==» O3HayaeT: «TOXJECTBEHHO®» HJH «MOXHO pac-
CMAaTpHBaThb Kak...».
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Ag>As(Ups) =3IX1—~I1TX1 (cX1=1, 5RX1, 6H1X1)

Hannune B nposoxuuke (X1) sjekrpuyeckoro ToKa cuaof J
HOPHUBOLHT K yBeJHYeHHIO ero teMmneparypu (T) mpu ycioBHH, 4TO:
1) xapakrtepucrtuka Tensoo6MeHa (c)~ paBHa I; 2) conpoTHBJe-
HHe (R) npoBoiHHMKA YBeNHYHBAETCS HJH MOCTOSHHO; 3) TemJIoeM-
KocTb (M) mpoBOAHHKAa YMEHbIIAeTCs HJH NOCTOSIHHA.

As—~A; (Us7) =ITX (X1--X, TX1>TX)

YBeanuenue remneparypsl (T) nposoguuka (XI) npuBoauT K
yBeJIMYEeHHIO TeMnepaTypel TBepaoro tesaa (X) mpH ycJaoBHH, 4TO:
1) npoBoAHHK H TBepHOe TEJO KOHTAKTHPYIOT MeXuay co6oii (--);
2) rtemnepaTypa mnpoBOAHHKa GoJibllle HJH paBHa TeMmepatype
TBEPAOro TeJa.

Ar—~Ag(Urg) = ITX—~1E2X (sX=1)

YBeanuenne temnepatypsl (T) tBepmoro tena (X) npuBOAMT K
yBeJIHYeHHIO B HeM HamnpsixkeHHsi cxartusi (E2) npu ycJOBHH, 4TO
crenedb HKcanuu (s) * TBepyoro Tesna paBHa l.

Ag—~>As(Uss) = 1E2X'—~1E2X" (X'--X", sX'=1, sX"=1)

YBennuenue HanpsixkeHnus cxatus (E2) B oHOM TBepHOM Teje
(X’) npuBOAMT K YBEJHUYEHHIO HANpSXKEHHS CXaTHAd B APYroM
TBepaom Tese (X”) mpu yciaoBuH, yto: 1) nepBoe H BTOpOe TBep-
Hoe TeJl0 KOHTAaKTHpyeT Mexay co6Goll (--); 2) creneHb ¢uKcalHm
(s) mepBoro u BTOPOro TBepAOro Teja paBHa I.

Veennuyenne uHanpsikenus cxkatusa (E2) B tBepaom Ttene (X)
OPHBOOHT K M3MeHeHHIO ero ¢opMbl (F) mpH ycJOBHH, YTO Mexa-
HHUYeCKOe HaNpsXXeHHe B TBepJOM Teje GoJblie HJH paBHO mpe-
aeny ero ynpyroctu (B3).

B stoM cayuae npHBeleHHasi Bhillle «a6CTpaKTHast» 3axada ¢op-
MHPOBaHHS NpHHUHMNOB neficTBHs (A; —As) NpHMeT KOHKDETHHIR
BHI. KakKuM o06pasoM MOXHO H3MeHHTb (OpPMYy TBEpPIOro Tela
(As=4FX) 3a cueT HCNOJIb30BaHHsl 3JMEKTPHYECKONA 3Heprun (A,=
=3KX1). VHpIMH cJOBaMH — HaliTH NPHHUHNH JeHCTBHS 3JIEKT-
pormpecca.

Kak HeTpynHO y6GemuThCs, YCJOBHSIM 3TOH 3alaud yIOBJIETBO-
pAeT MNPHHUHN HeACTBHS, KOTOPHIA 06pasyloT NepeyucjeHHbEe BH-
me 3¢dexTh. JelicCTBHTENBHO, €CIH CBECTH HX (OpPMyJbl BOEAHMHO,.
TO NOJYYHM CJeAYIOLIHA pe3ysbTart.

~ —cMm. ¢ 72
* —cM. o c 71,
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{IPHHLHII JEHCTBHA 3JIEKTPOIIPECCA

(1) 3KX1 —=3IX1

(2) 3IX1 #= 171 (eX1 =1, TRXL EHY7)

(3) 77X12—— 17X (X1 --X,TX1=T7X)

(4) 17X #Z=1E2x (sx=7)

(5) 1E2X "o 1E2K™ (0=K", K =1 5K =1)

7

(8) 1EEX *——4FX (SX =7, £2X> B3X)

3pecb  ~7 o3Hauaer JIOTHYECKYI0 B3aHMOCBSI3b MeXJIy OTeJb-
#uMH 3¢ dekramu; (1) (6) — Homepa 3¢pPeKTOB B HaHJEHHOM
NpHHIHIE NeHCTBHS.

IlpuBeneHHBI! NpHMEp MO3BOJSET HArJsAAHO NPOJEMOHCTPHPO-
8aThb OJHO H3 IJIaBHBHIX NpPEHMYLIECTB KOMGHHATODHOrO MeToxa Ime-
pen cyuectBylomuMH (cM. c. 4). OHO cOCTOHT B TOM, 4TO CBeje-
HHH, KOTOPHIE COJEpXkKaTcsi B YCJIOBHAX peanusauuu sddekros, o6-
PasylolHUX NPHHUHN NeHCTBHS NMPOEKTHPYeMOi#l CHCTeMBl, J0CTaTod4-
HO AJIS1 NOJyuYeHHs ee <«rpaduyecKod HJJIOCTPALlMH», HJH, KakK
HHOTJa FOBODPSAT, «CKeJeTHOH» KOHCTpykuuu [5, c. 41].

IefcTBHTENBLHO, H3 aHaJH3a NOJYYEHHOrO pelleHHs BHIHO, 4TO
fIpOEKTHPYEMEIfi 3JEKTPONpecc COCTOHT H3 ABYX 3JIEMEHTOB — IpO-
BogHuka X/ u tBepaoro tena X’ (cM. apdekr 1 u 3), npHueM 3TH
06beKTh HaXOAATCA B OTHOLIEHHH NPOH3BOJBLHOrO KOHTakra (XI--
--X). Teepmoe Teno X’ BosmelicTByeT Ha Apyroe TBepiaoe Tteao X”,
OHo, B JaHHOM cJyuae, sBJsieTcd TeM 06beKTOM, Ha KOTOPHIA Ha-
fpaBJeHo NefCTBHe 3JeKTponpecca. YUHTHIBass 3HAa4€HHs XapakTe-
PHCTHKH Temjoo6MeHa npoBoaHHKa (¢XI=1) u creneHp (puKcalHA
TBepabix Ten (sX'=1, sX”"=1), MOXHO NpPENJIOXHTb BapHAHT KOM-
fIOHOBKH 3JIeKTponpecca.

[IpuBeleHHbIe pacCyXK/JeHHs JOCTaTOYHO

I~ 1y SICHO TNOKashIBAalOT, 4TO C MOMOLLbI0 rpada
3¢ (peKToB pewuTh 3ajgayy (OPMHpPOBaHHSA
) o NPHHUMNOB JeHACTBHA He NpeACTaBaseT 60Jb-

IIOro TPyAa — BCE HCKOMHE NPHHIHMNH aed-
cTBUS BHAHH Kak Gnl «cpa3ys. OmHako yBe-
JHYeHHe uHciaa 3¢ ¢deKTOB B MacCcHBe IPHBO-
3 IHT K yBeJHYEHHIO uHcJa nepecedenufi pe6ep
rpadpa u popmara JHCTA, Ha KOTOPOM e€ro

- Puc. 2.10. KoMnoHOBKa sJeKTpornpecca:
45 1 — snekrponarpeBateab (X1); 2 — MerajaJjHyeckas
7 wranra (X’); 8 — 2JeKTpo- U TemJIOH3oaAUHA; 4 — ne-

taap (X”); 5 — onopw.
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MOXHO OHIJIO 6bl H306Da3HTh <IEJIHKOM». DTO BeleT K TOMY, 4TO
[0 Mepe pocTa MOUIHOCTH MaccHBa 3¢dekroB rpaduueckass popma
ero npeiAcTaBleHHs TepseT YyKas3aHHoe mnpenmyulectBo. I[loatomy
Hajo HCKaTh Apyrue — GoJjee ynob6Hble U yHHBepcasJbHbE — (HOPMHEI
onucaHHs MaccHBa 3¢ ¢dekToB.

B 3To#f KHHre paccMOTpeH BapHaHT KOMOGHHATOPHOro MeTo.na,
6a3a 3HaHHH KOTOpPOro mnpeacTaBJisieT H3 ce6si NnepeyHH rpymnm Of-
HONPHYHHHBIX H OJHOCJHeJCTBEHHHX 3((eKToB, a Takxke OOIIHA HX
nepeueHp (cM. mpujoxeHus 2--4). IlepBrle nBa H3 yKa3aHHHX Ie-
peuHeil moJiyyalioTcsi B pe3yJbrare o6beniHHeHHS 3¢d(deKToB, HMeIo-
LINX OJHHAKOBLIE NPHYHHBI HIH CAEICTBHS.

Hanpumep, rpad M, cocrosiunit us 13 addekros (puc. 2.9),
MOXHO npeo6pa3oBaTh caeNylOIIHM 06pasoM.

INEPEYEHb TPyNnil OJHOIIPHYHHHBIX 3PPEKTOB

A As Ay

| 1. A4, | I 5. As—>As ' | 13. Ar—~A, |
A2 7. A3—>A7 Ag

2. A2—+A3 As I 12. Ag—>A5 |
3. A2—>A4 | 6 A5—+A4 l 10

4, A2—+A6 9. A5—+A3 , 10 A|0—+A3|
Ag An

I 8. A6—+A5 I ‘ 1 1 A|1—>A3 L

IIEPEYEHb T'PYNII
OAHOCJIEACTBEHHbBIX 3PPEKTOB

A, A, As

, 1. A1—>A2 I 3. A2—>A4 | I 4. A2—>A6 I
A3 6. A5—>A4 A7

2. A2—+A3 A5 I 7. A3—>A7 I
10. A|0—+A3 5. A3—>A5 Ag

11. A11—>A3 8. As—>A5 I 9. A5—+A8 '
12. Ag—~As A,

I 13. A7—>Ag '

OBLIHH MNEPEYEHb 3PPEKTOB

1. Ai>Ay(Ui2) 5. Az—>As5(Uss) 9. As—>As(Uss)
2. Ay>A3(Usz) 6. As—>A4(Uss)  10. Ajo—>As(Uios)
3. Ag>Ay(Ugy) 7. As>Ar7(Usz) 110 Ay—>A3(Una)
4. Ag—>As(Uss) 8. Ae>As(Uss) 12. Ag>As(Ugis)
13. A7—>Aq(Uzy)

Kak HeTpynHO y6enHTbCs, AaHHBle NMEpeYHH cOoAepkKar Bce CBe-
ReHHs1 0 B3auMocBs3sx Bepuind rpada M. CienoBaresbHO, C HX MO-
MOILIBIO TaKXe MOXHO peumaTth 3ajgayH (OpMHPOBAaHHS NPHHIHOOB.
neficTBus. IIpy 3TOM Hajo YYHTHIBATb ABa OGCTOATENbCTBA.
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Bo-nepBhIX, paccmarpuBaemMasi 3ajaya MoOXeT GHITb pelleHa
ABYMs cnoco6aMH: «npsIMBIM» U «o6paTHbIM». IIpH HcnoJib30BaHHH
epBOro H3 HHX HMCKOMHIH NpHHUMD gaeficTBHA ¢QopMHpyeTrcs oOT
«cpeibl (YHKUHOHHPOBAHHA» K «LeNH (YHKUHOHHDOBAHHAY», a INPH
HCIIOJIb30BaHHH BTOPOro cnoco6a — Hao60poT.

Bo-BTOpHIX, AJs1 TOro, 4ToGbl COKPAaTHTh YHCJO LIAroB B MPO-
Hecce pelleHHs MOJOOHBIX 3amay, pe3yJbTaT MaHHNYJHPOBaHHA Ne-
peunsMu rpynn 3¢dekToB nmepBoHayajbHO odopmasercs (B 3aBR-
CHMOCTH OT cnoco6a pelleHHsi) B BHIE HHCXOAAILIEro HJH BOCXOAA-
miero jgepeBa 3¢ ¢eKToB.

C yyeTOM CKa3aHHOrO COBOKYNHOCTb ONepauxdH KOMOGHHATODHO-
ro Merojga 6Gymer onpeneisThcs cienyiouef 6J0K-cxeMoil.

IIPIMOHA CIIOCO5 PEHIEHHS 3AI0AYH
®OPMHPOBAHHSA NPHHLHIIOB HEHCTBHA

1 Buisoe 43 I} royn- 2 /TOCTO0EMHE HHCKD-

Co | /0 3PENTOB, Mow- I |29UEro sEpEBA 59- Z,
YHBI KOTOPBIX TOM- PEXTOB, COOTBETCTBY -
JDECTBEHH! L, KOUYErD 1PYIVIE [rne

Y &

Z, |4 /l0ChELOBATERSHOE TTom;
JECTBAEHUE NEPEMEHHON | Cy
L Co CAELCTRUAM 9% -
TEXTOB H3 TPVINL] [

——
L & OPOPMAEMHE PEMEWZ—J f/%/




OBPATHBIHA CIIOCO5 PELIEHHA 3ANAY
®OPMHPOBAHHA INNPHHIHIIOB NEHCTBHSA

1 Buso w3 g} reyi- & /TOCTROEHHE BOCXD -

Y, |/ IPPEKTOB, cAE- I | OS7U4ErO LEAEBA 3P~ | T
CTBUST KOTOPbIX TOM- PEKTOB, COOTBETCTBY -
JECTBEHHE! Uy FOUYETD TPYITE [oxe

Yuxn K
2D, |#/T0CAELOBATENSHOE
= \OTOHDECTBAEHHE [IEPEMEH Uy

Hok 1€ Iyt
IDDEKTOB H3 [PV Iy

()

[o] s

5 OPOPMAEHUE  PELLIEHUA

I/ICHOJIb3yeMbIe B 3THX CXeéMaxXx CHMBOJIBI HMEIOT CJleH.YIOlIIHn
CMBICJI:

1--5 — rpynnel onepauufi KOMGHHAaTOPHOrO METOAA;
k — war pemweHus 3agayd ¢GOpMHPOBAHHS NPHHUHMIOB HedCT-
BHS;

k=1 — KoMmnoHeHTa «cpeia (yHKUHOHHDOBAHHS MNPO-
C €KTHPYeMOH CHCTEMBI»,
L k>1—cnencreusa 3d¢ekToB, HaNAEHHHX Ha mare
(k—1);

k=1 — xoMnoHeHTa «<UeJb (YHKIHOHHDOBAHHA MpPO-
I eKTHPYEMOH CHCTEeMbI»,
k" k>1 — npuuunsl 3¢dexroB, HaHAeHHHIX Ha Imare

’
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{Iw}, {I'<} — cooTBeTCTBEHHO NepedeHb TPYNN OAHONPHYMHHEIX B
ONHOCJeACTBEHHHX 3¢ (eKTOB;

I'n, I'c — COOTBETCTBEHHO TPYNNBE OAHONMPHYHHHBIX H OJHOCJEN-
CTBEHHHIX 3¢ (eKTOB;

D — nepeBo 3ddekros;

i — MaKcHMaJIbHO JONyCTHMOE 4YHCJO YypoBHeH B nepeBe 3d-
¢ekTOB;

LI, C — cooTBeTCTBEHHO LeJb H cpela (QYHKIHOHHPOBAHHS NMPO-
eKTHPYEMOH CHCTEMBbI;

{10} — BapuaHTH NpHHLHMNA JEHCTBHA NPOEKTHPYeMOH CHC-
TEMHL.

Ha nepBhiit B3rJsii MoOXeT NOKa3aTbCsd, YTO HCIOJb30BaHHE B
KOMOGHHATODHOM MeToje NpsIMOro H o6paTHoro cmnocoGa pelleHHs
H3JIMIIHe, TaK KaK H TOT H JAPYrofl HNPHBOAAT K OJHHAKOBBHIM pe-
3yJbTaTaM. TO 3aMeyaHHe CNPaBelJHBO JHLIb B TOM CJlyyae, ecln
HCXOJHble JaHHBe 3aJaud GOPMHPOBAHHS NPHHIUHKIOB AEHCTBHsS OI-
penesieHsl B NMOJNHOM o6beMe. MIHHIMH cJIOBaAMH, H3BECTHH Kak cpe-
14, TaK M Lelb QYHKIHOHHPOBaHHsA NpoekTHpyeMol cucrembl. On-
HAaKO Ha NpakTHKe OYeHb YacTO BCTPEYAlOTCs CJyuyaH, Korja ycJao-
BHSI paccMaTpHBaeMON 3aJadH onpejejeHbl YaCTHYHO: TOYHO H3-
BecTHa Ju60 uenb, Au60 cpena ¢yHKuHOHHpOBaHHA. HcxonHee
JNaHHBIe TAKOro poja 3ajay 3amnHChiBalOTCS CJeAYIOWHM o6pas3oM.

JAHO: cpena u ueiap GYHKUHOHHPOBAHHSI NPOEKTHPYEMON CH-
cremul: J—+>A

HJH

IOAHO: cpena u uenb (GyHKILHOHHDOBAHHSA NPOEKTHPYeMOH CH-
creMbl: A—->J.

3nece &, A — COOTBETCTBEHHO, HeompeleneHHass (HeKOTopas)
H onpejesieHHas (KOHKpeTHas) Lesb HJH cpeia (pyHKIHOHHDPOBa-
HHS.

ITono6Hule 3anayn B JaJjibHeiineM OyAyT Has3blBaThCA 4ACTUUHO-
onpedenennbimu. Ilpn pemendn 3agay nepsoro Thna (J—-+A)
MOKHO HCIHOJIb30BaTh TOJbLKO 06paTHHI crnocob, a MNpH pelleHHR
3agay Broporo thna (A—-»><J) — TONbKO NpAMOH.

Tenepb MOCMOTPHM, KakK, HCNOJb3ys NepeyeHb rpynn OLHOMpH-
yHHHHIX 3(dekToB (cM. c. 26) M HeHcTBYs B COOTBETCTBHHM C mpen-
JIOXKEHHO!H GJIOK-CXeMOl, MOXHO HaHTH pelleHHe yXe H3BeCTHOH
HaM 3ajaun (cMm. c. 23).

IOAHO: cpena u ueib GyHKUHOHHPOBAaHHSI NPOEKTHPyeMo# CH-
creMbl: A—->As.

HAVITU: BapuaHThl NpHHIHNA [AEACTBHS CHCTEMLl, BRIMOJNHSA
Ioliell 3aflaHHYI0 (PYHKIIHIO.
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PEINIEHHE 3AHAYH

Myctb i=4 AEPEBO 39PEKTOB
1) C=A,; 2) Ilo A, HaxoauMm A
k=1 rpynny OAHONPHYHHHHX 3ddek-
TOB «A)». 1.
—_ A2
- |
3) C=A,. 4) o A, naxomum 9 3 4
k=2 rpynny OXHOMPHYHHHHX 3ddek- ) ) )
TOB «Ap».
= ) ¥ Y
hand A3 A.x A‘

5) C’'=A; 6) Ilo A; HaxomuM
rpynny OAHONPHYHHHHX 3ddek-
TOB «Asz». 5. 7. 8.

