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BHAOrPA®UYECKAN OYEPK

Anexcamgp AnexcamppoBma XapkeBmd popuinca 3 deBpans 1904 r.
B IlerepOypre. lopm yueHma coBmaim ¢ BOMHOA m peBomronmei.
Tumras®i0 cMenuia COBETCKAasd IIKOJA, BTOPYH CTYHEHb KOTOPOH OH
oxomama B 1921 r. B 1922 r. ou mocrynma B [lerporpafckuit 3meKTpo-
TeXHWYECKH uucTuryT, a ¢ 1924 r. madunaer, coBmemas ¢ y1e6oi,
CBOit TpYnOBo# nyTh. B Tewenme naTm ger Asexcaugp AneKcaHIPOBHY
paboTaer MOHTEPOM B aKKYMYJIATOPHOR JabopaTopmu, IPaKTHKAHTOM,
TEXHHKOM M PyKOBogurexeM pa6Gor ma 3aBofe. OOyueHME B HHCTUTYTE
BaTAHYIOCH, HO MpaKTHIecKas pabora He mponaiaa gapoM. AJeKCaHAD
ANeKcaHIpOBHY CTAHOBUTCHA KBATMOHUUPOBAHHEIM WHKEHEDOM-TPaK-
THAKOM.

Mupora mATEepecoB @ TBOPYECKOE HAYAJNO BIEKYT [Aalblle, @ OH
BCTymaeT Ha OyTh mcciemoBarena. B 1928 r. Buxogmr m3 mesarm
ero mepBas HayIHAs pPabora «DKCIEPEMEHTAIBHOE HCCIefOBAHHE He-
KOTOPHX CBOMCTB DPEIPOTYKTOPOBH.

B 1929 r. Anexcaunp AleKCagIpOBAY OCTaBIAET 3aBOJ M IOCTYIaeT
B llemrpanbryio pagmonaboparopmio, B KOTOPO# 3a TPH TOfa HPOXO-
JOTH TYTH OT cTapmIero Ja6opamTa [0 crapmero maxenepa. B 1930 r.
OH OKAaHYMBAET WHCTATYT M HCCIENOBATENBCKYI0 pabory coBMemaeT
¢ opemomaBagmeM. C 1932 r. memarormyeckas [eATeNBHOCTH CTa-
HOBHUTCS OCHOBHEIM 3aHATHeM Anercanmpa Amexcamgposmia. On pabo-
TaeT CHaYalla ACCHCTEHTOM, 3aTeM CTRHOBUTCA MONEHTOM H, HAKOHEN,
HCUOMHEAIMEM o6a3aEHOCTH mpodeccopa BoeHmoi smeKTpoTeXHHTE-
CKOIl aKageMmu.

B 1938 r. Anexcamnp AJeKCAaHApPOBHY YiKe NOKTOP TeXHAIECKHX
HaykK = mpodeccop. B oro Bpema ou moxysaer Kadexpy B Umcrmryre
cBasm B Jlemmarpase, rae paGoraer xo 1941 r.

B 34 roga Anexcamgp AnexcamapoBmd mmeer 0kojo 30 megaTHBIX
HAYyYHHX pPaboT M CTAHOBHTCA KPYUOHLIM CHeLHalucTOM B obxacTd
TeopeTmuecKoi W mpmkIammo# axyctmkm. O paGoraeT HaJ TeOpHEH
pacueTa W KOHCTPYHEPOBAHMEM B3IEKTPOAKYCTHYECKOH ammaparypu
(mampmmep, TPOMKOTOBOPHUTEND CHENEATBHOI0 HA3HAICHAS, MOMHOCTD
KOTOPOTro GHIa YHEKAIBHOR [JA CBoEro BpeMenm). PesyasraTs mecie-
noBaHmA ANeKCAaHIpPA AIEKCAHIPOBMIA HM3JOKEHH B MOHOrpadmax
«dnexTpoakycraieckad anmapatypa» (1933 r.), «IIpmmepn TexEE-
9eCKEX pacueroB B obnacrm akycTukm» (1938 r.) m 3aBepmens! KHATOX
«Teopua amexTpoakycraaeckmx aumaparoy (1940 r.). B stmx kEErax

S



W3NOMEHA CTPOAHAA TCODHs DIEKTPOAKYCTHIECKHX  AmNIapaToB
B ¢opme, yaoOHOHR AMA HPHIOKEHHH.