=3 7) C"=As; 8) Ilo As nHaxopum
- TPpyNny OOHONDHYHHHHIX 3ddek-
TOB «Ag»

B —rpynnu «Ap» B paccmat-
pHBaeMOM IepeuHe Her.

9) C’=As; 10) no As HaxoquM _ o
rpynny OLHOMPHYHHHHX 3ddex-
TOB «As».

11) C”"=A;; 12) o A; Haxo-
JHM TPynmy OJHOMPHYHHHHX 3¢-
dbekToB «A7».

. HCKOMBIE IIPHHIIHITBI
k=i=4 |1— JNEACTBHSA

KoHeu pelenus

['Illl: A|—>A2(U1,2). Az—*As
(U23), As—~>As(Usss),
As—As(Us.s),

I12: A—>Ay(Ur2), As—>As(Uzse),
As—As5(Us.s), As—>As(Us.s).
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3npecy HmUGpPH, CcTOALIHEe BO3jJe peGep nepeBa, COOTBETCTBYIOT
HoMmepaM 3¢ deKkToB B HX o6lieM nepeuHe (cM. c. 26).

B 3akjioueHHe 3TOji rJaBbl HEOGXOAMMO OaThb HECKOJBbKO NOsicC-
HeHH#, Kacawouuxcsi obuiero nepeuds 3¢dexToB (cM. mpuioxe-
HHe 4). ®opma onucaHus GOJILLIHHCTBA M3 BXOLSALIMX B Hero 3¢-
¢deKTOB HMeeT psAM OTJHYHHA OT TOH, YTO HCNOJb30BaJach paHee.

Bo-nepBbiX, npH pa3paborke 3TOro mepeuHs GoJbliasi 4acTh Ha-
paMeTrpoB, OmNpefeJsIOIIHX YCJOBHS peajusauun 3¢ddekros, pac-
CMaTpHBAIOTCA KaK HEKOTOphle mocTosiHHbie (cM. c. 14). Hckaioue-
HHEM SIBJAIOTCA JIMIIb T€, 3HaU€HHEe KOTOPLIX BJIHAET Ha HaJHuUHE
HJH OTCYTCTBHE CBSI3H MeXIy NPHYMHOH H caencTBHeM s3ddekra.

Hanpumep, H3BeCcTHO, YTO ec/iH TBepAO€ TEJO HAXOAHTCS B IO-
TOKEe XXHIKOCTH, TO YBeJHYeHHe ero JHHeHHOro pasMepa NPHBOIHT
K yBeJHYEHHIO MOJABOJHMOrO K HeMy TemJa. YCJOBHS peaJH3alHm
nanHoro sddexra onpenensioTcss TaKHMH NapaMeTpaMH B3aHMO-
JleficTBYIOIIHX OOBEKTOB, KaK LIEPOXOBATOCTb NOBEPXHOCTH TBEpHO-
ro TeJja, CKOPOCTh, IJIOTHOCTh, BSI3KOCTb XKHAKOCTH M T. n. Y13 Hux
0co60 Hano BHAEJNHTH CKOpocTh XHAKocTH (W), Tak Kak B oTJH-
qHe, OT OCTAaJbHHIX ONpeNesIOUNX MapaMeTpPOB OHA MOXET IPHHH-
Math HyJneBoe 3HaueHue (W=0), npx KOTOPOM B3aHMOCBSI3b MeX-
Jly paccCMaTpHBaeMBIMH NpPOLECCAMH He CyLIecTBYeT.

C yueroMm BhIIecKa3aHHOro 3TOT 3G deKr Oymer OmMHcaH ciaeny-
I0IHM 06pa3soM.

ILX>1Q1X (X--Y, 5WY)

VBenuuenune auneitsoro pasmepa (L) tBepmoro tena (X) mpu-
BOAHT K yBEJHUYEHHIO MOABOAHMOrO K HeMy KOJHYeCTBA TelJa
(Q1X) npu ycioBuu, yto: 1) TBepaoe TeNO HAXOAHTCS B MOTOKE -
xkuakoctH (X--Y); 2) ckopocts (W) XKHAKOCTH yBeJHYHBaeTCsl HJIH
[OCTOSIHHA.

Hanpasjienusi M3MeHeHHs APYTHX NapaMeTpoOB, OMpeeNsiOmHX
ycaoBus peanusauud 3toro 3ddexra, B ero popmyse He yKasaHHL.

Bo-BTOpHIX, ¢ LeJbl0 COKpalleHHs o6beMa paccMaTpHBaeMoro
nepeuHs CJOBECHOE OMHCAHHE Napbl NPOTUBONOAOXCHbIX 3pexTO8
oGbequHseTCs B eJHHbl (pparMexr.

OT/NUYHTEIbHEIM NPH3HAKOM 3(p($eKTOB TakKoro poaa sABJsAeTCS
HaJiuyHe B HX ONHCAHHH NMPOTHBONOJOXKHBIX TEHIEHUHH H3MEHeHHs
ONHHX H Tex Xe napamerpos 06bektoB (PO).

Hanpumep, no OTHOIIEHHIO K yNOMHHaeMOMy paHee 3(dexry
TeNJOBOrO PAaCUIMPEHHs] NPOTHBONONOXKHHM 6yner sddekr remna-
BOTrO CXAaTHf,

ITX—~2VX (sX>2, 6EX)

Vmenbmenne temneparypu (T) tBepaoro tena (X) npuBOAHT
K yMeHblienuio ero o6bema (V), mpu ycnoBHH, 4TO: 1) crenensb
¢ukcauuu (s) tBepmoro Tesna GoJbllie HIH paBHA 2; 2) kosbou-
LHeHT JuHeliHoro pacwkpenns (E) TBepmoro Tena yMeHbllaeTcCs
HJIH TOCTOSIHEH.
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B o6mem nepeuHe naHHas mnapa 3¢¢$eKToB, C y4eTOM NEepBOro
3aMeuaHus, 6GyJeT OMHcaHa cJeyIoUHM 06pas3oMm.

a. ITX—>1VX (sX>2)
b. 2TX—>2VX (sX>2)

YBennuenne (ymeHblieHue) temnepatypu (T) TBepmoro Tena
(X) npuBoauT K yBennueHuio (yMmeHblueHHI0) ero o6beMa (V) npu
YCJIOBHH, YTO cTeneHb ¢HKcauuu (S) TBEpAOro Tejaa GOJblIe HJIH
paBHa 2.

3nech a 1 b — HoMepa 3¢p¢eKToB B O6LIEM MEpeyHe.

B-Tperbux, B OOLIH{i mepeueHb BKJIOYEH Pl JOTHYECKHX mpa-
BHJI, N0 ¢opMe ONHCaHHA HanoMuHawowWHX 3¢¢ekTh. X Hcmoabso-
BaHHe B 6a3e KOMOHHATOPHOrO MeTOAA MO3BOJISIET CYLIECTBEHHO CO-
KPaTHTb YHCJIO BXOASIIMX B Hee 3((PeKTOB, He MeHsss NPH STOM
obmuit o6beM coaepxkaiuuxcs B Hell 3HaHuil. CyTb yKa3aHHOro Me-
XaHH3Ma «CBEpPThIBaHHS» HH(GOPMALUH COCTOHT B BO3MOXHOCTH Ie-
peHoca cBeleHHil, PHKCHPOBaHHLIX B 3¢ deKTax obLiero xapakrepa,
Ha psAA 4YaCTHBIX CJHy4yaesB.

Hanpumep, siB/ieHHe KOHTAKTHOIO TemJIoo6MeHa MeXAy TaKHMH
00beKTaMH KaK TBEPAOE TeJO, KHAKOCTb H ras JJisi cjiydasi Harpe-
Ba onucuiBaetrcs 9 apdekramu.

ITX'—~ITX" (X'--X", TX'>TX") | ITY—~ITX (Y--X, TY>TX)
ITX—~ITY (X--Y, TX>TY) ITY'~ITY” (Y'--Y", TY' > TY")
ITY—>ITZ (X--Z, TX>TZ) ITY—~ITZ (Y--Z, TY>TZ)

ITZ~I1TX (Z--X, TZ>TX)
ITZ—~ITY (Z--Y, TZ>TY)
ITZ'~ITZ" (Z'~-Z", TZ'>TZ")

3pecs T — remneparypa, X — TBepaoe TeJ0, Y — XHIKOCTb,
Z —ras, «--» — OTHOLIEHHE M[POHU3BOJbHOrO KOHTAaKTa, WITPHXH
(,”) ucnosnb3yloTcsi A/si 0603HAYEHHs] PA3JHYHBIX, HO ONHOTHI-
HbIX OO'BEKTOB.

C napyroii cTOpPOHBI, H3BECTHO, 4TO paccMaTpHBaeMble OOBEKTH
SBJASIOTCS YacTHBIMH cayuasmu BewecrBa (V). Ilostomy npuBe-
IleHHbe Bbille rpynnbsl 3 (eKTOB MOXHO 3aMeHHTb OJHHM 3¢ dek-
TOM M LIECTbIO JIOTHYECKHMH NMpaBHJIaMH.

ITV'>ITV" (V'--V", TV’ >TV")
ITV=ITX (V=X) | ITX=ITV
ITV=1ITY (V=Y) | ITY=1TV
ITV=1TZ (V=2) |ITZ=1TV

31ech «=» — «SABJAETCA», «MOXHO paCCMaTPHBaThb KakK...»,
Hanpumep, ¢opmyna «ITV=ITX (V=X) — o3Hayaer «yBeJHye-
uue temnepatrypsl (7T) BemecrBa (V) MoXHO paccMaTrpuBaTh Kak
yBeJIHUEHHE TeMIepaTypul TBepAoro Teja (X) nNpH YCJOBHH, YTO
BEILLECTBO SIBJASIETCS TBEPABIM TEJOM>.
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HerpyaHo mokasartbh, 4TO mpoBejeHHas 3aMeHa, COKpaulas YHC-
JIO 3JieMeHTOB 0a3bl 3HaHHH, He H3MeHseT HX o6beM, TaK Kak JIo-
60t M3 HCXOXHBIX 3(G(PeKTOB MOXKHO 3aMEHHTb KOMGHHAlHeH ABYX
fIpaBHJI H MOCJEAHEro a%q)ema. Hanpumep, rpynna ¢opmya
I?Xaa]TV; ITV'—>ITV' (V'--V”, TV'>TV"); ITV=ITX (V=X)
#iIMEeeT TOT XK€ CMLICJI, 4YTO H (PopMysa mepBoro HcxomHoro 3dodex-
ta: ITX'—>ITX” (X'--X", TX'>TX").

B-uerBepTHX, psii 3¢ QeKToB, BXOASIIHX B NepeyeHb, CONPOBOXK-
Jaercsd ChelHaJbHBIMH 3HauKaMH — JIHTEPaMH, KOTOPbI€ HCMOJb-
3yloTca B npouecce (HOpMHPOBAaHHS MNPHHUMIOB [AeHCTBHS H TNPH
paspabotke HX rpadHYecKoH HJIOCTPAUHH. DTH 3HAYKH 3aMHChI-
BalOTCsl B KBaJpaTHbIX CKOOKax cpasy mocJe YCJIOBHH peasiH3alHH
s¢dekra.

Jlutepa «O» (OZMHOYHBIN) O3Hauaer, 4TO AaHHbIH 3pdeKT He
#iMeeT NMPOTHBOMOJIOXKHOTO.

Jlutepa «pl» o3Hauyaer, yTo B npuHuHHe 3¢ (deKra yKasaH He
«JI060H», a «HEKOTOpLIi» mapaMerp. Hanmpumep, ToaliHHA — HEKO-
TOPHIH JHHEHHBIA pa3smep.

Jlutepa «p2» osnauaer, uTo B cJaeacTBHH 3(¢eKTa ykasaH He
«J1060f», a «HEKOTOPLIfi» mapaMerp.

Jlutepa «ol» o3Hauaer, uTO B npuHuHHe 3¢ddeKra ykKa3aH He
«JII000i», a «HEKOTOphIH» 00beKT. Hampumep, CHrHeTO3JI€KTPHK —
HEKOTODBbIH AH3JEKTPHK.

Jlutepa «02» o3Hauaer, 4TO B cJaeACTBHH 3(pdeKTa ykasaH He
«JI06OH», a «HEKOTOPhIH» OGBEKT.

Jlutepa «/ZI» (nBOiHOM) — O3Hauaer, 4TO B NMPHYHHE H B CJEl-
<TBHH 3¢ ¢deKTa yKasaHbl pa3iiHuHbie 06 BEKTHI.

[TocMOTpHM, YTO MOXET JaTb HCNMOJb30BAHHE 3THX 3HAYKOB MPH
pelIeHHH KOHKPeTHBIX 3ajad.

[IpennonoxuM, Hajo HAATH HECKOJNBKO BAapHAaHTOB MpPHHIHNA
AeicTBUS Kakoro-iu6o peryJastopa. MasecTHo, uto uenp QyHKIHO-
HHPOBaHUS CHCTEM TAKOrO poja COCTOMT KaK B YBeJHYEHHH, TaK H
8 yMeHblleHHH Hekortoporo mapamerpa (P) obmbekra (0): IPO,
2P0. Ha nepBblil B3rJIsA KaXeTcs, YTO B JAHHOM CJydae MpHIET-
¢ CHayaJa pewuTbh ABe 3ajgaud: ..——>I/PO; ..=>2P0, a norom
Ha OCHOBaHHH CPaBHHTEJbHOrO0 aHa/JH3a MOJYYEHHLIX pe3yJbTaTOB
8bi6paTh M3 HMX HCKOMble BapHAaHThl mpHHuUHMNa AefictBusa. OgHaKo
Hcnosb3oBaHHe B (dopmyne 3ddexktos aurepsl «O» NO3BOJHT CY-
LIeCTBEHHO YMPOCTHTh NMpHMEHeHHe KOMOHHAaTOPDHOTO MeToja B MO-
JNOGHBIX cuTyalHusx. JloctaToyHo 6yAeT pellHTb Jio6yio H3 yKasaH-
HBIX BbIlIE 3344y C TEM JIHLIb YCJIOBHEM, YTO B mpouecce $GOpMHUPO-
BaHHMs MPHHUMNOB HeHCTBHS B HMX cocTaB He OyAyT BKJIIOYAThCs
s dektsl, nomeyeHHble Jurepoii «O». Bce, uto mpu 3toM Oyzner
HalJeHO, SBJSETCS BapHaHTaMH NpHHIHNA AEACTBHS paccMarTpH-
BaeMoro peryJsropa.

[TpuMeHeHHe OCTaJbHbLIX JIMTEP MO3BOJSAET H36exarb mnomana-
HHS B pe3yJbTar pelleHHs 3anau IMPAKTHYECKH HepeasH3yeMbiX,
IPOTHBOpPEYHBbIX NPHHUKNOB AefictBus. O6bEM 3TOH KHHIH He Mo-
3BOJISIET MOAPOGHO paccMOTpeTh AaHHbli Bompoc. Ilostomy orpa-
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HHYHMCS 31€Cb NEPeYHC/JIEHHeM NpPaBHJ, KOTODLIE MO3BOJAT OAHO-
3Ha4YHO ONPENEJHTb, SIBJSETCS JIH TOT HJIH HHOH OPHHUHN AeHCTBHSE
(I1O) nporusope4usvim wunu Her.

1. Ecau T1I1 conepxut ABa 3ddekta ¢ Jutepamu o2, ol (ann
ol, 02), Mexay KOTOpeIMH Her addexra (3ddexTos) c auteport 1,
TO naHHbii I1]] sABIseTCA NPOTHBOPEYHBHLIM.

Hanpuwmep, mo6oit T11, coxepxamuii npHBeIeHHBIN HHEXe ¢par-
MEHT, SIBJAETCSI NPOTHBOPEUYHBLIM.

a. 3Y—IE2X (X--Y,sX=1) [ol,02]

Hanunuue nexotopoit xxkuakoctu (Y)™ nNpHBOAHT K yBeJHYEHHIO
HanpsikeHus cxkatus (E2) B nekoTopom TtBepzom Tene (X)* npm
YCJIOBHH, uTO: 1) TBEpLOE TeNO KOHTAKTHPYET C XHAKOCTbIO; 2) cTe-
nesdb ¢puKcauuu (S) TBepAOro Tejaa pasHa /.

* X — nopucroe Teso.

=~ Y — xuakocTb, cMaunBaiowass mopucroe teao X.

b: 1E2X—~3RX1 (X+S1,X1+S1) [ol]

¥Ysennuenne Hanpsxenus cxkatus (E2) B HEKOTOPOM TBepIOM
Tene (X) NPHUBOAMT K NOSIBJEHHIO 3JEKTPHYECKOrO HampsKeHHs
(K) B nposoxunke (XI) npu ycnosud, uto: 1) TBepmoe TeJo SsIB-
JISI€TCS NbE30KPHCTAJJIOM; 2) Nbe30KPHCTAJJ SBJISETCS MPOKJaf-
Koit kKoHmencaropa (S7); 3) mpOBOAHHK MNOAK/IIOYEH K KJIeMMaM
KOHJeHcaTopa.

2. Ecan T11 comepxur ABa 3bdekra ¢ autepamu pl, p2 (uam
p2, pl), Mexay KOTOPLIMH HeT ApPYrHx 3¢dekToB (He mnyTaTh €
npaBHJIaMH OTOXJAECTBJEHHs), TO AaHHbA II[] sBJAseTCs NMPOTHBO-
PEUHBLIM.

Hanpumep, mo6oit I1[1, conepxamuii npuBefeHHbI HHXe dpar-
MEHT, SIBJISIeTCS POTHBODPEUYHBLIM.

a. IHU3—~1LX2 (sX2>2) [p2]

YBenuuenne HanpsixkenHoctd (H) maruutHoro moas (U3) mpu-
BOAHT K YBEJHYEHHIO HEKOTOPOro JHHeiHoro pasmepa (L)~ dep-
pOMarHeTHKa NpH YCJOBHH, 4TO cTeneHb ¢ukcauuu (s) ¢eppomar-
HeTHKa 6oJibllle HJIH paBHA 2.

~ HanpasjieHHe u3MeHeHHs JIMHEHOro pa3Mepa napajljieJbHO BeKTOpY Ha-
NpPSIXKEHHOCTH MarHUTHOrO MOJs.

b. ILX2=ILX6 (X2=X6) [ol, oJ]

YBennuenne JuHeiHoro pasMepa (L) ¢deppomarHetHka (X2)
MOXKHO paccMaTpHBaTb KaK yBeJHUeHHe JHHeHHOro pasMepa HEKO-
TOPOro0 MeTaJJIH4ecKOro MpoBOAHHKA (X6) NpH yCJIOBHH, 4TO Gep-
poMarHeTHK, siBAsieTCS] MeTaJJIHYECKHM NPOBOAHHKOM.

c. ILX6->IRX6 [plI]
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VYBesnunueHHe HeKoTOporo JuHeiiHoro pasmepa (L)~ wMeranuau-
9ecKoro mnpoBoxHuKa (X6) NPHBOAHT K YBEJHUEHHIO €ro CcOmpo-
THBJICHHS.

~ L — pyiuHa NpOBOAHHKA.