B 1941 r., nakanyse Benmroit OTedecTBeHHOH BOHHBI, AleKCAHIP
AnleKcaEApOBHY MOITHOCTHIO IOCBAMAeT ceba HAYYHOH NeATENBHOCTH.
OcroBrEM MecToM ero paborbl cranoBuTcss Dumsmko-rexEmIeCKm
nrcraryt AH CCCP, rae om 3aBenyer maGoparopmeit. I'maBEEIM B ero
TBOpUECTBE JTOTO Iepmoja sABisercs paGoTa Ham co3mammeM oOmeH
Teopmu mpeo6paszoBareliell SHEPIHUHM, CPeTH KOTOPHX Gonpmoe BHEMA-
HEe yAensdercs bBIeKTPOMEXaHWYeCKEM mpeobpasoBaTenam. Paspa-
Gotammas AJekcamapoM AJEKCAHAPOBUIEM TEOPHA IIBE30DIEKTPH-
9eCKEX W MATHETOCTPHKIIOHHHX IpeoGpasoBaTeNedl mMeeT MEPOKOE
npEMeHeRme W B Hacrosmee Bpema. IccmemoBaHmA AlexcamApa
AnexcaEmpoBmIa, OTHOCAIIEECS K Teopmm mpeobpasoBaTeieif, cumcre-
MaTEIecKH w3loems B Momorpadmm «Teopus mpeoOpasoBarereidy,
pumenmeit B 1948 r. OcoGoe MecTo B 3TOH KHATE 3aHMMAIOT HCCIENO-
BaHWA IEPexXOfHBIX IPONECCOB, CBA3AHHHIX ¢ mpeoGpa3oBaHmeM dHEp-
rum. Anexcangp AmeKcanpoBHMd yCTaHABIWBAET OOIMMe OPUHIAIEL
GYHKIMOEMPOBAHEA CaMBIX pasHOOOpasHHX IpeobpasoBaTeled,
ACIOTB3YS METOJbl TEOPHH YETHPEXMOJIOCHHKOB. JJIEKTPOMEeXaHmIe-
cKmif mpeofpazoBaTenh OH TPAKTyeT Kak oO00OIeHHBIH dYeTHpex-
HONIOCHHK, OfHA CTOPOHA KOTODOTO fBISETCA  3JIEKTPHYECKOI,
a Apyras — MeXaHWIeCKOH, X, OCHOBHBASACH HA HOHATAH O TPEXCTOPOH-
HEeM (7 BoOGINe MHOTOCTODPOHHEM) mpeoOpasoBarene, Pa3sBEBaeT Hajlb-
geiimee o0o6menue 3Toi cTaBmed Teneph OCMENPHHATON KOHNENIUH.

B xomme Boitan, B 1944 r., Anekcaggp AmexcamnpoBmd ORI Ha-
npasies B0 JIbBOBCKEH IONATEeXHWIECKUA MHCTHTYT B Ka4ecTBe OpO-
deccopa, saBenyromero xadeapoir. B 1948 r. om mabmpaercsa wneHOM-
rxoppecnorgentom AH VCCP. B cBs3m ¢ srum Anekcagnp AleKCanxpo-
Bmd mepeexat B Kmes, rme o oprammsoBai OTAeN TeXH@IeCKo# ¢m-
sukm Mmcrmryra ¢msmkm AH YCCP. Anexcannp AuekcaEgpoBAY
MHOTO pa6oTal B HOBOX B TO BpeMsi 00JacTH TeXHWKHA — MArHATHOR
38IIECH, AM Pa3pafaTHBAIHECh BONPOCH 3aIUCH EMIYILCOB ¢ DONBIIOK
93CTOTOH CJIE[OBAHMA, OJIEMEHTH NaMATH [JIA BHYACIATENBHBIX
Mamue, OHJ CO3JaH MOAYJIANKOHHHA MHOTONOPOKEYHHIA MAarHUTO-
¢doH 7w T. .