Hano orMeTHTb, YTO NMPOTHBOpPEUHs 3TOrO THIA MOXKHO JErKo
YCTPaHHTh C MOMOLIBIO 3BPHCTHYECKHX NDHEMOB, NepeyeHb KOTOPHX
GBI NPHBENEH B TPeThell KHHre JaHHOH CEpHH.

3. Ecau I conepxur nBa a¢ddekra ¢ HECOBMECTHMbIMH YCJO-
BHSMH, MeXJy KoTophiMu Her 3ddekra (3¢d¢dexkToB) c JaHTepofA
A, to naunuiit I1]] sBAsieTcs] NPOTHBOPEYHUBHLIM.

Hanpuwmep, awo6o# I, conepxamuit npuBeneHHb HHXe ¢dpar-
MEHT, SIBJSETCS NPOTHBOPEUHBHIM.

. . . . . . . . .

a. 1QIV—1Q2V (cV=3)
VBeanueHHe KoJHuecTBa TemJIa, MOJABOAHMOrO K BELIECTBY
(Q1V), npHBOAHT K YBEJHUYEHHIO OTBOAHMOrO OT HEro KOJHYeCTBa
tensia (Q2V) mpu ycJOBHH, 4TO XapaKTepHCTHKa Temioo6mena (c)
BellecTBa paBHa 3.
b. 1Q2V—-2TV (cV=2) [o]
YBesnueHne KoJHYeCTBA TeIJa, OTBOJAMMOIO OT BelllecTBa
(Q2V), npUBOAHT K yMeHblIeHHI0O ero Temnepatyps (T) npu ye-
JIOBHH, UTO XapaKTEepPHCTHKa Temaoo6meHa (c) BewmecTBa paBHa 2.

4. Ecau I1I comepxHuT ABa NpaBHJia, YCTAaHABJHBAIOUIHX TOX-
JEeCTBEHHOCTb Pa3/IMUHbLIX OO'bEKTOB, MEXAY KOTOPhIMH Her 3¢ dek-
ta (3¢dekroB) c qurepoit [, TO HaHHBIH OPHHIUMN AeHCTBHS SBJIA-
€TCsi NPOTHBOPEUHBLIM.

Hanpuwmep, mo6oi I1]1, conepxaiunii npuBeeHHbIA HUXKe dpar-
MEHT, SIBJISeTCS MPOTHBOPEUYHBLIM.

a. IMX=IMV (X=V) [02]

YBennuenue maccel (M) TBepmoro Tena (X) MOXKHO paccMaTpH-
BaTh KakK yBeJHYeHHe Macchl BemectBa (V).
b. IMV—1P2V

YBeanuenne macch (M) semecrsa (V) npuBoauTr K yBeaHue-
HHIO ero Beca (P2).
c. 1P2V=1P2Y (V=Y) [o1]

Veenuuenne seca (P2) sewectBa (V) MOXHO paccmartpHBaTh
KaK yBeJHueHHe Beca XHAKOCTH (Y) npH yc/oBHH, YTO BellecTBO
SIBJISIETCA XKHUAKOCTBIO.

3nech a, b, c — HoMepa 3ddekToB B HX oblieM mnepeuHe.
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YIOPA)KHEHHUA

1. Onpenennte NpHHUHN [eACTBHA CJELYIOIIHX TEXHHYECKHX
CHCTEM: 3JIeKTDHYeCKas JaMIa; COJIeHOH[J; TepPMOMeTp; THADAaBJIH-
9ecKHii KpaH; aspocraT, HcmoJb3ylomuid 3¢dekr HarpeBa paGoue-
ro rasa.

IIpsn onucaHHM NPHHUMNOB AEHCTBUS 3THX CHCTEM HCIOJb3yeT-
es u;oaapb TEPMHHOB f3blKa onucaHus 3¢ dexToB (cM. NpHIOKe-
HHE

2. Pemnte nNpHBeNEHHYI0 HHXKe 3ajauy, HCNOJb3ys AJS 3TOro
yKa3aHHbIe paHee mepeuyeHb IPyNN OJHONDHYHHHBIX 3ddekToB H 06-
mu# nepeueHb 3p¢dekToB (cM. 26).

JOAHO: cpexna u ueap (yHKIHOHHDOBAHHS NPOEKTHPYEMOH CH-

creMu: Ajrm—>A,.

HAVITHU: BapuaHTH NpHHUHNA HEeACTBHS CHCTEMH, BLINOJHSIO-

wmel 3agaHHyo QYHKIHIO.




I'/TIABA 3

AJITOPUTM KOMBHUHATOPHOI'O METOJA
H AI0XHHA NPOGJEeMHBIX CHTYyalHi

I BAa=A SHAH

YBEJUHEHWU YMEHOWEHHUWE | HAJIWUUE ‘
T S \\R N
i%\\




IMpexxne yeM NMpHCTYNHTL K pa3pabGoTKe aaropHTMa KoMOHHa-
TODHOrO MeToJAa, HEOOXOJHMO PacCMOTPETh BOMPOC MOCTAHOBKH 3a-
Xauu HOpMHPOBAHHs NMPUHUHNOB aeficTBusA. IlpuunHa 3TOrO Ta XK€,
49TO M B CJy4yae NPAKTHYECKOro HCMOJb30BAHHS NapaMeTPHYECKOro
metona. B peasnbHoli npakTHKe B KauecTBe HCXOLHOH HHGOPMAaLHH
HCIOJIb3YIOTCSL HE YCJIOBHA 3afayH, a TEKCT Npo6JeMHOH CHTYalHH
[1, c. 23].

K 3toMy Hamo no6GaBHTb, 4TO B JaHHOM cJydae mpo6JeMHbIe
CHTyaUHH (C TOYKH 3pEHHS HX COJEpPKaHHs) HECKOJIbKO OTJHYAIOT-
cA OT TeX, 4TO paccMaTpHBaJHCb B 3-efl KHHre HBaHHOA cepuH. Hx
CHTyallHOHHAasi 4acTb MpeJCTaBJsieT H3 cebsi ONHCAHHS Cpednl, B
KOTOpOHR JOJKHa (GYHKIHOHHPOBaTh NpPOEKTHpPyeMasi CHCTeMa.
B nmpoGaemHoi#l yacTH yKa3nBaeTcsi (SIBHO HJIH HesIBHO) IleJib, KO-
TOPYI0O HYXHO [JOCTHYb B pe3yJibTaTe BLINOJHEHHS (GYHKIHH STOR
CHCTEeMBl. YKa3aHHble OTJIHYHS B ONMHCAHHH MOAOGHBIX MPOGJEeMHBIX
CHTyallHil Jyylle MOSICHHTb HAa KOHKPETHHIX NMpPHMepax, B KOTODHX
CHTyallHOHHAasl H npob6JjieMHasi YaCTH YeTKO BhIJEJIEHH.

ITPOBJIEMHASI CHTYALIHA 1

(CHTYALHA)

B psage cayuaeB sauHHE 3jaekTponepepau (JISI1) npuxomurcs
pasMeniath B pafioHax, B KOTODHIX BhiMajaer 6oJbLIOE KOJTHYECTBO
ocagkoB (HOXIb, CHer, TyMaH). B XosoaHbIi nepHOx BpeMeHH, KOr-
Ia TeMneparypa OKpy»KawolLlero Bo3ayxa Kosebaercsi okoso 0°C,
NpoBOAa IOCTeneHHO Oo6pacTaloT KOPKOH Jbjlla 3HAYHTEJNbHOH TOJ-
IURHH. B psage cayuaeB Bec Hapoculero JbAa CTOJb BEJIHK, YTO
npoBoja JISIT He BHIAEpKHBAIOT H pBYyTCS.

(IIPOBJIEMA)
Kak npeporBpaTtuth 06pHiB npoBonoB JISIT?

ITPOBJIEMHASA CHTYALIHSA 2

(CHTYALHA)
B HexkoTOpBIX J1a6OPATOPHEIX XHMMHYECKHX TEXHOJIOTHSIX Tpeby-

eTCA OCYIUECTBJATb PEryJHpPOBKY <«MaJbiX» pacxoloB pa3/JHYHBIX
XAAKHX peareHToB. Hcnonb3oBaHHe B 3TOM CJay4yae H3BECTHbIX Me-
XaHHYEeCKHX YCTpOﬁCTB, HanpuMep, KpaHa HWJIH 3aXXHMa, HE MO3BO-
JfieT MOJYYUTb HeoOXOLHMOHK TOYHOCTH peryJHpOBaHHs pacxoja.
{([IPOBJIEMA)
Kak perynupoBaTh pacxol XKHIAKOCTH, €CJHH €ro BeJHYHHA He-
sHauntenbHa (menee 0,1 2/c)?

ITPOBJIEMHASl CHTYALHSA 3

{(CHTYALHA)
INpu npoussoxcTBe Aeranefi u3 TepMomiacTMacchl (OGBI9HO AJIs
STOr0 HCIOJb3yeTcsi cnoco6 JHTbSl NMOA RaBJeHHEM) BO3HHKJIA He-
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O6GXONHMOCTb ONpefeseHHs] MOMEHTa OTBEDJEHHs ee MaTepHala BO
BceM oO6beme. BBuay Toro, 4to B KauecTBe HCXOJHOTO ChIpbsl HC-
MoJIb3yIOTCSI BTOPDHYHLIE OTXOABI, COCTaB KOTOPBIX, KaK H3BECTHO,
HenoCTOSIHEH, TO ONpeJeJUTb 3apaHee, 3a CUYer MPeIBAapPHTENbHBLIX
SKCIEpHMEHTOB, IJHTENbHOCTb Mpolecca OTBEPIAEHHs JHerajeil He-
BO3MOXHO.

H3BecTHO, YTO MpoOleCC OTBEpPAEHHS TEPMOMJAcTMacChl COMPO-
BOXJaeTcs ee ycaakoit (HaGuaiomaerca 3¢dekT 06bEeMHOro cxa-
THAA). DTO, B CBOIO Ouepenb, NPHUBOJHT K POCTY COOTBETCTBYIOLIHX
MEXaHHYeCKHX HanpsKeHHH.

(ITPOBJIEMA)

Kak onpeaesuTb MOMEHT OTBEpAEHHS MaTepHasna JeTajH BO
BceM ee ob6beme?

Hajno oTMeTHTb, 4TO mNepexof OT TeKCTa MNpobseMHOA CH-
TyalHH K YCJOBHAM 3ajaud (OPMHPOBAHHA NPHHUHNA JEeHCTBHSA
fpeacTaBiser U3 ce6s CJIOXKHYIO, ellle He JO KOHIa HCCJIeNOBaHHYIO
3BDHCTHYECKYIO mpouenypy. Ee MOXHO pasjiesHuTh HA pSA OTHOCH-
TeJbHO CAMOCTOSITENIbHBIX Omepanufi, KpaTkoe ONMHCAaHHE KOTOPHX
npuBouTcs Huxke. Kpome Toro, BLIMOJHEHHE YKa3aHHbIX omepa-
uuil compoBoXjaercsi pa3GopoM npHMepa npeoGpas3oBaHHsA mpob-
JeMHofi curyauuH 1 B ofHy H3 BO3MOXHBIX 3anad (OpPMHPOBAHHS
QIDUHIHNOB fAeficTBHsl (CM. a63albl, BHJENEHHHE KYPCHBOM).

1. Onpenenure, Kakylo LeJb Hajo AOCTHYb, UYTOOH Pa3pelIHTh
paccMaTpuBaeMylo npo6JieMHYIO CHTYAaIHIo.

IMoa uenanio 6yaeM NOHUMAaTh JI000€ XKeJaTeJbHOE H3MEHEHHE
a/ieMeHTa cpelbl (pesyJbTaT (YHKUHOHHDOBAHHS NPOEKTHPYeMOH
CHCTEMHI).

O6L1uHO B MOAOOHHIX cjayyasx yaaercss chOpMyJHpOBaTh He Of-
Hy, a HECKOJIbKO LleJIeH.

Hs onucanus npobaiemnoii cutyayuu 1 eudno, uro 918 ee npe-
0001eHUA He0OX00UMO NPUMEHUTb KAKYro-Aubo CucTemy 3aujuTol.
IIpu paspaborke nodobroLx CUCTEM MONHO UOTU O0BYMA NYTAMU:
4ubo YCTPAHATG nepeonputuny, 8e0yuyio K NOABAEHUI0 8pedHo2o
¢akropa, aubo Komnencuposars nocaeodcT8us, K KoTopbim npuso-
Our Odeiicrsue 3tozo ¢paxropa. B Odannom caywae peaasusayus nep-
8020 nodxoda npusodur K HeobxodumocTu paspaborku cnocoba
crudkenus obvema ocadkos 8 patone, 20e pacnosowena JI3II, a
peanusayus 8Topoeo nodxoda — cnocoba yOarenus avda, Hapoc-
wezo na nposodax JIIII.

2. Onpenenure cpefy, B KOTOpOR Oyner (YHKILHOHHPOBATH
fIpOEKTHpY€EMasl CHCTeMa.

ITox cpemoit GyHKUHOHHPOBaHHsl GyleM MOHHMATb TO HJIH HHOE
siBJICHHE, yKa3aHHOe (SIBHO HJIH HESBHO) B CHTYallHOHHOA 4YacTH
apo6aemuoit cutryauun (I1C).
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B o6mem cayuae, ananusupys tekcr I1C, MOXHO mpeasoXHTb
HECKOJIbKO BapHAHTOB CPeAb (YHKIHOHHPOBAHHS MPOEKTHPYeMOR
CHCTEMBI.

B Kauecrse cpedot pyrKYUOHUPOBAHUA NPOEKTUPYEMOL CucTes
MbL MOXNCHO NPedAONHUTb DPA3AUYKbIE TexHu4YecKue u npupodusie
asaenus. OOHako 8 OGHHOM CAYdae BHe KOHKYPEHYUU — nepemens
Houl asrexTpuseckull Tok. On Tewer 8 nposodax JISII e Teuenue
noutu 8cezo nepuoda ee IKCNAYATAYUU U XAPAKTEPUSYETCA 3HAYU-
TeAbHOU 3Hepeuel.

3. Coopmyaupyite QYHKIHIO NPOEKTHPYEMOA CHCTEMH B O6ILe-
TeXHHYECKHX TepMHHaX.

Kak u3BecTHO, (QYHKIHIO NMPOEKTHPYEMOf CHCTEMb MOXKHO OH-
pelesHTh Yepe3 COBOKYNMHOCTb ONHCAHHA LEJH H CpPeiH ee (YyHK-
IHOHHPOBAHHS.

YuuTbiBas, YTO KaXAHH H3 yKa3aHHBIX KOMIIOHEHTOB OOBIYHO
NpeNCcTaBJeH B HECKOJbKHX BapHaHTaX, TO H HCKOMas (QYHKIHR
TaKxke OylAeT HMETb HECKOJbKO BapHaHTOB. Kx uHcI0 paBHO mpo-
H3BeJEHHIO YHCEJ BAaPHAHTOB ONHCAHHSA LeJeH H Cpeibl.

CienoBaTesbHO, AJsS TOrO, YTOGH BHIMOJHHTH AAHHYI0 oOnepa-
IHIO, HAaJl0 H3 MHOXECTBA JOMYyCTHMBIX (YHKUHA BHIOpPaTh OAHY,
Jyudlie BCero Ty, Koropas (NpeAnoJIOXKHTENbHO) HMeeT HaHGojee
NPOCTYIO TEXHHYECKYIO peasH3alHIo.

Ecnun He ynmaercsa HafiTH crporoe Joruueckoe o60CHOBaHHe, MO-
3BOJISIIOILIEE CHEJNATh OAHO3HAUYHLI BHIGOP (YHKUHH MPOEKTHPyeMOMk
CHCTEMBbl, TO NPH BhHIGOpE MOXHO HCXOJHTb H3 KaKHX-THOO HHTYH-
THBHBIX COOOpaXKeHHMA, WJH clenarb ero ciydafiHniM o6pa3oM.

DyHkyus npoexTupyemoll cucremol: yoarexue avda, Hapocuie-
20 Ha nposodax JI3II, 3a cuer ucnoav308anus, npoTeKaroujezo no
HUM 3AEKTPUYECKO20 TOKA.

Bolbop Odannoti ynxyuu o6BACHAETCA Tem, 4TO yoaaurs aed,
Hapocwuil na nposodax JISII, npouje u yesrecoobpasree, 4em CHU-
acare 06vem 0cadxos.

4. ChopMyaupyiite Ha OCHOBAaHHH (QYHKIHH NMPOEKTHPYEMOH CH-
cTeMbl 3aJauy GOpPMHPOBaHHS NPHHLHIOB AEHCTBHS.

JJis BHIMOJIHEHHUS 3TOH ONepalHyd Hafo OMHCATh (YHKIHIO MPo-
eKTHPyeMOil CHCTEMBl B TepPMHHAaX s3blKa ONHCaHHA 3 (dEeKToB
(cM. npuaoxenue 1). ITpousBoas moao6HbIl «mepeBoA», HAKO YUH-
THBaTh Cjejymollee 06CTOATENLCTBO.

Kak nokasniBaloT mpefBapHTEJbHbIE HCCIEJOBaHHA, HCXOAS H3
pesyabTata (YHKIHOHHDPOBAHHA TEXHHYECKHX CHCTEM, BC€ HX MHO-
roo6pa3ue MOXHO DasieJHTb Ha fABa Kaacca: 1) cucremo. eneud-
Hezo U 2) sHYTpenHeeo OelicTeus.

QOyHKUHOHHPOBAHHE CHCTEM, OTHocsAuuXcsa K 1-My Kaaccy, mo-
3BOJIsieT NMPOH3BOJAHTb H3MeHeHHe OAHHX OGBEKTOB BHelIHeA cpe-
Ibl 32 cuer H3MEHeHHS ApYyrux. [IpuMepamMu nMOJOOGHLIX CHCTEM MO-
FyT CAYyXHTb pa3/iHUHBIE TPAHCMOPTHHIE CPEACTBA, CTAHKH, Ja3ep,
3JIeKTpOHarpeBaTesb H T. I
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CucreMbl, OTHOCSIIIMECS KO 2-OMy KJaccy, Hao6OpOT, CaMH H3-
MEHSIOTCA B pe3yJbTaTe AefcTBHS Ha HHX OKpyxamwulei cpean. Ux
NpHMEPaMH MOTYT CJYXKHTb BCEBO3MOXHble H3MEpPHTEJNbHHE CHCTe-
MBI, aKKYMYJSTOPHEl Pa3JHYHBIX THIOB, NAaCCHBHHE 3alIHTHHE YCT-
po#icTBa H T. I

CyTb OTJIHYHi MEX]IYy YKa3aHHHIMH KJIacCaMH TEXHHYECKHX CH-
CTEM XOpOIUO HJIJIIOCTPHPYET cielylolias cxeMa.

Puc. 3.1. yHKINOHHPOBAHHE CHCTEM

BHEIUHEro H BHYTPeHHero AeficTBHsA: CPELA DYHKIHOWHPOBAHHS

0;, 02 — o6BexTH cpean (PYHKUHO-

HHUpOBaHHA; 0’7 — s.nemeﬂ'; ;):%cTe- CUCTENA

MH BHyTpeHHero aeficrBus; [P0, — P

cpeaa (YHKUHOHHDOBaHHA; [,Py8,, _]ﬂL BHELUHEID L4
I;P,0’s — uenb GYHKUMOHHPOBAHHS, LEHCTBHA

COOTBETCTBEHHO CHCTEMH BHeLIHEro
H BHYTPEHHero AefcTBHA.

3adaua ¢opmuposanun

npunyunos delicreus. CPELIA DYHKUHMPOBNHST
HAHO: 1) npoexrupye-
Mas cuctema — npoTusoos- CHCTEMA BHYTPEH -
AedenuTenbHoe YCTPOLcT8o; HETD LELCTBHT
2) cpeda u yearv Qynxyu- L,A8, 728, (&
ORUpOBAHUA npoTusoob.rede- ~ ]

HUTeAbHO20 ycrpoicrsa:
374X 1-—2P2X.

HAHTH: sapuante. npunyuna dedcreus CUCTEeMbl, BbINOAHAIO-
Wed 3a0annyro ynryuro.

30eco 3J4X1 — naruuue nepemennozo 3/eKTpU4ecKo20 TOKG
(74) 8 nposodruxe (X1); 1P2X — ymenouwenue eeca (P2) rsepde-
2o reaa (X).

IIpu nocranoske 3adauu sed paccmarpusaerca xax T8epdoe
reso (X), a nposoda JISII kax ssextpusecxkuld nposodnux (XI).

Kak BuaHO H3 npHBeJEHHOro NpHMepa, NPOUEAYpPa CBeACHHS
npo6JeMHOl CHTyalHH K 3afade (OPMHDOBAHHS NPHHUKNOB Aefi-
CTBHSl [a/IeKO HETPHBHA/IbHA. IDTO CYIIECTBEHHO OCJOXKHSET HC-
noJb30BaHHEe KOMOHHATOPHOrO MeTOoJa Ha MpPaKTHKE.

Ins Toro, 4To6H HECKONBKO OGJErduTh yKa3aHHHA mepexod, B
aJrOPHTM KOMOGHHATOPHOrO METOXA BKJIOYEHH PACCMOTPEHHBIE BHI-
e omepalHH MOCTAaHOBKH 3afayH. Kpome 3TOro, ajroputM KoM-
OGHHAaTOPHOrO METOZA CONEPXKHT PEKOMEH[AlHH, NO3BOJAIOLIHE MO-
CTPOHTb 2paduueckue uastOCTPAYuU HAAKEHHHIX NPHHIHNOB Aefi-
CTBHsl, YTO TaKXe YJydllaeT «3KCIVIyaTaUHOHHLIE» XapaKTEPHCTH-
KH JJaHHOrO MeToja.
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Bo BceM ocTaqbHOM NPHUBOAMMLIA HHXKE aJrOPHTM KOMOGHHa-
TOPHOrO MeTOJla He BBIXOAHT 3a PaMKH G6JIOK-CXeMbl, KOTopasi Gbi-
Jla H3JIOXKeHa BhILIe.

AJITOPUTM KOMBHHATOPHOI'O METOOA

1. Onpenennre BapHAaHTH 1EJNH, TOCTHXKEHHE KOTODPOH MO3BOJIHT
YCTPaHHTb paccMaTpHBaeMyo mpobJjeMy.

PesyabraTr 3anumure B 1-10 cTpoky ¢opMbl 1, uHcmoab3ys auas
STOro O6GLIETEXHHYECKHE TEPMHHBI.

o, 1
BAPHAHTHI ®YHKLHHA
IIPOEKTHPYEMOH CHCTEMUBI
«ll»
... 1 oo n.
«C»
. ... 1 e
N/
N/
7\
VAN
m. « « .« | | e e e e e e e

3nech «Ils, «C» — COOTBETCTBEHHO BapHaHThl LEJH H CpPelHl
$YHKIHOHHDOBAHHSA MNpOeKTHpPyeMo# cucteMn; 1,..,n; 1,..,m—
COOTBETCTBEHHO HOMepa BapHAHTOB LEJIH H CPEeIbl

BMecTo Touek 3amucHBaeTcsi pe3yJbTaT BHIMOJHEHHS OMepalHMH.

A 31ech moa UeJbI0 NOHHMAETCsl XKeJaTeJbHoe H3MEeHeHHe NpH-
poaHoro (TeXHHYecKoro) o6beKTa, YKa3aHHOro (SIBHO HJIH HESBHO)
B TeKcTe NpobJeMHON CHTYallHH.

A Eciau paccmMatpuBaemyio npo6JeMy mOpeamnosaraercss ycrpa-
HHTb 3a CUeT pa3pabOTKH H NMPHUMEHEHHS CHCTEM BHYTpPeHHero jaef-
CTBHS, TO AOMYCKAeTCs CHTyallus, Koria yKasaHHas le/lb OCTaeT-
¢ HeonpeaedeHHO#. B atoM ciydae B 1-10 kaeTky 1-# cTpoku ¢op-

MH 1 sanuchiBaercs 3HaK & (HOJB).

A K CHCTEMAM BHYTPEHHEIro HOEHCTBHA B IIEP-
BYIO OYEPEb OTHOCHATCHA.:

1) Cucrema u3MepeHusi (ammepMeTp, pacxofomep, TE€H30JaTYHK

BT IL).
2) CucTeMH NAacCHBHOR 3alIMTH (TeMJIO3allHTa, MJIAaBKHA mpe-

AOXpaHHTedb, PA3PHIBHOM KJIanaH U T. 1.).
3) CucremMb xpaHeHusi HHpopmauuu (doroanmapar, CHCTEMH
3BYKO3alHCH, 3alIOMHHAlOLIe YCTPOHCTBA H T. I.).
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4) )Am(ymymu-opu (s1exkTpHYeCKHE, MeXaHHYeCKHe, TeMIOBHIE
HT 0).

2. 9npe11emne BapHaHTH cpelb (YHKUHOHHPOBAHHS NPOEKTH-
PyEMOH CHCTEMHI.

Pesynbrar sanmumure B 1-it cron6en ¢opmb 1, Hcnonbays aas
9TOro obLieTeXHHYECKHE TEPMHHBI.

A 31ecb nox cpefoif MOHHMaeTcsi CYIIECTBYIOLIee H3MEHEHHe
CBOHCTB NMPHPOAHOro (TEXHHYECKOro) OGBEKTa, YKa3aHHOro (sBHO
HJIH HESIBHO) B TeKCTe MPOGJEMHOH CHTYallHH.

A Eciu paccmaTpuBaemyio npoGjeMy npeanoJaraercs ycrpa-
HHTb 32 cYyeT pa3pabOTKH H NPHMEHEHHS CHCTEM BHEILHero ReicT-
BHS, TO [OMYCKaercs CHTyallHs, KOrja yKasaHHasi Cpella OCTaeTcs
HeonpejeseHHoi. B stom cayyae B 1-10 kaeTky l-ro crosnbua ¢op-
Mbl | 3anHchiBaeTcs sHak &J (HOJMB).

A K CHCTEMAM BHEIIHErO HOEHCTBHS B IIEPBYIO
OYEPEJIb OTHOCATCHA:

1) Cucrembl nepemelneHuss (aBTOMOGH/b, TpPaHCHIOPTEpP, AOM-
KpaT H T. IL.).

2) Cucrembl 06paGoTKH (TOKapHHEIA CTAaHOK, Mpecc, MPOTHBOOG-
JIelcHUTeJIbHAsl CHCTEMa H T. IL).

3) CucreMnl pasneseHHsi (¢GHALTP, cemapaTop H T. IL).

4) CucremMm peryaupoBaHHs (KpaH, JsaTp, BHKJAOYaTelb H
T, IL.).

5) CucreMmbl aKTHBHOH 3aIUHTH (3J€KTpoCTaTHYeCKas 3alllH-
Ta OT 3apsXKEHHBIX YaCTHI, pacceHBamollas HEATpPOHHas 3allHTa
HT. ).

3. Bribepure H3 ykasaHHbIX B (opMe 1 BapuHaHTOB ¢GyHKUHA
OPOEKTHPYEMON CHCTEMBI Ty, KOTOPYIO (MpEeAMoJIOXKHTENbHO) Hau-
©60Jiee MPOCTO peaJu30BaTh C MOMOLIbIO TEXHHYECKHX CPEICTB.

Pesysbrar 3anumurte B Gopmy 1, moctaBUB B KJETKy, KOTOpas
€OOTBETCTBYeT BHIODAHHOH (PYHKUHH, 3HAK «+».

4, Copmynupyiite ycaoBus 3agaud (pOpMHPOBAHHUS NMPHHIIHIOB
JeicTBHS.

Ins 3TOoro Hajo 3amucaTb B COOTBETCTBYIOLIHe pasjaenbl ¢op-
MB 2 KOMNOHEHTH (YHKUHH NpOEKTHpyeMo#l cucteMul (cM. ¢. 1),
HCIOJIb3Ysl AJs 3TOrO TEPMHHbl SI3bIKa omnHcaHHd 3¢dekToB (cM.
npujoxenue 1).

YCJIOBUS 3AJAYH ®OPMHPOBAHHS
[MPUHIHIIOB OEVICTBHS

JAHO: 1) npoekTHpyeMas cHCTeMa — ... ;
2) cpepa H ueab (pyHKONHOHHDPOBAHHS NPOEKTHPYeMOR CHCTEMH:
l|P|91——>12P292.
6, — ...
02

1

P, ..

HAVITH: BapuanTh npHHEHMNA JAeHCTBHS CHCTEMH, BHIMOJHAIOIYIO 3a-
AAaHHYO (YHKIHIO.
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3mech I;Py0; — xesnaTenbHOE H3MEHEHHE MapaMeTpa OGBLEKTa
(cMm. 1-y10 ctpoky ¢. 1); I1P18, — cymectByiomee (nabiaogaemoe)
H3MeHEeHHe nmapaMeTpoB 00bekToB (cM. l-blii crosben ¢. 1).

BMecTo TOYek 3amMHCHIBAIOT €CTECTBEHHOSI3LIKOBEIE HMEHa MpoeK-
THpPyeMOii cHCTeMbl, 06BEKTOB H MapaMeTpOB.

5. Onpenenure cnoco6 pelieHHs pacCMaTpPUBaeMoji 3afaduH, py-
KOBOJCTBYSICb NPH 3TOM CJIEAYIOLIHMH NpaBHJIaMH.

1) Ecnr ucxomHble JaHHBHIE paccMaTpHBaeMON 3ajauH omnpeje-
JeHH B nosHoM ob6wveme ([\P,0;=—I2P2:0;), TO A/Ns ee pelieHHR
Jydllle HCMOJb30BaTh NPAMOM crnocob.

2) Ecau B HCXOOHBIX JXaHHBIX pacCMaTpHBaeMOf 3agadH He On-
penejeHa KOMIOOHEHTa <«ueab (yHKuuoHupoBaums» (I,P0,——J),
TO MJI €e pemeHHs MOXHO HCIOJb30BaTh TOJBKO MPsiMoii cmocob.

3) Ecan B HCXOZHBIX HaHHHIX paccMaTpHBaeMOR 3ajauH He OIn-
peAesieHa KOMIOHEHTa «cpefa (GyHKUHOHHpPOBaHHA» (J——12P302),
TO 1Jif ee peleHHs MOXKHO HCNOJb30BaTh TOJBLKO OGpaTHHIN cho-
cob.

Pesynbrar 3anuumute B GpopMy 3.

o, 3.

CIIOCOB PEMIEHHA 3AJAYUH —C

3pech C — «npsaMoii» HIH «OGpaTHHIAY.

6. 3axafiTe MakKCHMaJbHO JAOMYyCTHMOE YHCIO 5(dEeKToB B HC-
KOMBIX BapHaHTaX NMPHHIUHNA AEACTBHA.

Pesysabrar 3anumute B Gopmy 4.

O. 4.

JEPEBO IPDEKTDB 1  ®. ba.

7. Onpegenure rpynny ogHO-
NPHYHHHBIX / OMHOCJEACTBEHHHX
3 ¢peKTOB, PYKOBOACTBYACh NDH
3TOM CJEAYIOLIHMH MNpaBHIaMH.

1) Ecam ucnoJsb3yercs nps-
Mofi cmoco6 pemieHHs, TO HCKO-
Myio rpynmy o6pasyior 3ddex-
7/ Thl, NPHYHHBI KOTOPHIX cOBmMana-
7

10T ¢ TeKyluuM 3HayeHHem CPE-
Bl

S-dreg Vo Bl 2) Ecnu wucnosab3yercs 06-

sy paTHHIfi cnoco6 pelleHHs, TO He-
KOMyl0 rpynny o6pasyloT 3¢-
dbekThl, cJeAcTBHE KOTOPHIX CO-
oo BMNaJaloT ¢ TEKYLIHM 3HaueHHEM
LHEJIN.

H T L4 L-PA3
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3) B nmepeom ciayuae uckoMyw rpynny 3¢b¢ekToB BHOHPAIOT H3
ODHIOXKEHHS 2, a BO BTOPOM CJydYae — M3 NPUJIOKEHHS 3.

&. 5b. JEPEBD  SPPEKTOB

Pesyabrar 3anummure B
cootBeTcTBHH ¢ ¢opMofi Sa
(ecan ucnosb3yercs npsAMoi
crnoco6 penieHus1) wiad 5b (ec-
JH HCrmoJb3yercsi o6GpaTHHIR
cnoco6 pemeHus).

3aecy 1, .., i — HOMepa
ypoBHe#i nepeBa 3¢ ¢eKToB:
I,P\6,, I,P0, — cootBerct-
BEHHO cpefa H Ueab GyHKIHO-
HHDPOBaHHS NPOEKTHPYEMOH CH-
creMul; [51P3,0y,, ..., I22P2rO2s, 550 %
wey I31P3103y, ..., I3mP3mOsm,
w. — NPHYHHH H CJAEXCTBHA Wz £-m3
spdexroB; ay, ..., ar, by, ..,
m, ... — HoMepa 3¢ ¢deKToB.

L

A B CJIYYAE HCIIOJIb30BAHHS ITPAMOro CIIOCOBA
PEINIEHHSA.

[Ips nepBoM BHIMOJIHEHHH onepauuH 7 3anojHAOTCS 1-B u 2-f
ypoBHH nepeBa 3ddekroB. [Ipu aTtom tekymee 3nauenne CPEJIBI
‘COBMagaer co cpelod (GYHKUHOHHDOBAaHHS NPOEKTHPYEMOH CHC-
TEMBI.

B nanbrefimem mocnexoBaTtesbHO 3anOJHSAIOTCA 3, 4, ..., i-if ypOB-
HH nepeBa 3ddekroB. [Ipu atom 3a Tekymee sHauenne CPEJIBI
fnooyepeaHo NPHHHMAIOTCA CcJaeACTBHS 3((eKToB, HaAJEHHBIX Ha
npeAbAYLIIMX LIarax pemweHHs 3amaud. Kpome Tex, xoropbie coB-
NajanT ¢ 1eablo PYHKHHOHHPOBAHHS NPOEKTHPYEMON CHCTEMEI.

A B CJIYHYAE HCIIOJIbB3OBAHHS OBPATHOIO CIOCO-
BA PEIIEHHA.

[Ipn mepBOM BLINONIHEHHHM OMepauMH 7 3anojiHsIoTes 1-% u 2-#
ypoBHH nxepeBa 3¢cdekroB. IIpu arom, tekyuee sHauenue LIEJIU
COBMajaer C LeJbl0 (PYHKUHOHHPOBAHHA MNPOEKTHPYEMOH CHCTEMBI.

B gmaabHefimieM mnociefoBaTeNbHO 3amogHsloTed 3, 4, ..., i-f
ypoBHH aepeBa 3¢ ¢dekroB. [Ipu sToM 3a Tekymee 3naueHne ILIEJIHU
nooyepeHO MPHHHMAIOTCS NMPHYHHBI 3¢ deKkToB, HalileHHHX Ha mpe-
IbIAYIIMX Lnarax pewleHus 3afaud. KpoMe tex, KoTophie coBmajga-
10T cO cpegoii (GYHKUHOHHPOBaHHS NpPOEKTHPYEMOH CHCTEMH.

A TIpu pelleHHH HeompejxeJeHHbIX 3aJay HEKOTODbIE BETBH Je-
PeBbEB MOTYT COCTOSITb H3 MeHee ueM i 3¢ ¢dexkToB (cM. m. 4). IT0
CBSI3aHO C T€M, YTO MPHHUHN AEHCTBHsS, yROBJIeTBOpslouiui Tpebo-
BaHHAM COOTBETCTBYIOLIeHi NMpo6aeMHOA CHTyalHH, cGOpMHPOBAH
paHblle, ueM 3TO npexnoJarajnock. IlocseaHss BeplIHHa B M0A06-
HOM Lenu OTMeYaeTcs 3HAYKOM &#*>».
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B Eciu uucio yposuesr B nepese (cM. ®. 5) menbue i, [
[ TO nNOBTOPHTHL omepauu©o 7.

8. Ompenennre rpynnel HOMepoB 3(¢dEKTOB, 06pa3ylolUIHe HC-
KOMble NPHHUHNL aefictBusi. IIpw 3TOM Hazo pYKOBOACTBOBATHLCH
CJeAYIOIHMU NpaBHIaMH.

1) Ecam HcxonaHble HaHHBIE pellaeMOM 3alayd ONpefeseHH B
MOJIHOM 006b€éME, TO HCKOMbi€ TPYNNE HOMEPOB yKa3aHbl BO3JeE pe-
6ep nepeBa 3ddeKTOB, COENHHSIOUIHX NepBylo BepwuHy «I;P,0;»
H BEpIUHHE], BHAA «/2P30,».

2) Ecam ucxonHble faHHBIE peIIaeMOii 3afayH ompejesieHb dac-
THYHO, TO HCKOMBbIE TPYNNH HOMEPOB YKa3aHH BosJje peGep nepesa
3¢ dexKTOB, COeNHHAIOIIHE NEPBYIO BEPLUIHHY C KOHEYHBIMH.

Pesyabrat 3anumure B ¢opmy 6.

HOMEPA 3®®EKTOB, OBPA3YIOIIHE MCKOMBIE IMTPUHLIUIIbE
JEVICTBUS

nm: — ——;

nig2: ———;

.........

3nech I — npunuun aeficteus; 1, 2, ..., & — HOMepa BapuaH-
TOB MPHHIHNA JEeHACTBHS NPOEKTHPYEMOH CHCTEMEl; BMECTO 4YepTo-
9eK 3aMHCHIBAlOTCA HOMepa 3¢ ¢eKkToB, 06pa3yIolIHX COOTBETCTBY-
IolIHe NPHHUMIK JeACTBHS.

B Eciu nepeso adpodekros (cm. @. 5) He comepxkuT HckoMuix [l
[ npHHUHTNOB AEHCTBHS, TO NPH 3afaHHOM i naHHas 3afaya He [}
[ umeer pewenus. Hago nmepeittu nu6o k omepauuu 6, 1160 x [
Il onepaunu 3. [ ]

9. Odopmure pesyabTar pelleHHs 3ajayH, HCKJOYas H3 Hero
MPOTHBOPEYHBLIE MPHHUHNbLI AEACTBHSA.

Ins storo 3anumuTe GOpPMYyJay H CIOBeCHOe OMHCaHHe 3ddek-
TOB (CM. npuioxeHHe 4), o06pasylolIHX NPHHUMNL JeHACTBHA
(I1at, ..., I1), B pasgenn A dopmu 7.