Vkpamuckuit nepmon paGorsl Alexcannapa ANEKCAHZPOBHAYA 3HA-
MEHyeTca TIAyGOKHME TEOPeTHICCKAMHE MCCIENOBAHUSME BOJHOBHIX
npoueccoB. B aroit o6mactm AnexcaEAp ANEKCAHZPOBHI IO HPaBy
CUMTaeTCA THOHEPOM. De3yKopW3HEHHO Biajiess MaTeMaTHIeCKAM
anmaparoM OLEpAlHOHHOTO WCYMCICHUA U TEOPHH PA3PHIBHHX (YHK-
OEA, OH HAXOXHT OPOCTHE W W3AMHLE PelleHAs PANA UPEHIUIAAIE-
mHx 3afad. Oco6eHHO WHTEpPECHH ero pe3yinbTaTH B 3ajadax Agd-
dpaxoum PAaspHBHHEX BOJH, B YaCTHOCTH B 3amaze 3omMepdenba
0 nEOPAKIEE IIOCKOX BONHEL OT Kpas MOJYMIOCKOCTH TIPH HPOM3-
BOIBHOM yIJie nafgeHds. UpesBHYaHHO Ba)KHHM ABJSETCA 0600meHme
OOHATHA HAUPABIEHHOCTHE W BRITEKAMEE OTCIONA OPHTCHHAILHEIE CO-
ofpaskeHAsT O HANPABIEHHOCTH NPH HECTANMOHAPHHIX IIPONECCaX,
KOTODEIe BIGKYT 32 co00f iy6okme §o cBoeMy ¢mamueckoMy comep-
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JKaEWI0 BHBONBI. llpmEamiesxkamas Auercawipy AJsexcangpoBuay
o606mernnaa ¢opMa COOTHOIIEHMS B3AMMHOCTH B aKyCTUIECKUX CH-
creMax moayumia Bceobmee npumaunanume. Momorpadumsa Anexcamapa
Anexcagaposmaa «HeycraHoBEBIIEECS BOJHOBBIE ABJIEHHA», BRHULEN-
mag B 1950 r., ABAAETCA HONHHM M CHCTEMATUIECKUM HM3JIO;KEHHEM
3TOTO CIENMEAJLHOTO pasfesna TeOPUH IIOJIA.

OgEa @3 BaMedaTedbHHX KHET Asexcauapa AneKcaEApoBEYaA,
HDOCBANMEHHAsA COEKTPANbHEIM OPENCTaBIEHHAM B TEOPHE KoiaeGammit,
akycTmke m pagmoTexmmke, «COEKTPH U aHaNM3», BIEDBEE H3JaHHAA
B 1952 r., Brpepmana vernpe magauusa B CCCP u mepeBemena 8 CIITA
m Kuprae. 9Ta HEHEHra oTIEYaeTCs AKTYAJBHOCTHIO COXEPKAIMEroCs
B Hell MaTepmaja, HCKIIOYHETENbHOH YeTKOCTHIO I KPATKOCTHIO HBIO-
JKeHWA. B Hell BrmepBbie PACCMOTPEHH AHAIW3 KAK H3MEPHUTENbHEIN
mponece ¥ 0COGEHHOCTH aHAJNE3ATOPA KAK M3MEPHTENbHOTo mpmfopa.
VYcragoBiieHa CBA3h MERAY paspemaromed CHOoCOGHOCTHIO AHANH3A-
TOpa @ BpEMEHeM anaid3a. BBefleHH HOHATHA [MHAMHYIECKOH H CTa-
THCTEIECKOR paspemiamesl cunocoOHOCTH aHaamaaTopa. PaccMorpeH
OpOIeCC aHANN3A KOPOTKEX OJMHOYHEIX UMIYJIBCOB, BBEJEHH YCIOBHA,
KOTOPHIM JOJIJKEH YIOBJIETBOPATH HAEAJIbHBA aHANA3ATOD, I YKA3AHK
DOIpPaBKW, KOTOPHE CJIEAyeT BBOAETh B MOKA3AHHAA PEATBHOIO
aHAJTA3aTOPA.