A K NpOTHBODEYHBHIM OTHOCHTCS NMPHHIMN AEHCTBHA:

— cojepxawui ABa 3dpdekra ¢ autepaMu ol u 02 (02, ol),
MeXAy KOTOpeIMH Her 3(dekra (3¢dekroB) c naurepoit [;

— cogepXawui aBa 3ddekra ¢ aurepamu pl u p2 (p2, pl),
MeXJy KOTOPBbIMH HeT APYrux 3¢ ¢ekToB (He mMyTaThb C NMpaBHIAME
OTOX/E€CTBJIEHHS ) ;

— cojepxawuii aBa 3¢pdeKTa ¢ HECOBMECTHMLIMH YCJIOBHSMHA
peanu3aluH, MeXAY KOTOPDHIMH Her 3ddekra (3¢dekroB) c guTe-
poit ; ]

— CcoJepXKalluii ABa NpaBHJA, YCTAHABIMBAIOUHX TOXAECTBEH-
HOCTb Pa3JIHYHBIX OO'bEKTOB, MeXAy KOTOphHIMH HeT 3ddekra (3d-
¢ekroB) ¢ autepoit .
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A Tlpu nocrpoeHnu rpacdHueckoi HJNIOCTPALHH NMPHHIUHNA Aeft-
CTBHSI M3 ONMHCaHui ob6pasymolux ero 3¢deKToB, BbLIAGJASIOT CJaeny-
I1He CBeJEeHHS:

— nepeyeHb, YKa3aHHBIX B HHX 00BEKTOB;

— ¢opMy obbekToB (ecau B dopmyse s¢ddexra XaHHHA mapa-
MeTp He yKas3aH, TO YNOMHHaeMble B Heii OGBEKTH MOTYT HMETh
J06yio dpopmy);

— 3HaYeHHS KOHCTPYKTHBHBLIX MapaMeTpPoB OGBLEKTOB;

— B3aHMHOE pacnojiokeHue oO6bEeKTOB B MPOCTPaHCTBE.

P. 7.

A. K-t BAPUAHT NPUHLIMIIA OEVICTBHUS NMPOEKTHPYEMOH
CHUCTEMbI

.....................

6. TPAOMUECKASl HWJIJIIOCTPALIMSI K-oro BAPHAHTA IIPHH-
LMIA JEVCTBHUY NMPOEKTUPYEMOW CHCTEMBI.

| — (yxasuBaercsi Mf [-rO 3J1eMEHTa).

[l Ecau pemeHne naHHo#i 3agaun Haith He yaanoch uid i
[l o:o He ynoBJjeTBOpsieT Bac, To nepeiitTn K onepauuu 3. [l

PaccMoTpuM Tenmepb OCO6EHHOCTH NPHMEHEHHS 3TOro aJrOpHT-
Ma Ha npHMepax paspelleHHsi MPo6JeMHBIX cHTyauu# 1--3, compo-
BOX/Jasi pesyJbTaThl BHINOJIHEHHS €ro onepanHi HeO6XOAHMLIMHE
NOSICHEHHSIMH.
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IIPHMEP 1.

1. BAPUAHTHI ®YHKUUN ITPOEKTHUPYEMOHMW CHCTE-
MbBbl.

l,_;_m%”‘:g";;ogzﬁ'a: a}:{gc}-] 2 CHuH3uTb 06beM OCajKoB
«C»

1. IlepeMeHHHR 3/€KTpH-
9eCKHA TOK, TeKyUIHAi B +
nposoaax JIAII

2. YCJIOBHS 3A0AYN ®OPMHPOBAHMHY TITPUHLIUIIOB
JENCTBHSI.

OAHO: 1) npoekrupyemas cucreMa — NpPOTHBOOGJIELEHHTEb-
HOe yCTpPOHCTBO;

2) cpena u uenb (GYHKUHOHHPOBAHHS NPOEKTHPYEMOH CHCTe-
Mbl: 3J4X1-—-2P2X

HAVITU: BapuaHTHl NpPHHIMNA AEHCTBHS MNPOEKTHPYEMOH CHC-
TEMBI.

A /4 —cuna mepeMeHHOro 3JIEKTPHYECKOrO TOKAa, TEKYIero B
apoBoaax JISII; X! — nposoaHuk (mpoBox JISII); P2 — Bec Jabaa,
Hapocuiero Ha nposojax JISII; X — tBepmoe Teno (nem, Hapoc-
mui Ha nposoxax JISII).

3. CITIOCOB PEIIEHHA 3AOAYH — npsamo#.
4. i=10.
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5. JIEPEBO 39®®EKTOB

l 3J4X1 |
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5 il

723 § 241 {93 68 709, 777 204
mezﬁ] 9via2, 7] ] [emr mﬂ Ty xY) L nx |[reextor) |e5u6L21)
133, 740. V48,42
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(v ] I.epev |

A 31ecb H galee 3HAKH s b HMEIOT, COOTBETCT-

BEHHO, CJeAYIOHA CMHCH <«nocTpoeHHe aepeBa 3¢¢deKTOB B 3TOM
HampaBJ/leHHH NPHBOAHT K NPOTHBOPEUYHSM», <MNOCTPOEHHE JepeBa
3(¢eKToB B 3TOM HanpaB/JeHHH B JAaHHOM cJydae He NMPHBOXHTCA»,
«B paMKax JaHHOro MaccuBa 3¢ (eKTOB NMoCTpOeHHEe nepeBa B 3TOM

HanpaBJ€HHH HEBO3MOXKHO».

6. HOMEPA 3®®EKTOB, OBPA3YIOHNIME HCKOMDbIE
[TPUHLIMIIBI JEVICTBH I1O: 203, 40, 254, 49, 51, 57, 93, 72.
7. 1-i BAPUAHT INPUHLUMIIA OEVICTBUS IMTPOTHUBOOB-

JIELEHUTEJIbHOI'O YCTPOVICTBA
203. 3J4X1--3U5
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Hanuuue B mpoBognuke (X1) mepeMeHHOro 3JeKTPHYECKOTO TO-
Ka cHJOi J4, MPHBOAHT K NPOSIBJEHHIO NEPEMEHHOr0 MarHHTHOrOo
noas (U5).

40. 3US—~1QI1X2 (X2#U5) (4]

Hanunune nepemennoro maruuthoro noas (U5) mpusomuT K yBe-
JHYEHHIO KOJIHYecTBa Temaa, TMOABOAHUMOr0 K (eppoMarHeTHKy
(QIX2), mpu ycJOBHH, YTO OH HAaXONHMTCA B MAarHHTHOM IoOJe€.
254, 1Q1X2=1Q1V (X2=V) [02]

YBeJsnueHHe KoJHYeCTBa TemJaa MOABOAMMOro K ¢eppoMarHeTH-
Ky (QIX2) MmoxHO paccMaTpuBaTh KaK yBeJHYEHHE KOJIHYECTBA
Tenja, NOABOJHMOrO K HEKOTOPOMY BELIECTBY.

49, 1QIV—>1Q2V (cV=3)

YBesHueHHe KOMHMYECTBA Temsia, NOABOAMMOrO K BEIIECTBY
(Q1V), NpHBOAMT K yBeJNHMYEHHIO OTBOLHMOrO OT HEro KOJHYeCTBa
tenna (Q2V) npu ycloBuu, YTO XapakTepucTHKa rtemaooOMeHa (c)
BEIeCTBa DaBHa J.

5l.  1Q2V'—1Q1V" (V'--V") (4]

YBenHueHHe KOJIHYECTBA TelJsa, OTBOAMMOro OT BewecrBa [
(Q2V’), npHBOAUT K yBEJHYEHHIO KOJHYECTBAa TEIJa, NOXBOXHMOrO
K BemectBy 2 (QIV”), npu yciaoBuH, uto BeulecTBO I KOHTaKTH-
pyeT ¢ BewecTBoM 2.

57. 1Q1V=1Q1X (V=X) [o1]

YBennuenue KosMyectBa TelJsa, IMOABOLMMOrO K BeLIECTBY
(Q1V), moxHO paccMaTpuBaTh KaK yBeJHYEHHE KOJHMYECTBa Tell-
Jla, noABOAUMOro K tBepaomy rteny (QIX), mpu ycnosuH, 4TO Be-
11ECTBO ABJISIETCS TBEPABIM TEJIOM.

03, 1QIX—>2MX (TX=T2X,cX=1I) [0]

VBesuueHHe KOJHUECTBA TelJla MOABOAMMOrO K TBEpPAOMY Tesy
(Q1X) npuBoauT K ymeHslueHuio ero wmaccel (M) mnpu ycuosun,
aro: 1) temneparypa (T) TBepaoro rtejia paBHa TeMmneparype ero
naasnenus (T2); 2) xapakrepHCTHKa TemjooOMeHa TBEpIAOro Tena
(c) paBHa [.

72. 2MX—2P2X (X#UI10

VYMmenbuenue wmaccht (M) TtBepmoro Tesma (X) npuBOAHT K

YMEHbIIEHHIO ero Beca NMPH YCJIOBHH, YTO TBEPJAOE TeJO HaXOLHTCA

B rpaBHTanHoHHoM nose (U10).
B. TPAOHMUYECKAS WJ/IJIOCTPALIUYA 1-ro BAPHMAHTA
MPUHLMIIA OENCTBUS INPOTHMBOOBJIEAEHUTEJBHOTO

YCTPOVCTBA
2 5 T _ d ﬂ* ( I —nposox JIBIL (X1);

2 — nepemeHHOe MarHHT-
Hoe noae (U5); 3 — dep-
poMarHeTHas BTYJIKa
(X2); 4 — nen (X); 5—
- }-/ BOJa, MOSBHBLIASCA B pe-

&_[ g % 3yJbTaTe TasHHA JbAA
#N\2 e — (6]




IIPUMEP 2

Mbl. BAPUAHTHI ®YHKLHK ITPOEKTHPYEMOM CHCTE-
I.

«Ll[»

YBesnuHTh pacxon
XKHAKOCTH

«C»

1%} +

A OueBHIHO, YTO mpouecc peryJHpPOBaHHS XKHAKOCTH MOTpe-
Gyer 3atpar 3Hepruu. OfHaKoO B TeKcTe paccMarpHBaeMOH mnpob-
JIEeMHOH CHTyallHH He COJAEPXHTCS HHKaKHX CBeIEeHHH OTHOCHTE]b-
HO ee BHJa, MO3TOMY B NAHHOM cJyuyae cpefia (pyHKIHOHHPOBAHHS
peryasTopa HeonpexesieHa ().

A Hano ormetuTs, 4TO pe3ynbratoM (YHKIHOHHPOBAHHA MPO-
€KTHPYEMOrO pEeryJsitopa siBJseTcss KaK yBeJHYeHHe, TaK H YMEHb-
ureHne pacxola XHAKoctH. IlosToMmy, Haifigs NPHHUHN JAeACTBHSA
peryasitopa, C INOMOILbIO KOTOPOrO MOXHO YyBeJHUHBAaTb PAacXoX
JKHIKOCTH, HaJ0 MPOBEPHUTb HENb3sl JH C €ro NMOMOIIBI0 06eCneyHThb
TaKXke yMeHbLIEHHe 3TOH XapaKTepHCTHKH. Ec/IH 3TO HEBO3MOXHO,
TO Heo6XOAHMO pelluTb obparHylo 3apauy: .. —2GY. O6benuHe-
HHe pe3yJbTaTOB pEeNIeHHS HCXONHOH H OGpaTHOH 3agayH MO3BO-
JIUT CHOPMHPOBATh HCKOMBIH NPHHIHN JAEHCTBHS.

2. YCJIOBHSY 3AOAUYU ©®OPMUPOBAHHY INPUHIMUIIOB
JEVICTBUS.

IOAHO: 1) nmpoektHpyeMass CHCTeMa — peryJsTop pacxoia
KHIKOCTH;

2) cpema H ueab GyHKHHOHHPOBAHHS MPOEKTHPYEMO# CHCTEMH]
I —1aGY.

HAVITU: sapuaHTh NpHHUHMNA AEHCTBHA NPOEKTHpyeMO#d CHC-
TeMBL,

A G — pacxoxn; Y — XKHIKOCTb.

3. CITIOCOb PEUWIEHUS{ — o6patHbiii.
4. i=15.

A Hcnoabs3zoBanue 3pech HOMepoB 3¢ (eKTOB, 3aKJIIOYEHHBIX B
KpyxkH (Hanpumep, 195), o3Hauaer, uyTo cJenymouas HHXKe
«BeTBb» JlepeBa MOBTOPSETCS B KaKOH-1HG0 Apyro# ero yacTH (cM.
HHXe).

A IlanHoe nepeBo 3GbGexkTOB cOAepXKHT 7 BapHaHTOB MPHHIA-
na jeicTBHs peryasropa pacxoia HAKocTH. [lajsee paccmarph-
BalOTCS TOJbKO T€ M3 HHX, KOTOpble HMeloT HaHboJlee NMPOCTYIo TeX-
HHYECKyI0 peajH3auHio (CM. HHXKe).
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5. JEPEBO 3®®EKTOB
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6. HOMEPA J3®®EKTOB, OBPA3VIOIIHME HCKOMBLIE
NMPHUHLMIIBI OJEVICTBUS
I101: 217, 213, 195, 26, 259, 119.
I1a2: 2, 209, 211, 206, 49, 51, 47, 58, 109, 119.
7. 1-n BAPHAHT INPUHUMUIIA OEVICTBHS PETVJIATOPA

PACXOJA JXUIKOCTH
217. 2LX1->2RX1  [pl]
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YMeHblreHHe HEKOTOpPOro JuHeliHoro pasmepa (L)~ mnpoBonHH-
Ka (XI) npUBOAMT K yMeHBbLIEHHIO ero conpoTHBIeHHs (R).

~ L — pauHa npoBOJHHKA.

213. 2RXI1-1JX1 (KX1>0, 5KX1I)

VYMenbuenne conpotusieHus (R) npoBoaHuka (XI/) npHBOAHT
K yBeJHYEHHIO B HEM CHJBI 3JeKTpHueckoro Toka (/) mpu ycJao-
BHH, uTO: 1) 3neKTpuueckoe Hanpskenue (K) B nmpoBogHHKE 60Jb-
we 0; 2) 3neKTpHYECKOe HampsiKeHHe B NMPOBOJHHKE yMeHbIUaeTcs
HJIH TIOCTOSIHHO.

195. 1JXI1—-1HU3 a1

VBeanuenne cuabl 3jeKTpHuYeckoro toka (J), Tekyluero B mpo-
BoaHuke (X1), NPHBOAMT K yBeJHUYeHHIO HampsixkeHHocTH (M) mar-
gutHOro noasa (U3).

26. IHU3—ILX2 (X2#U3,sX2>2) (4]

VBennuenne HanpsixkenHoctd (H) maruutHoro moas (U3) npa-
BOJHT K yBeJHUeHHIO JHHeliHoro pa3mepa (L) deppomarnernka
(X2) npu ycnoBuu, uto: 1) ¢deppoMarHeTHK HaXOJAHTCS B MarHHT-
HOM no;e; 2) crenenb ¢pukcauuu (s) ¢peppomarsernka GoJiblle HJIH
paBHa 2.

259. ILX2=1LX (X2=X) [02]

VBeauuenne nuHefinoro pasmepa (L) ¢eppomarnernka (X2)
MOXXHO paccMaTpHBAaTb KaK yBeJHuYeHHe JHMHEAHOro pasMepa HeEKO-
toporo TBeporo tena (X).

119. ILX—1GY (Y#X, WY>WX, FX=5,5WY) [pl, O]

VBenuuenne HeKoToporo JuHefiHoro pasmepa (L) TBepmoro Tte-
Jla NPHBOIHMT K yBeduuenuio pacxopa (G) xuaxocru (Y) mpu yc-
n0BuH, uto: 1) TBepaoe Teno — Tpy6ka (FX=5); 2) L — BHyTpeH-
HUH auaMeTp TPYOKH; 3) XKHAKOCTb TeueT BHYTPH TPYOkH; 4) cko-
poctb (W) KHIKOCTH YBEJHUHBA€TCs WJH NMOCTOSIHHA.

B. TPAOUUECKAS W/IJIIOCTPALIMA 1-ro BAPHMAHTA
[IPUHLUIIA OENMCTBUSA PETVJIATOPA PACXOIA J>XHI-
KOCTH

1 — snekrpuueckas leNMb H3 KaTYWKH H pe-
ocrara (XI); 2 — Tpy6ka; 8 — MarHuro-
nposox; 4 — MaruutHoe mone (U3); &5 —
deppomaruuTHas BcraBka (X2); 6 — XHA-
Koctb (Y); J — saekTpuyeckHA TOK; — —
HanpasJieHHe TeYeHHs MXHIKOCTH.

2-5  BAPUAHT IIPHHIHUIIA
JEVICTBUS PETYJIATOPA PAC-
XOOA )XUIOKOCTH
2. 0~3KXI (XI1+S5)

Hannuue 3J1€KTpHYECKOro Hamps-
xennsa (K) B nposopnuke (XI) Ha-
6aiofnaercs NPH TOM YCJIOBHH, 4TO
NPOBOJHHK MOAK/IIOUEH K K1EMMaM HCTOUHHKA 3JeKTpodHepruu (S5).
209. 3KX1-3JX1

Hanuume saexrpuueckoro Hanpsikenusi (K) B mposopnuxe (XI)
NPHBOLHMT K NOSIBJEHHIO B HEM 3JEKTPHUECKOro TOKa CHJof J
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211. 3J/X1-1Q1X1 [0]

Hanuuue B npoBoinuke (X1) anekTpuueckoro ToKa cuioft J

OPUBOAHT K YBEJHYEHHIO NOJABOJMMOrO K HeMy KOJHYECTBa Tenja
QIX1).
206. 1Q1XI1=1Q1V (X1=V) [02]

VBenuuenne KoJHUECTBA Temaa, MNOJBOAMMOrO K HPOBOAHHKY
(Q1X1), mMoXHO paccMaTpHBaTb KaK yBeJHYeHHe KOJHYeCTBa Tel-
Jia, DOABOAHMOro K BewiectBy (QIV).

49. 1Q1V—>1Q2V (cV=3)

VBennuenue KoJMYeCTBAa Temla, IMOJBOAHMOrO K BelleCTBY
(Q1V), npHBOAHT K yBeJHYEHHIO OTBOJHMOIO OT HEro KOJIHYEeCTBa
renaa (Q2V) npH ycJOBHH, YTO XapaKTepHCTHKa Temyoob6MeHa (C)
BElLleCTBa paBHA J.

51. 1Q2V'—1QIV” (V'--V") (4]

VBeJHueHHe KOJHueCTBA Temjaa, OTBOAMMOro oT BemecTBa I
(Q2V’), npuBoAMT K YBeJHYEHHIO KOJNHYECTBA Temla, MOABOAHMOro
K BemectBy 2 (QIV”), npu ycaoBuH, uTo BelecTBO I KOHTakTH-
pyer c BeliecTBOM 2.

47. 1Q1V—ITV (cV=1) [0]

YBeqnueHHe KOJIHYECTBA Temaa, MOABOAHMOrO K BeLIECTBY
(Q1V), mpuBoaHT K yBenHueHHIO ero temnepartypsl (7) mpu ycJo-
BHH, YTO XapaKTEpHCTHKa Tem1ooOMeHa (C) BelecTBa paBHa 1.
58. ITV=ITX (V=X) [o1]

VBenuuenue remnepatypu (T) Bewecrsa (V) MoxHO paccmar-
PHBaTb KaK yBeJHueHHe TeMmnepaTypn TBepjoro Tena (X) npu yc-
JIOBHH, UTO BELIECTBO SIBJISIETCS] TBEPAHM TEJIOM.