I'ny6oro muTepecysach 3afadaMd, CBA3AHHHIMA ¢ HEJIHHEAHRME
KonebanumaMu, AjeKcapfp AJNeKCaHJpPOBHY HAOHKCAJX KHATY «ABTO-
ronebanuay (1952 r.), B KOTOpO# JaeT HCKIIOYHATEIBHO APKOE W OPH-
IrEHANBHOE WBJNOMKEHHWEe ONHOr0 W3 Hamboiee HHTEPECHHX H CIOKHHX
BOLPOCOB HEJNWHEWHO! TeOpWHW, H3Xaras ero IpakTEIecKd Oe3 mpH-
MeHeHms MaTeMatmdeckoro anmapara. Ipenensro sicHoe KagecTBeHHOE
00BACHEHAE CYTH aBTOKOJEOATEIBHEIX HPONECCOB CaMOr0 PA3IHAIHOTO
Tona (MEXaHHYeCKHEX, aKYCTHIECKWX, SIEKTPOMATHATHHX) ¢ €IHHEX
DHEPTeTHIECKHX HO3uNEH, OiecTAmas (puamuecKas TPAKTOBKA 3TOTO
ABJIEHNs, MEHOTOYACIEHHLE IPAMEPH, HAaPAXY ¢ HpEMeHeHAEM HOBOTO
METOla MCCJIEIOBAHHMS, OCHOBAHHOIO HA HCIOOJb30BAHEH «aHAIH3A
¢das», pesro BHENANT 3Ty KHATY U3 00MUpHOE JETEPATYPH, HOCBA-
meHHOM Teopmu aBroxomebanmid. Humra «ABrokone6anmay Ghia mepe-
BefeHA HAa NOJBCKHUIl W KUTaHCKUH A3RIKY.

B 1952 r. Anexcanpp AnexcampgpoBmu mpepeessxaer B Mockmy.
Emy 48 net, ou 3aBoeBal mMA KpPYIHOTO y9eHOro, Oiectamero opra-
HA3aTOpa M PYKOBONETENs HAYIHLIX KOJIEKTEBOB. EMy npmmapie-
xaT Gomee 70 meuaTHEIX paGoT, cpegu KOTOPHX BHAHOE MECTO 3aHH-
MaloT o6obImalomue Mogorpadmu.

3a mocjeHAA, MOCKOBCKHN, mepHOf »Ku3um ANexcaHmp AllexcaH-
nposmd ony6amroBan 6oaee 30 HayYHKX PaboT, CPen KOTOPHX 5 KHHAT
(scero mM mammcano 86 maydmmx m 11 o63opumx craTeif, a Taxme
13 xmmr). Ilepeesn Anexcanppa AnexcaEgposmia B MockBy, rie oH
posriaBmil Kadeapy TeopeTmiecKodl pafmoTeXHEKE MOCKOBCKOTO
BIEKTPOTeXHAIECKOTO MHCTHTYTA CBSI3W, CTHMYJIHPOBAX ero pabory
B 06IaCTH TEOPETHIECKOH PAJHOTeXHHWKH, MHOTHE ACHeKTH KOTOopoid
TECHO CMBEIKAJZCh C PAHHEMHE HCCIETOBAHUAMHA O TeopHH KoaebaHH.
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Urorom sroii mesrenpEOCTHE OblIO CO3[AaBHE TpeX 3aMeYaTENbHEIX
y9e6HAKOB II0 KypCy TeOpeTHIecKEX OCHOB pammocasm: «Henmmei-
HHe M OapaMeTpmuecKme ABJIeHWA B papmorexsmie» (1956 r.), sra
xagra mepesegesa B CIIA m Bo Qpamnum, «TeopermyecKkue OCHOBH
pagEocasm (1957 r.) u, maroren, «OcHoBH pagmorexmmkm» (1962 r.);
HoCJefHAA BHILIA BTODHIM H3[aHHEM depe3 Tof HOCJIe BHIXO0Aa B CBeT
IepBOro. OTH KHAIHW, HAOHCAHHEE C MCKIOIATENBHOH fACHOCTHIO,
3aBOEBAJH MEPOKYI0 IOIYJIADHOCTh B Halmeidl cTpaHe m 3a Py6esom.