109. ITX—~1LX (sX>2)

Veeanwenune temnepatypu (7) tBepioro Tena (X) npHBOAHT K
yBeJMUEHHIO ero JuHefiHoro pasmepa (L) mpu yc/OBHH, 4TO CTe-
neub ¢ukcauuu (s) TBepHoro teja 6oJblle HAHM paBHa 2.

119. ILX—IGY (Y#X, WY>WX, FX=5,5WY) (p1, O]

YBesMueHHe HEKOTOPOro JHHeHHoro pasMepa (L) TtBepmoro Te-
Ja NpHBOJHMT K yBenHueHHio pacxoaa (G) xumkoctu (Y) mpu yc-
JoBuH, uto: 1) TBepmoe teno — Tpy6Ka (FX=5); 2) L — BHyTpeH-
Hufl auaMerp TpPYOKH; 3) XKHIKOCTb Te€YeT BHYTPH TPYOKH; 4) cKo-
poctb (W) XKHAKOCTH yBEJMUHBAE€TCs HJH MOCTOSIHHA.

b. TPAOHUUYECKAY WJ/IJIIOCTPALIUY 2-ro BAPHMAHTA
MNMPUHLUIIA JEVCTBUA PETYJAATOPA XUOKOCTHU

I . .

I — TpybOKa H3 TOKONPOBOJSIIEr0 Ma«
Tepuana *; 2 — xumkoctb (V); 8 —
J peryJsaTop 4acTOTH 3JEKTPHYECKHX HM-
- —x T+ # nyabcoB; J — 3JIeKTpuUUECKHA TOKI
(Oj T\ j —> — HanpaBJileHHe TeYeHHS KHIKO-

) cariaa ) cru [10].

<2

* B jaHHOM cJyyae INpeACTaBJeHa KOHCTPYKIHS, B KOTOPOR NpPOBOAHER
(X1) u tBeppoe Teno (X) oObeAHHEHH B ONMH 3JEMEHT — TPYOKYy H3 TOKCIpPOe
BOASILErO MaTepHaJja.
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A Tlocnensuii mpHHUHD AEHCT-

QAU Y7737
BHS colepXHuT 3derTs 211 u 47, w;ﬂ/mg 2 -
- V4 (o]
KOTOpDbl€ He HMEIOT M[pPOTHBONO ¢\E/7 = L)/

Joxubix. [loaToMy c nomoliubio pe-
ryjasropa, paboTalouiero Ha ero oc-
HOBEe, MOXHO JIHIIb YBeJHYHBATh
pacxon Xuakoctd. Ilns Toro, uToO-
6b1 YMEHbIIHTL 3Ty XapaKTePHCTH- TN 2
Ky HaJi0 Pa3oMKHYTb 3JeKTpHuec- /. 7~\

t

XTI EA 7
X//Aﬂ/«ear//,\?
17POES7EAr !

KYIO Liellb «HCTOYHHK 3JEKTpHuec-

KOTO HanpsikeHHst — Tpy6ka» (cM. ‘L
s¢pdexT 2). DToil meaH KaK pas H [ 14
CHAYXHT DEeryJsTop 4acTOThl 3JeK- ]
TPHYECKHX MMMOYJbCOB. Y BEJHUYH-
Basl 4acTOTy HMIYJbCOB MOXHO
yBeIHYHBATh PACXOX KHIAKOCTH, a L i
yMeHblLiIas ee, — YMEHbIUHTb AaH-
HYIO XapaKTepPHCTHKY >XHIKOCTH.

\
==
IPHMEP 3

Mbll' BAPHWAHTBl ®YHKUHWW TNPOEKTUPYEMOM CHCTE-

«l]»
g
«C»
YBequueHHe B TepMO- +
njacTMacce MeXaHHYecKo-
ro HampsKeHHs

A OueBHaHO, 4TO ycTpaHeHue npo6JeMHOR cHTyauuu 3 mpeg-
mojlaraer HCHOJIb30BaHHE HEKOTOPOH H3MEpPHTEJNbHOH CHCTEMH,
B mopo6GHBIX cayyasix B YCJNOBHSIX 3a4adyd B KauecTBe <«CpeiH
(yHKIHOHHPOBaHUsA» BbIOHpaeTcss H3MepsieMblli (akTOop — npsMol
HJIH KOCBeHHBIH., 31ech mnpeasaraercs H3MepsTb CKOPOCTb pOCTa
MexXaHHYeCKOro HampsixkeHus B o6beMe TepMONJacTMacchl, YTO MNO-
3BOJIMT CYAHTb O npoueccax ee orBepiaeHus. IIpum 3ToM niacrMae-
ca paccMaTpHBaeTcsl KaK HEKOTOpoe TBEpAOe TeJo.

A Tlpu GOpMHPOBAaHHH NPHHIHMINOB [AEHCTBHSA H3MEPUTEJbHHX
CHCTEM B KauecTBe «leJH (QYHKIHOHHPOBAaHHSI» BHIOHpaercs TOT
(takTOp, Ha OCHOBAaHHH KOTOPOro mpejJjaraercd CyAuTb 00 Hcciae-
ayemoMm mpouecce. O6bluHO, ero BhIGOp onpejensercs TpeGOBaHHA-
MH NpelbsABIsSeMHMH K (GopMe KoHeuHoro curHana. Hampumep,
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Ha BBbIXOJE H3MEpPHTENbLbHOH CHCTeMBl HEOOXOJHMO MOJYUYHTb 3JIEKT-
puueckuii curiaj. Kpome 3toro Ha BhHIGOp YyKasaHHOro ¢akropa
B/IMseT NepeueHb pa3pelleHHbX K NPHMEHEHHI0 KOHEUHBIX npubo-
poOB, HaNpHMep, aMnepMeTp, MarHUTOMeTp, TepMoMeTp u T. n. Kor-
la yKa3aHHble OrpaHHYEeHHsI OTCYTCTBYIOT HJIH HX ONpeJeJieHHe 3a-
TPYAHEHO, TO B MCXOAHBIX JAaHHHIX 3ajayd (OPMHPOBAHHS MpPHH-
UHNOB AefCTBHS H3MEPHTEJbHbBIX CHCTEM «ILeJb (GYyHKIHOHHPOBA-
HHSI» MOXKET OCTaTbCs HeolpejeseHHOH.

2. YCJIOBUA 3A0A4YHU ®OPMHUPOBAHUHY TTPHUHIIUIIOB
OEVCTBUSI.

JOAHO: 1) npoektupyemas cucreMa — yCTPOHCTBO (HKCHPOBaA-
HHSI MOMEHTa OTBepJeHHS H3[eJHH H3 TEePMONJIaCTMAaccCHl;

2) cpena u ueab GYHKIHOHHPOBAHHS NMPOEKTHPYEMOH CHCTEMBI:
1E2X——.

HAVITU: BapuaHThl NpHHUHUNA [IeACTBHS NPOEKTHPYEMOH CHC-
TEMBL.

A E2 — (mexanuueckoe) HanpsiKeHue cxartus; X — HEKOTO-

poe TBepoe TeJo.
3. CITOCOB PEHIEHHY 3AJAYHN — npsamoi.

4. i=10.
5. JEPEBO 3®<®EKTOB
7£2X [02]"
85 113
4#x(0]] [ 7€2% [D]
>
733 740
[1&2z10v= 29101 1E2z40=28)lo1]
<65 .l 2| 2694
[ 7przrror] [ swx1i3]] [oaxalo] ] [222x2(0] ]
288 209 253 Perid
[omerngrzr) [ 30x7 | [owsimi ]| [ 2L3s2.27]
226 oomar |23 304
kX7 | eon102,2) | | 2vase
203 227 302
| ﬁl»Cl 2 N7
£r3 _’I‘

10X7
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A " HcrnonbsoBanHe B QaHHOM ciyuae JHTepbl 02 O3Hauaer,
4T0 06beKT X Heno60#, a HekoTopwii. Ecau 6n npHMeHsJica 06-
PaTHBIA cnoco6 pelleHHs 3afauH, TO BMECTO JHTepH 02 Halo GHUIO
3anucarb Jurepy ol.

A [lepeBo 30dexToB comepKHMT 4 npuHUHNA gHeficTBHA. Bce
OHH MDPEANOJaraloT BK/IIOYEHHE B TEPMOIJIACTMAcCy YyBCTBHTEJb-
HBIX 3JIEMEHTOB H3MepHTeNbHOH cucreMbl. Jlallee paccmaTpHBalOT-
Csl TOMbKO Te NPHHIMMNBI AeHACTBHS, KOTOPbIE NMO3BOMSIOT NMPOBOLHTD
NPOLECC H3MEPeHHs Ge3 HeNmoCPeJCTBEHHOTO KOHTAKTAa MEXAY YKa-
3aHHbIMM 3/IEMEHTAMH M OCHOBHOH YaCTbi0 H3MEpPHTENbHOH CHC-
TEMBI.

6. HOMEPA 3®®EKTOB, OBPA3VYIOUIUE UHCKOMBIE
MNPUHLUAIIBI JENCTBUA

ITO1: 113, 132, 271, 253, 23, 227, 212.

I142: 113, 132, 269, 277, 304, 302.

7. 1-i BAPUAHT NPUHUUIIA OENCTBUSA YCTPOMCT-
BA ®MKCALIMKM MOMEHTA OTBEPJOEHWS U3INEJJUN U3
TEPMOIIJIACTMACCHI
113. 1E2X'—>1E2X" (X'--X",sX'=1,sX"=1)

¥YBenuuenne nanpskenus cxartus (E2) B tBepmom Tene 1 (X')
NPUBOAMT K YBEJIHUEHHIO HANpPSXKEeHHs1 CXKaTHs TBepAoro rteja 2
(X”) npu ycnosuu, uto: 1) TBepmOe Teno I KOHTAKTHpyeT C TBep-
AbIM TesioM 2; 2) creneHb (HKcauuu (s) tBepaoro tena I u 2 pas-
Ha I.

132. 1E2X=1E2X2 (X=X2) [o1]

YBenuuenne HanpsokeHus cxkatusi (E2) B TtBepmoM tene (X)
MOXHO paccMaTpHBaTh KaK YBeJHYEHHE HAaNpPSAXKEHHs CXKaTHA B
deppomarneruke (X2) npu ycJOBHH, YTO TBEpJAO€ TeJO SIBJASETCHA
(eppoMarHeTHKOM.

271. 1E2X2—-2AX2 (0]

YBenuuenue Hanpsikenusi cxkarusa (E2) cdeppomarneruka (X2)
NPUBOAHT K YMEHbLIEHHIO ero HaMarHuuenHoctu (A).

253. 2AX2--2HUS3

YmenblueHue HamarHuueHHocTH (A) ¢eppomarneruka (X2)
NPHUBOAHT K YMEHbLIEHHIO HanpsxKeHHOCTH (H) MmarHuTHOro noJas

U3).
53. : 2HU3—2D1X1 (X1#U3) [02, O]

YMenblienue HanpsikeHHoct (H) marnutsoro moss (U3) npu-
BOJHT K yMEHBUIEHHIO yjeJbHOro compoTtuBieHus (DI) HekoTopo-
ro nposogHHkKa (X1)~ npu YCJIOBHH, YTO OH HAaXOAMTCA B MAarHHT-
HOM moJie *,

~ HaunGosee cunpbHO naHHWA 3¢ ¢deKkT NposiBNseTcss y BHCMYTA, KPEMHHS H
repMaHusi.

* Yroan Mexpay BEeKTODOM HANpSXKEHHOCTH MarHHUTHOroO Mnojs H HanpaBJeHH-
€M H3MEepeHHs YAEJbHOro CONMPOTHBJEHHS He paBeH 0.

227. 2D1XI1-2RX1
YMenbluienue yaeabHoro comporuBiaeHus (DI) npoBoxHHK2
(X1) nmpHBOAMT K YMEHBUIEHHIO €ro 3JEeKTPHYECKOro CONpOTHBJE-

Hus (R).
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213. 2RXI1->1JX1 (KX1>0, 5KXI)

YMmenbienre comporuBiaenuss (R) npooasuka (X1) mpHBOAHT
K YBEJWUEHHIO B HEM CHJbI 3JeKTpHuecKoro Toka (/) mpu yciosuH,
aro: 1) saekrpuueckoe nanpsikenne (K) B nmpoBojHHKe Gosblie 0;
2) sJeKTpHUECKOe HampsiXKeHHe B NPOBOAHHKE YBENHUHBACTCA HJIH

OOCTOSIHHO.
B. TPAGUUYECKAS HJJIIOCTPALMS 1-ro BAPHMAHTA

MPUHIIMIIA OEFCTBUSI YCTPOWMICTBA ®UKCAIIMH MO-
MEHTA OTBEPJEHUS U3AEJUN W3 TEPMOILIACT-

MACCHI

1 — wu3menue M3 mjactMaceH, 2 —
repmonnactmacca (X’), 3 — deppo-
MariuTHee vacTHuw (X2), 4 — wmar-
gutHoe mose (U83), 5 — aaekrpuyec-
goe conporuBjeHue (X1), 6 — ammep-
merp, /] — 3JEKTPHYECKHA TOK.

9-i BAPUAHT TNPUHLIM-
A JIEMCTBHSI YCTPOFICT-
BA ©®HUKCALIMM MOMEHTA
OTBEPJEHMS  U3JEJUM
W3 TEPMOIIJIACTMACCHI

113. 1E2X'—~1E2X" (X'--X",

sX'=1,sX"=1)  [[]

YBeanuenne Hanpsxenuss cxkarus (E2) B tBepmom Ttene [
(X’) npHBOAMT K YBeJIHUEHHIO HAMpSXKEHHs] CHKaTHS TBEPAOro Tejla
2 (X”) npu ycnoBuu, uto: 1) TBepaoe teno I KOHTaKTHPYET C TBep-
nuMI teqom 2; 2) creneHb ¢ukcauuu (s) tBepaoro tena I u 2 pas-
Ha 1.

132. 1E2X=1E2X2 (X=X2) [o1]

VBeanuenue nanpsxkenus cxkatusa (E2) B teepmom Tene (X)
MOXHO pacCMaTPHBaThb KaK YBeJHYEHHE HAMNPsIKEHHs CXKaTHSA B
teppomarsetuke (X2) mpu ycJOBHH, 4YTO TBepAOe TENO ABJAsSETCA
(peppOMarHeTHKOM.

269. 1E2X2—2D2X2 [0]

VBenuuenne HanpsxkeHus cxarus (E2) B ¢eppomarHernke
2}0(‘22)) NPHBOAMT K YMEHBbIIEHHIO €ero MAarHHTHOH NPOHHIIA€MOCTH
277. 2D2X2—2L3S2 (X2+S2) P24

VMenpmenue MarguTHo#l mponunaemoctd (D2) deppoMarnerH-
Ka (X2) npHBOAMT K yMeHbLIeHHIO HHAYKTHBHOCTH (L3) conenom-
Aa (S2) npu yciaoBuH, 9TO GEPPOMArHeTHK SBJAETCS CEpAEYHHKOM
COJIEHOHJ1 .

304. 2L3S2—>2R5S2

Vmenbuienne uuayktuBHoctH (L3) conenouna (S2) npusoant
K YMEHbIIEHHIO ero HHAYKTHBHOrO comnpotusienus (RS).

302. 2R5S52—1J4S2 (K6S2>0, 5K6S2)

VMeHblueHHe HHAYKTHBHOrO compotuBieHHsi (R5) conenonna
(S2) npHBOAHT K YBEJHYEHHIO B HEM NEPEMEHHOro 3JeKTPHYeCKo-
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ro toka (/4) npu ycaoBuH, uto: 1) mpuJIOXKEHHOE K COJIEHOHAY Ie-

pemenHoe Hanpsikenue (K6) Gosnbuie 0; 2) npujaoxkeHHOe K coJje-

HOHJY NepeMeHHOe HaNpsiKeHHe YBeJHYHBAETCS MJH IOCTOSHHO.
b. TPAOUYECKAY WJ/IJIIOCTPALIUA 2-ro BAPHMAHTA

MPUHIUIIA OEVNCTBUA YCTPOMCTBA O®HMKCALIMHU MO-

I(\:'XIID:“.HTA OTBEPIAEHHUA HU3OAEJ/JIHUN U3 TEPMOIIJIACTMAC-
|

1 — u3nenue U3 TEPMOIIACTMACCH, 2 —
repmonaacrMacca (X’), 3 — deppo-
MarfuTHee dactunu (X2), 4 — coae-
woun (S2), 5§ — awmmepmerp, J4 —
mepeMeHHHH 3JIeKTPHYECKHA TOK.

A VI3 onucaHus HaHaeHHBbIX
APHHIKNOB JAefCTBHS CJeAyerT,
gto tepMomaacrMacca (X’) moa-
JKHAa HaXOLHUTbCSI B KOHTaKTe
¢ ¢eppomarnerukoM (X2), npu
9TOM INOCJeJHHH [O0JXKeH ObITh
XKecTKo ¢ukcupoBaH (sX2=1).
JlaHHbEe YCJOBHS BBINOJIHSIOTCSA
B TOM cJyuae, ecaH ¢eppomarte-
THK HaXOAHTCS BHYTPH HeTajH.
YuuteiBass TO, YTO paccMaTpuBae-
MOe H3JlejiHe H3rOTaBJIHBaeTCs Me-
TOJOM JIHThS, Jyulle HCNOJb30BaTh
(eppoMarHuTHbIA NMOPOLIOK, KOTO-
pelii paBHOMepHO Jo06aBJjisieTcs B
pacnaasjeHHylo naactmaccy. Kpo-
Me 3TOro, AJis peanusanuu l-ro Ba-
pHAHTa, TOJABKO 4YTO CHOPMHPOBAH-
Hyl0 neTajb HeoOXOJHMO HaMarHu-
THTb, TaK Kak (eppoMarHuTHHIA
NOpOLIOK He HMeeT COGCTBEHHOrO
MAarHHTHOTO NOJIS.

[Tocne BKJIOUEHHs MNOJOGHBIX
no6aBOK  mpouecc  OTBepAEHHS
NJ1aCTMAacChl  CONPOBOXK/JAeTcsl H3- g
MeHeHHeM <CBOHCTB (eppoMarHuT-
Horo nopotika (24X2, 2D2X2). 3a-
BeplleHHe 3THX NpoleccoB Oyner
CBHJETEJbCTBOBATbh O TOM, 4TO T€p- =
MomjacTMacca OTBepAesa BO BCeEM
o6neMe.

* * *

3aBepUIHT 3Ty rJaaBy noa6opka yueOHBIX NPo6JeMHBIX CHTya-
nuft *. [lonpoby#ite ycTpaHHTb HX C NOMOIIBIO KOMGHHATOPHOrO

* Ilpo6semuune curyauun 8--10, 12 paspaboTaHH aBTOPOM KHHIH.
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MeToJa. 3TO NMOMOXET BaM NpPHOGPEeCTH HavajabHHE HaBBIKH npH-
MeHeHHs JaHHOrO MeTOJa B HHXXEHEPHOM jeJe.

ITPOBJIEMHAA CHTYALIHA 4

HMaMepenne CBepXBBLICOKHX HaNpsKeHHA M TOKOB B IPOBOLHH-
Kax, HaXOMsdIIHXCA NOJ 3THM HaNpsi)KeHHeM, NpejcTaBjser co6oi
CJIOXKHYIO TEXHHUYECKYI0 3ajady. Eciu pemarts ee TpaaHIHOHHBIMH
€noco6aMu, TO MPHUIJIOCH OBl COOPYXKAaTb KOHCTPYKIHH, HMeIOLHe
H30J/IIUHI0 HA MOJHOE HamnpsiKeHHe; TaKue 3TaXEePKH H3 H30JATO-
poB Morau Obl gocturath BbicoThl 10—12 m. TpeGyercs HaliTn
NPOCTOH, MNElIeBLIi M TOYHBIA CHOCOG H3MEPEHHS CBEPXBBICOKHX
Tokos [10, c. 110].

Paccmorpure 3Ty npoGiemy oTAesbHO AJst ciydas nepeMeHHO-
ro M NMOCTOSIHHOTO TOKa.

IIPOBJIEMHAA CHTYALIHA 5

B MaccHBHOM MeTaJ/IHYeCKOM Kopmy-
ce I npubopa HMeeTCsI OTBEPCTHE, B KOTO-
poe 3ampeccoBaH cTrajbHON wwapuk 2. Ile-
PHONHYECKH ero MNPHXOIHUTCA H3BJIEKaTh, —7
OJHAKO CAeJaTbh 3TO TPYAHO, TaK Kak lua-
PHK 3anpeccoBaH NJOTHO. Pa36opHue KOH-
CTPYKUHMH B JaHHOM cCjydae HeJONYCTHMBI.
Kak 6niTe? [10, c. 101].

IIPOBJIEMHASl CHTYALIHA 6

1 — wMacno, 2 — OTAeJbHHE CTajbHHeE
9acTHUH, 3 — «y6a» M3 CTAJbHEX yac- S
THL, 4 — KoJjbleBOfi Maruur, 5 — Tpy6- N
Ka.

B HeKOTOpHIX CHCTEMax CMa3KH N
IJISl OYHCTKH IOTOKAa Macja OT To- J
najalolux B HEro 4acTHI[ CTajH
HCMONb3YIOT MAarHHTHBHIE (HJBTPHI.

Pa6oraer nomoGHblfi GuabTp cieayiomwum o6pasom. Macno, co-
Jepxallee CTaJbHbIE YaCTHIb, NPOKauyHBaeTCs uepe3 KOJIbLEBOM
marHuT. [lox meficTBHEM MAarHMUTHOrO MOJS, YaCTHUb «IPHJIHNAIOT»
K yd4acTKy TpYOKH, Haxojslue#ics BHYTPH MarHuTa, ob6pasys TeM
caMbIM cBoeoOpasHyio «Metajinyeckyio mwy6y». [lo mMepe ee pocra
YHCJIO YaCTHI, «NepeXBayeHHBIX» MAarHUTHBIM IOJIEM, YMEHbIIAeTcs,
a YHCJIO0 OTPHIBAIOILHXCSA OT «WYOh» — yBenuuuBaercsd. Ilosatomy
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gepe3 HEKOTOpoe BpeMsl 3TH NpoLecChH NPHXOASAT B AHHAMHYECKOe
paBHOBeCHe H (QHJBTDP MepecTaeT «3aJepXHBaTh» CTaJbHbIE YaC-
ThiH. Ilociie aToro Hajgo BBHIKJIIOYATb CHCTEMY CMAasKH H YAAdsATh
CKOMUBLIKHACA Mycop. $ICHO, 4TO AJS BBHINOJHEHHS NAHHOH omnepa-
UHH HaJo CHayajla ONpeie/HTb MOMEHT, KOTfa CKOMHJAaChb «KPHTH-
YyecKasi» Macca 4acCTHl, NPH KOTOPOH nanbHefimass pa6ora ¢uib-
Tpa Hemomyctuma. Kak 3To caenartn?

IIPOBJIEMHASl CHTYALIHA 7

Hmeercs TpyGonpoBoa, B KoTOpoM aBHXKeTcs ras. Muorga tem-
fiepaTypa rasa HeKOHTPOJHpPyeMO MeHsieTcsl (moBhilIaeTcss Ha 20--
30°C). C noBblLIeHHEM TeMNEPaTypbl yMEHbLIAeTCS ero IJIOTHOCTb,
H, KaK CIeACTBHe, Majaer Mmacca rasa, NpOXOJsLIero uepes Tpy-
6y B enuHuuy BpeMmeHH. HaubGosee npocroit cnoco6 craGu/H3amHH
pacxoma rasa — YCTaHOBHTb B TPYOONpOBOJE pEryJHpPyeMylo 3a-
cnonKy. Ilpemnoxure ycrpoficTBo, mo3BoJsiollee B AAaHHBLIX YCJO-
BHAX H3MEHATb MNOJIOXKEHHE 3aC/IOHKH NPH H3MEHEHHH TeMIeparty-
pol rasa [11, c. 12].

ITPOBJIEMHASI CHTYALIHA 8

IIpn npoBepeHun wuccregoBaHHs oGpasuma MmarepHalna, HampH-
Mep, KOHCTPYKLMOHHOH CTaJH Ha CTOHKOCTb HEATPOHHOMY o006Jy-
YeHH10, He0oOXOAHMO 3HaTb, KaKyl0 3HEpPruHi0 OH INorJouiaer B yc-
TAHOBJIEHHBII nepuojy BpeMmeHH. HMcnoab3oBanue B 3TOM cjayuae
6anaHCHOTO METOJa «3HEeprHsi HCTOUHHKa» — «3Heprus npollejue-
ro yepe3 o6pasel» He MO3BOJISIET MOJYYHTb HEOOXOAMMOH TOUYHOCTH
u3Mmepenus. Kak GbITh?

A YuutbiBasg 0COGEHHOCTH NpPOBeNEHHS yKa3aHHBIX HCCJeJ0oBa-
HHH, XKejaTeJbHO, 4TOOBL Ha BBHIXOAe pa3pabaTbiBaeMOii H3MepH-
TeJIbHOH CHCTEMBbI OblJ1 3JIEeKTPHUECKHH CHrHAJ.

IIPOBJIEMHASA CHTYALIHA 9

Ha nepBbifi B3risig Kaxercs, 4TO OnpeJe/ieHHe Beca TBEPAOro
TeJa He MOJXKHO BBHI3BIBaTh GOJBLINX TpyjaHOocTedl. B Hacrodiuee
BpeMsl H3BECTHbHl BeChbl CaMHX pPa3JIHUHBIX KOHCTPYKUHH C LIHPO-
KHM [AHana3oHoM xapakrepucTHK. ORXHAKO NMpOH3BEeCTH B3BeLIHBA-
HHE MHKPOCKOMHMYECKHX YaCTHL BellleCTBa (THICAYHBIE AOJH MHJ-
JurpaMma) — faxe IpDH COBPeMeHHOM YDOBHe TEXHHKH He TakK
npocro.

Heo6xoxuMo HaliTH BapHaHTH NpPHHUMNA JAeHCTBHS MHKpOBe-
COB.

NPOBJEMHASA CHTYALHA 10

OnHo u3 TpeGOBaHHMH, NpelbsBIseMOe K BeJlOTpeHaxkepy AJs
CIOPTCMEHOB COCTOMT B HEOGXONHMOCTH MEHATb MO 3aJ]aHHOH Mpo-
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rpaMMe TOPMO3HOi MOMEHT Ha ero BaJy. B Hacrosiuee Bpems aasa
9THX HeJsefi O6LIYHO HEMOJb3YIOT YCTPOHCTBO peryJjupyioulee CHIY
HATAXEHHS MeTa/l/IHYeCKOH JIeHThl, KOTOpasl, B 3TOM CJyuae, Bhi-
HOOJIHSIET POJIb TOPMO3HOH KOJIOJAKH.

7 -
N ——
\7
|
1—Ban Tpenaxepa, 2— MeTalauyecKas JleHTa, 3 — peryJasaTop HaTsKe-

HHSl JIEHTHI.

IIpensoxure yCTPOHCTBO, peryJaupylollee TOPMO3HOH MOMEHT
Ha Ba/ly TpeHaxepa, paboTaioliee Ha JPYrHX — «HEMeXaHHUYECKHX»
NpUHIHNAX.

INPOBJIEMHAA CHTYALIHA 11

IIpu npoBeaeHHH NMPO(HIAKTHIECKOrO PEMOHTa KOMGaHHOB Of-
HOM M3 YaCTONOBTOPSIOLIHXCS OMepauuil sBJAseTCS 3aMeHa CMasKp
1 B nopmunHuKax 2.

3To BHI3BAHO TeM, 4TO NpH paboTe KOM-
GaliHa, HaXoAfl1ascsd B MOJIIHNHHKAX CMa3Ka
YaCTHYHO BbiTeKaeT M 3acopsiercsi. Ilostomy,
NepHOJHYECKH NPHXOAHTCS NPOBOAHTbL HX MPO-
GbHUIaKTHYECKHA DEMOHT: CHATb NMOJAIIHNHHK C
KkoMO6aiiHa, BbIHYyTb H3 Hero (XoTs OB OJHH)
BKJaABII 3, TPOMBITb, 3alpaBHThb HOBYIO
CcMa3Ky, mocJe Yero NMOCTaBHTh BKJAaJHII Ha
mecto. HaHnbosiee «HeynoOHOH» omnepauueii B
3TOH TEXHOJIOTHH fBJISI€TCS H3BJeuUeHHe BKJa-
nbima. O6GBIYHO ero NMpoCTO BHIKOBBIPHBAIOT C
NOMOILBI0 KaKoro-nubo OCTporo npeamera,
HanpuMep, oTBepTKH. IIpu 3TOM OueHb yacro
BKJIAJBI JOMaeTCss, a 3aMeHHTb ero OO6BIYHO

-pH-3 HeueM.
- | [TpenJioxure cnoco6 H3BJEYEHHS BKJaJH-
A 1a M3 HOAWHIHHKA. KOTODBHIA MOXHO ObLIO
Obl MPHMEHHTb B YCJOBHAX CeJlbX03MacTep-

CKO#.

62



IIPOBJIEMHASI CHTYALIHA 12

B rugpaBinyecKHX mpeccax B KauecTBe aKKyMyJiiTOpa 3HEPrHH
#cnob3yercss 6anjoH I, 3aNOJHEHHBIH ra3oM 2 HOA BLICOKHM HaB-

JeHueM M paGoueji KHAKOCTbIO 3 (0OBIYHO 3TO MacJjo).
B TeueHHe oJHOroO ILHKJA pa-

60Tl mpecca Macao H3 G6Gaka
CHayaja nojaeTrcs B THIPAaBJH-
YyeCKyl0 CHCTEMYy, a 3aTeM Hnepe-
KayuBaeTcsi Ha3ajn B 6Gak. Ilpm
3TOM, HEKOTOpasi 4acTh MacJa
H3-32 BCEBO3MOXKHBLIX NpOTEYEK
6e3Bo3BpaTHO Tepsercd. Caemo-
BaTesJbHO, B npolecce paboTH
npecca KoJH4ecTBO MacJja B 6a-
Ke yMeHbllaeTcsd. Tak Kak mo-
TEepH MacJja 3a OJHH IHKJ HeBe-
JIUKH, TO 3KCHJAYyaTalHs mnpecca
MOXKET NpPOJOJIXKAThCSH AJHTEJNb-
HBlH nepHoJ — [0 TeX NOp AOKa

(]
"
]

L

T //_/

KOJIYeCTBO Mac/a B GaKke He YMEHBUIHTCS 10 HEKOTOPOH Mpeaeib-
#oii Beauunnbl. Ilocse 3toro paGora nmpecca fOMXKHA GHTH npe-
KpalleHa.

Kak onpenenutb KojauuecTBO Macia B repMETHYHOM COCYAe,
TOJIIHHA GTEHOK KOTOpOoro gocturaer 10 cm?



3AKJIOYEHHE

B xonye 3rtoii Krueu xoreaoce 6blL OCTAKOBUTHLCA Ha nepcnexkruse pas-
8uTUA KOMOUHATOPHO2O meToda.

Ouesudno, 4ro agpexrusnocts npedaazaemozo meroda 8 nepsyro o4e-
pedv 3asucur or uucaa 3Pgexros, obpasyroujux ezo 6a3y 3nanul. Yem ux
6oabwe, Tem 60see WUPOKWE Kpye NPAKTUYECKUX 3a0a¥ MOJNCHO peuuTs ¢ exo
nomowysio. ITpu srom xaxcdoe u3 nalddennsix pewenuli 6yder codepscars 60-
Aee WUPOKUL CNeKTp BapUAHTO8 UCKOMO20 npunyuna OelicTeus.

Hado ormerurs, 4TO npu HaIuU4UU KHEAQHUA HUTATENb MOMET CAMOCTOR-
TEAbHO NPOJOANUTSG pA36UTUE NPeOAONEHHO20 30ect maccusa 3pgekros; &
OaHHOU KHU2e UMEIOTCA 8Ce Heo6xo0umsble OAR 3T020 CB8eOeHUA.

O0Hako, 3TOT nYTb COBEPUIEHCTBOBANUA KOMOUNATOPHO20 MeToda 8 pam-
Kax npedioxcenHOl Konyenyuu umeer ecrecrsennoe oepanudenue. ITo mepe
pocta e2o 6as3sl 3HAHUL 3PPEeKTUBHOCTL UCNOAL3OBAHUA €PYYHOZO0» AN20PUT-
ma opmuposanus npunyunos oOeicreus cruscaerca. Kax nokaseisaror nped-
8apurenshole UCCACO0BANUA Yie NPU MAHURYAUDOBAHUU MACCUBOM, COOepita-
wum ececo 1000 3pppexros, noaywaerca cTosb paseeTsieHHOe OepeBo, 4TO Y
4eA08eKa e20 AHAAU3 BbI3bIBALT ABHOe 3arpylnenue. Yuureisas, 4ro 6asa
3HAHUS KOMOUHATOPHOZO METO0Q MOXET COCTOATb U3 0ecATKO8, 4 B03MONHO
u coren toicat 3HHeKTo8, TO HETPYOHO npuiru K 861800y O He06X0OUMOCTU
ABTOMATU3AUUL NPOYECCa HOPMUPOBAHUA NPUKYUNOS OelCT8uUA.

B astom nanpasaenuu yoce celuac noayuenst obnadexcusarouyue pe3yas-
Tarsl — pazpaborana 3xkcneprnas cucrema [TPHHIHII JEHCTBHA. Ona
nomozaer noAb308aTeA0 CHOPMYAUPOBATL YCAOBUA NOUCKOSOH 3adays u 4e-
pes HexkoTOpoe 8pema npedaazaeT emy HECKOAbKO BapuUanTO8 npunyuna ded-
CTBUA NPOeKTUPYeMOll TeXHUECKOU CUCTeMbL.

B nocaednioro sepcuto 3TOU KOMNLIOTEPHOUN CUCTEMbL BKAIOHEH MACCUS,
cocroaweii us Goaee 1000 3gpgpexTos, a Takime cepsucHsie npozpammes no-
cTanoeku 3adasu  opmuposanus
npunyunos deldcreus 4 pedaKTUpo-
8aHUA  Pe3YyAbTATO8 ee peulerus.
Kpome 31020 3KChepTHaA cucTema
HNPHHIHI JEHCTBHA modxer

ucnoas3dosarsca 0an  popmuposa-
Husa nepeuneldl 00HOCAEOCTBEHHOIX
U oO0HOnpuduHnblx 3ddexTos.

Bce, k10 x0Tea 6b. noOAy4uUTs
60osee nodpobryto urgopmayuro oT-
HOCUTEAbHO  3KCnepTHOR  CUCTeMbl
MNPHHLHII [JEHCTBHA, moeyr
obpawarsca no adpecy: 119048,
Mocksa, ala 453, HTK <Merod»
Tea.: 245-43-07, 245-46-23,
reaexc: 411700 «38po»;
paxc: 200-22-16 «38po>.

64



TPHJIO KEHHE 1

CJIOBAPb TEPMHHOB $3bIKA ONHCAHHSI 3PPEKTOB

1. TEPMHHOJIOTHYECKHE 3HAKH

Tabauya 1
1.1. HAIIPABJIEHH Sl H3MEHEHHA 3HAYEHHH MAPAMETPOB
Hassanue ; c::d; ecKoe ITosicuenne
P
VBeanuenne snavenufl na- 1 /
pamerpa
T
V4
YMeHbieHHE 3HayeHu#t 2
napamerpa
>
V4
Hannuue wnenyaesoro mo-
CTOSIHHOTO 3HayeHHs ma- 8 _
paMerpa
- 7
INpousBoabHOe H3MmeHe-
HHe 3HaueHHA nNapamer- 4
pa
T
YBennueHne maH Hanuume ’ /_/
HEHyJ/IeBOrO0  MOCTOSSHHOTO 5
SHaueHHA MapameTpa
[
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IIpodoaxenue Taba. 1

CuMBOJIHYECKOE
Haspaunue HMs HosicHenne
P
YMeHbIIeHHe HJIH HaJHUHE \ﬁ
HeHyJIeBOrO  MOCTOSIHHOTrO, 6

8HayeHHs1 nmapamMerpa

P — napamerp; T — Bpems.

1.2. PH3HYECKHE ITAPAMETPbI

Tabauya 2
1.2.1. Hapamerpsi, ucmoav3yembie 8 mexanuxe
EcrecTBeHHOSI3HKOBOE HMS P‘:,’,‘:,‘;*,;";E“H" CumBosnyeckoe HMSA
Bec KIc P2
BaskocTb (RMHaMHuecKas) Kr/M-c A2
Ko3apdpruuenr tpeHus — B5
KpHBH2Ha NMOBEPXHOCTH paa/m H7
Macca Kr M
Mopayap ynpyroctH H/m? A4
MomeHT tpeHus H-m M5
Hanpsixxenne pacTsxeHHs H/m? El
Hanpsixenue cxxarus H/m? E2
O6mpem ue w2
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I podoaxcenue maba. 2

EcTectBennosnanikoBoe uMa Piﬁ,’:ﬁgﬂf&“ CuMBosIHYECKOE HMS
Il1oTHOCTB Kr/m3 R1
ITonoxenue - ‘ pP7
Pa3mep (nnHefiHHI) M L
Pacxon (MaccoBHA) Kr/c
Cuaa H |
Cuna Tpenus H M4
CKopOCTb JIHHelHast \ Mc w
CKopocTb yrJioBast I panjc \ w1
dopma l —_ F

IPHJIO KEHHE 1
Tabauya 3

1.2.2. Hapamerpol, ucnosrbv3yemoie 8 TenA0TEXHUKE

l Pa3sMepHOCTb B
EcTecTBEHHOA3LIKOBOE HMA cucteme CU CuMBOJIHUECKOE BMSA
JlaBaenue H/m? l P
OTBOAMMOE KOJNHYECTBO TEMJa ’ x Q!
IToaBoauMoOe KOJNHYECTBO Temaa I Hx ‘ Q2
Temnepatypa ‘ °K ’ T
Temneparypa nuiaBJeHHS °K } T2
TemnepaTypa KHIEHHS HJH KOHjeHca- °K 3
IHH

TemnepaTypa oTBepAEHHS I °K T6
Temnepatypa Toukn Kiopu °K T4
TensonpoBoAHOCTb Br/M-rpan. I L1
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Tabauya 4

1.2.3. ITapameTpol, ucnosv3yemoie 8 BAEKTPOTEXKUKE

EcTecTBeHHOSI3HKOBOE MMs

PasMepHoCTb
B cucteMe CH

CumBoanueckoe uMs

I'panneHT Hanps)KEHHOCTH MAarHHTHOTrO Alm? G7
noJas

['panneHT HamNpsXKEHHOCTH 3JEKTpuye- B/m? G6
CKOro moJs

JlAssieKTpHUecKas MPOHHIAeMOCTb — C3
KoHueHTpanusi 3JeKTpoJuTa Krjn Cc7
MarunuTHas mpoHuuaeMocTb (OTH.) —_ D2
HamnpsizkeHHOCTb MarHHTHOro moJs A/m H
HanpsixeHHOCTb 3JIEKTPHYECKOrO MOJS B/m E
OcraTouHass HaMarHH4YeHHOCTb Alu A
Chia nepeMeHHOrO  3JIEKTPHYECKOro A J4
TOKa

CHNa 9JIeKTPHYECKOro TOKa A J
YaeapbHoe 3JIeKTpHUECKOE COMPOTHBJIE- Om-M R
HHe

dueKTpHUECKasi eMKOCTb (0] C
daeKTpHUECKHA 3apsf Kn Q3
DJIeKTpHYECKOe HampsiKeHue B K
dJleKTPHYECKOE CONMPOTHBJEHHE OMm R
dJeKTpHUecKoe CONPOTHBJIEHHE eMKO- Oum R6
CTHOE

DJIeKTpHYECKOe COMPOTHBJEHHE HHAYK- Oum R5

THBHOE
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1.3. KOHCTPYKTHBHBIE ITAPAMETPbI

CreneHnb cBOGOAH MepeMeleHHs — Q.

Jaugufi mapamMeTp xapaKTepH3yeT COBOKYMHOCTb MeXaHHYecKHX cBs3efl, Ha-
JIOXKEHHHX Ha OODBEeKT, KOTOphHEe OonpelesiT BO3MOXKHOCTb €ro TfepeMelleHHs
8 MPOCTPaHCTBE.

Tabauya 5

3nauenus crenenu c80600bL nepemeujeHus

BOSMOJKHHE SHauYeHHsi CTeNeHH CBOGOAH

nepemelleHns (a) ITpuMeph

DAMoH
/43

Ilpn a=1! oGbeKT He MOXKeT NepeMe-
marbc HH B ONHOM H3 HampasjeHHH

TBEBLOE TEAD

SN
HABABASKOLUYAS
Ilpn a=2 oGpeKkT MOXeT mepemelnarh-
¢ B OLHOM H3 HampaBJeHHRA (mo JH-
HHH) JPYEA
O
HATPABNHOUME

Ilpr a=3 o6bekT Moxer mepemelaThb-
cf B ABYX HamnpaBJeHHsX (MO MJIOCKO-

CTH)
2

Huawoere ———1_— |
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I podorsenue raba. b

BoSMOKHHIE SHavweHHs CTenenB CBOGOAN
nepeMemienns (a) TpuMepn
IIpn a=4 o6beKT MOXeT HepememlaThb-
cd B Tpex HampaBjieHHAX (B ofbeme)
MUIKOCTD

Crenesb cBoGOAH BpameHHs — b.

JlaHHHA mapameTp XapaKTepH3yeT COBOKYNHOCTh MEeXaHHUeCKHX cBssefl, Ha-
JIOXXEHHHX Ha OGBEeKT, KOTOpHE ONpeie/sioT BO3MOXHOCTb €ro BpAamAeHHA BOs
Kpyr (pHKCHPOBaHHOA TOUKH.

Tabauya 6

Bo3aMoOXxHe 3HaueHHSI CTeNneHH CBOGOAH
BpalueHns (b)

IIpn b=1 o6BeKT He MOXKET BpaIaTb-
csl BOKPYr HH OJNHOA u3 oced.

IIpn b=2 oO6beKT MOXKer BpamaThCs 0
BOKPYr OLHOA H3 ocef. NamsZ

IIpr b=3 o6GbekT Moxer Bpamarbcs
BOKpPYr ABYX ocef.
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M podorxncenue Taba. 6

BosMOXHble SHAYEHHSi CTEMeHH CBOGOAH
BpalleHus (b)

TpuMepn

Ipa b=4 o06BEKT MOXKeT BpaulaThes
BOKDYT' Tpex ocef.

Crenedb (puKcauuu — s.

JlaBuufi mapameTp XapakTepH3yeT BO3MOXKHOCTb NepeMelleHAs OAHOA wacTh
of6bekra N0 OTHOIIEHHIO K APYrofi, B Ipomecce H3MEHEHHS €ro JHHEAHHX pas-

MepoB HJH nedopmanuH.

Tabauya 7

BosMOXHHE 3SHaueHHSi CTeneWH GHKcauuB (s)

MNpeMepw

IIpe s=1 HH oaHa uacTb OoGBEKTAa He
MOXKE? NepeMemarbCs MO OTHOLIEHHIO
APYTHK ero yacrei.

Numay

: ;r/ﬁs

“
9
L

TBERNOE TEND

IIpr s=2 uyacre o6bekTa Moryr Ie-
pememaybcsi B OQHOM HANpPABJIEHHA.
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IIpodosskenue Taba. 7

BoaMoXKHBle 3HauYeHHR cTeneHn (uKcauuu (s) Tlpumepn

)
)

Ilpu s=38 uactH o6BbEKTa MOryT nepe-
MellaTbCd B JBYX HampaBJIeHHSX.

Ilpn s=4 uwactu o6beKTa MOryT nepe-
MellaTbcsl B TPeX HamnpabBJieHHSX.

MuaxocTs

XapakTepucTHKa Temnoo6MeHa — c.

JlanHnf mapaMerp xapaKTepH3yeT Npolecc Temloo6MeHa o6beKTa € OKpy-
XKaromed cpenod.

Ilpun c¢=1 xoJsuuecTBO Temaa, MOABOAHMOrO K 0O0DBeKTY, GoJsiblle KOJHIECTBa
OTBOJHMOrO OT HEro TemJa; OGbeKT MOIJIOAEeT Telllo.

Ilpn ¢=2 koJHYecTBO Tem/a, NMOABOAHMOrO K OGBEKTY, MeHblIe KOJHYECTBa
OTBOJHMOTO OT Hero Temia; oGBEKT OTJAaeT TeIJIo.

Ilpu c¢=3 xoJHueCTBO NMOABOAHMOrO H OTBOAHMOrO Telsla PaBHH HJH NpH-
GJ/IH3HTE/IbHO PaBHH; MOANEPKHBAETCA TeNJIOBOE PaBHOBECHE.

®opma — F
F=1 — crep:eHb, NPOBOJIOKA, UHIHHAD; F=6 — 3aMKHyTas 06oJOuKa;
F=2 — nnactuHa; F=7 — nonyorpaHH4eHHOE TeJIO.
F=3 — map; 3pecs  1-+7 — 3HaueHHe MNapaMerpa
F=4 — napaanenenunen; «popmax.

F=5 — noawmf uuauugp, Tpy6a;

Tabauya 8
1.4. OB BEKTHl H CHCTEMbI
CumBosH- CraMBOJMIH-
Hassanue qyeckoe Hassanne qecxoe
Hmsa HMR
BemecTBo |4 J HaeKTpHK X7
Tas V4 JIH3JIeKTpHK TBEpAHA Y9
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IIpodorscerue Taba. 8

CHMBOJIH- CumBOJH-
Hassanue yeckoe Haspanne qyeckoe
HMS HMA
JKupkocrb Y ®eppoMarHuTHas KHL- Y2
KocTb *
MarnutHoe noJe U3
SJieKTpOJHT Y3
MarHATHOe 1nOJe HEeOomHO- U4
poaHoe DJIeKTPOMArHUTHOE  H3JYy- U6
yeHHe
MarsutHoe nosie  mepe- Us
MeHHoe dJieKTpHYECKOE I0JIe U
Merannnueckui  npoBoa- X6 DneKTpHUecKOoe [MoJe He- Ut
HHK OJHOpOJHOE
IMonynposoauuk Z1 HpoccenbHoe yeTpoiicTBO | S4
Ilyuok HeiTpoHOB V3 HcTOYHHK 3JIeKTpHYECKOro S5
TOKa
IIpoBomHHK X1
Kanunnspuoe ycrpo#ictso l S6
ITbeaokpucTann Z4
Konpencarop I S1
Tsepnoe Teso X
Conenonp | S2
Tokonposoasimee  TBep- X9
Ace Tedo Lnauuap-nopwens  (cuJb- S3
deppomarueTHk X2 ¢on)

* QeppoMarHHTHAs KHAKOCTD —

POMATrHHTHHIX YacTHL B KHIKOCTH.

S4 — npoccesboe
YCTPOACTBO

\A\\ A

Uasisa

S8 — NRAHAAD-NOPLIEHb,

ceabdon

Slopuwern
“ WVl urnmap
/A3

HALPOH

/A3

S6 — kannansipHoe
yCTpOHACTBO

S2 — conieHOH ],

Usmorka

CERIE K

yCTOAYHBAA B3BeCh MEJKONHCIEPCHHX ¢ep-



15. OTHOIIEHHA

Ta6auya 9

1.5.1. OTrowenus mexdy obvexkramu

CuMBOJIHUECKEe
Haspauue Mt Tpumepn
X x
WQQ” xox”
OTHOlIEeHAe BHELIHEro KOHTaKTa @
XYy
2 xey
/ ”
X#x
OTHOlIEHHe BHYTPEHHEro KOH- o
TaKTa
G
OTHOLIEHHE IPOH3BOJIBHOTO - CM. MpeABIAylHe IPHMEPHI
(BHeIIHEro HJH BHYTPEHHero)
KOHTaKTa
X’ pacnoJsioxken cBepxy X”
OTHOIIEHHEe BHEIWIHEro KOHTAaKTa X
C yueToM HallpaBJIEHHSI BeKTOpa L
HaNpSKEHHOCTH TPaBHTAMHOHHO- X
ro noJs
4
XX’
X1 He MOXeT nepeMeliaTbCh
OTHOCHTEJNbHO X2
OTtHoweHHe GUKCHPOBAaHHOTrO X’ x’
KOHTAaKTa MexX Be -
KOHTAKTA MEXKAY TRCPIHMA T | @ 222NN
CBAPHOE COE HHEHHE
X/.X//
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IIpodonsenue raba. 9

CuMBOJIHRECK €€
Haspaune aMs Tpumepn
OTHoleHHe «OHTb 3JEMEHTOM» .

Qa3oBre  OTHOUIEHHA  (OQHH S

06BbeKT MOABHJCA B pesyabTaTe ) Sy — X
tasosoro mpespaimeHus Apyro- Cro o0

ro o6bekra)

! X<-=>¥
OrHolleHHe TOXHECTBA (<. .sIB- =

JfeTcst », «.MOXHO paccMmar- X=V

PHBATb KaK ..»)

3nece: X — tBepnoe Teno; Y — KHAKOCTb; Z —ra3; Y8 — rtekywas cpena;
S1— xoupencatop; X7 — IRH3JIEKTPHK; V — BemecTso.

1.5.2. OtHowenns mexny napaMeTpaMH 0GBHEKTOB

> — Goablie > — GoJiblie HAH paBHO
< — MeHblIe < — MEHbllleé HJIH PaBHO
= — paBHO

Hanpuwmep, temneparypa (T) xuakocrn (Y) mewbme win pasma (<) TeMs
aeparype ee kunenus (73): TY<T3Y.

1.5.3. OTHOLIEHHs MeX]y H3MEHeHHSMH napamMeTpoB 06bEKTOB

— — NpHYHHHOE OTHOLIeHHe («..NMPHBOLHT K...»);

= — OTHOUICHHE TOXKIECTBA («..SBJISETCH..», «...MOMHO paccMaTtpuBaTh
KaK...»).

Hanpuwmep, ysennuenue (1) Temneparypu (T) xnakocre (Y) npuBonar =
yBeanyenuio ee o6veMa (W2): ITY—1W2Y.

2. HETEPMHHOJIOTHYECKHE 3HAKH

(...) —KBanrop ycnosuii («..IPH YCJIOBHH, 9TO...»);
» — JIOTHYECKasl CBS3Ka «H»;
§ — nornyecKas cBA3Ka «H/IH;
0 — orcyrcrBHe (BHewHelr) NpuYHEH 3¢ ¢eKTa;
‘ (onMH wWTpHX) HcnoJibayercst aas 0603HayeREs
? (mBa wrpuxa) PasJHYHHX OGBEKTOB OLHOro
e THna, HanpuMep X’ u X,
...” (n wrpuxosa)

4
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ITPHIOXEHHE 2

155.
158.

306.

78.
257.
265.
252.
266.
280.

246.
250.

193.
232.
222,
299.
226.
230.
288.
276.

84.
131.
135.
134.
139.

270.

NEPEYEHD reynmn OAHONMPHYHUHHDBIX 3¢PEKTOB

YBEJIHYEHHE 3HAYEHHHA
ITAPAMETPA OBFBEKTA

1A2Y

1A2Y—>1M4X [O]
1A2Y—IM5X [[]
1A2Y2
1A2Y2=1A2Y (Y2mY) [02]
1A4X
1A4X—~ILX
1A4X2
1A4X2=1A4X (X2=X)
1AX2
1AX2—~1E2X2 [O]
1AX2—~1HUS [X]
1AX2—~I1LX2 [p2]
1B5Z1
1B5Z1-~IM4X [[]
1C3X7
1€3X7—~2CS1 [A]
1C3X7->1CX6 [A]
1C3Z
1C32=1C3X7 (Z=X7) [02]
1C7Y3
1C7Y3—~2D1Y3
1CX1
1CX1—~2R6X1
1CX6
ICX6=ICX1 (X6=X1) [02]
1D1X1
ID1X1—~1RX1
1D1Y3

[02]

ID1Y3=1DI1X1 (Y3=X1) [02]

1D1Z1

IDIZ1=IDIX1 (Z1=X1) [02]

1D2X2
1D2X2-~1L3S2 [A]
1E1X
IEIX—>4FX [O]
IEIX=1EIX2 (X=X2) [o]]
IEIX=1EIX9 (X=X9) [of]
IEIX=1EI1Z1 (X=Z1) [c!]
IEIX=1E1Z4 (X=Z4) [ol]
1E1X2
IEIX2—~2AX2 [O]

268.
262.

129.

284.

128.
325.

85.
133.
140.
132.
113.

271.

269.
261.

130.

285.

127.
326.

43.
42.

13.
9.
11
5.

24,

198.

291.
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1E1X2—~2D2X2 [O]

IEIX2=1E1X (X2=X) [02}
1E1X9
1E1X9—1D1X9 [O]
1E1Z1
1E1Z1~2D1Z1 [O]
1E1Z4
1E1Z4—~3KX1 [A]
1E1Z4=1E1X (Z4=X) [02]
1E2X
1E2X—~4FX [O]
1E2X=1E2Z1 (X=Z1) [ol]
1E2X=1E224 (X=Z4) [ol]
1E2X=1E2X2 (X=X2) [ol}
1E2X'—~1E2X" [1]
1E2X2
1E2X2—~2AX2 [O]
1E2X2—~2D2X2 [O]
1E2X2=1E2X (X2=X) [02]
1E2X9
1E2X9—~2D1X9 [O]
1E2Z1
1E2Z1—~1D1Z1 [O]
1E2Z4
1E2Z4—~3KX1 [A]
1E2Z4=1E2X (Z4=X) [o2]

1E5U6
1E5U6—~INX [A]
1E5U6—1Q1V [0, A]
1EU
1EU—~1C3X7 [02, O]
IEU~1E1Z4 [H]
IEU—~1LZ4 [1]
IEU—~INX9 [d]
1G6U
1G6U—~INY9 [HO]
1G7U3
1G7U3—~INX2 [[O]
1H7X1
IH7X1—~1G7U3 [d]
1H7X6
1H7X6—~2G6U [A]



37.
28.
30.
31.
26.
20.
35.
22.

33.

201.

195.
210.

308.
207.
282.
303.
119.

94.
103.
121.
115,

216.
218.

259.

242.
244,

323.

77.

102.

45.

71.
69.

1HU3
1HU3—~1A2Y2 [X)
1HU3—~1A4X2 [A]
IHU3—~1AX2 [0, O]
IHU3—~1E2X2 [1]
1HU3~ILX2 [1]
1HU3—~INX9 [Z]
1HU3—~2L1Z1 [[]
1HU3—~1DI1X1 [02, O]
1HU3—~1D2X2 [[]
1J4X1
114X1-~1HU5 [[]
1JX1
1X1-~1HU3 [A]
1X1-1QiX1 [O]
1JX9
1IX9->INX9
1KX1
IKX1—>1IX1
1L1Z1
ILIZI=ILIX (Z1=X) [o02]
1L3S2
1L3S2—1R582
1LX
ILX—~1GY [pl, ]
ILX—~INX
ILX—1W2X
ILX—~2W2Y [ol, 02, pl, Z]
ILX'~3WX” [[]
1LX1
ILXI—~IRX1 [pI]
ILX1—~2RX1 [pl]
1LX2
ILX2=ILX (X2=X) [o2]
1LX7
ILX7—~1CS1 [pl, d]
1LX7—2CS1 [pl, A]
1LZ4
ILZ4=ILX (Z4=X) [o2]
1M4X
IM4X—~2WX [0]
1M5X
IM5X—>2W1X
1MV
IMV—1P2V
IMX
IMX—1P2X
IMX=IMV (X=V) [02]

77

80.
224,
263.
164.
168.
141.
228.
317.
186.

91.

89.

82.

76.

83.
100.

255.

296.

311

319.

55.

174.
189.
176.

49.
47.
57.
62.

67.

123.
93.
124.
68.

IMX—1W2X

1MX1
IMX1—-1W2X1

1MX2
IMX2—~INX2

IMY
IMY—>1W2Y
IMY=IMY3 (Y=Y3) [oI]
IMY=IMV (Y=V) [02]

1MY3
IMY3=IMX1 (Y3=X1) [o2]

1MY9
IMY9—INY9

1MZ
IMZ—~1R1Z

INX
INX—~1E1X
INX—1E2X
INX—ILX [O]
INX—1WX [O]
INX—2LX [O]
INX—IM4X [A]

INX2

INX2=INX (X2=X) [02]
INX6

INX6=INX (X6=X) [02]
INX9

INX9=INX (X9=X) [02]
INY9

INY9=INX (Y9=X) [02]
1P2V

1P2V—~INX [A]
1PZ

IPZ~INX [[]

1PZ'~ITZ" [[]

IPZ—~2NX [A]
1Q1v

1QIV—~1Q2V

1QIV—ITV [0]
1QIV=1QIX (V=X) [ol]
1QIV=1QIX7 (V=X7) [ol]
1QI1V=1QIZI (V=Z1) [ol]
1Q1X

1QIX—~IMY [02, O, 1]
1Q1X—~2MX [0]
1Q1X—3Y [02, O]

1QIX=1Q1V (X=V) [02]