CnofictBenBH# Anexcasipy ANEeKCAaHIPOBHIY HHTEpPEC KO BCEMY
HOBOMY, IpDOIDECCEBHOMY, HCKIIOYATENbHOE YMEHHE IDEeABHAETH
0COGEHHO NEPCHeKTHBHEIE HANDABJIEHMA B HAYKe W TEXHHAKE OYEHH
6HCTPO 3aCTABHJIM €0 NEPeATH OT HCCIeHOBAHEA KIACCHIECKHEX
npobieM pagHOTeXHHKU K OOMZEM BOOPOCAM TeOPHH IIepefavd CHIHA-
n0B. Haumaasg ¢ 1954 r. Anexcannp AlexcasfpoBud Hagad paborars
B KadecTBe CTApIIero HayIHOro COTpyAHEKA B JlaGoparopwmum mo pas-
pa6oTxke Hayarx npobiaem npoBonuoii cBszm AH CCCP, u ero sayunsie
HHATEpeCH COCpEJOTOYMIMCh TIJIaBHEM o0pasoM Ha obmei Teopmm
cBa3E. Bumymesnas mM B 1955 r. xmwmra «Ogeprm of6me#t Teopmm
cBA3H» OHLIA NEPBHIM COYMHEHMEM HA DPYCCKOM fA3HIKE, B KOTOPOM IO~
CJIe0BATEeNbHO H3JAralHCh OCHOBHBIE BOIOPOCH TeOPHH HEPOPMAIUH,
KAaK OCHOBH TeXHHWKE CBA3H. JTa KHHTa BMecTe ¢ ApyrmMa paboramm
Anexcamgpa AneKcaHApPOBWYAa, B KOTODHX INAPOKO NIPHMEHAINCH
d TONYJAPUSEPOBANACH IeOMETPHYECKEE METONH WCCJIe0BAHUA
B TEOPHE CBASH M KOTODHE IO XapaKTepy H3J0KEeHHA OTIHYATIHUCH
or paGor Illemmoma, OHLIA OCHOBHHM HCTOYHHKOM O3HAKOMJICHES
MAPOKOrG KPYyra COBETCKAX HHKEHEPOB H HAYIHWNX pPaGOTHHAKOB
¢ BaKHeHmMWME HAEAME TeOopHE WHOpMaLmZd.

Pa6oru B o6nacTr o6meit Teopma ¢BA3M DOTPe6oBaNH NPABICICHAA
G0NBIIOr0 KOMMYecTBa JIONEH PA3IMYHKX COeNmajbHOCTEH (HHKEHEe-
DPOB-CBA3HCTOB, (U3MKOB, MaTeMAaTHKOB). AJeKCcagAp AJeKCAHADPOBAI
CyMen HARTH TAJaHTIHBYI0 MOJONEKDH M B KOPOTKHAA CDOK CO3AJ
paborocmocobuniit TBopUecKMi koaIeKTHB JlaGopaTopmu cmcTeM mepe-
magm madopmanma AH CCCP, ma 6aze KOTOpOH BIOCIEACTBHEM UM
Orur opragmaosan Vacrmryr npobiaeM mepenaud madopmanmd. Boas-
IIEHCTBO padoT, BHOOJIHEHHEHX B Ja00paTOpAX i B HOBOM HHCTHTYTE,
OpoBogmIOCh JEO0 mpW mpAMOM yIacTuE AmexcaHApa AJEKCaHIPO-
BHYIa, 100 MOJ er0 HAYIHEIM PYKOBOACTBOM.

Anexcanap AnexcaEJpoBWY HEIOCDEJCTBEHHO B3aHEMAJICA IpO-
GaemaMu o0HADY)KEHAS W NPHEMA CJIAGHIX CHATHANOB, CKATHA CIEKTpA
CHTHAJa, CTATHCTHYIECKEM ¥ HOMEXOYCTOHIMBEIM KOZHPOBAHHEM.
Emy mpmBammeskar HCCIELOBAHHA, OTHOCAIIHAECH K TEOPHH HIEATb-
HOTO NPHEMHEKA, OPONYCKHOA CHOCOOHOCTE CHCTEM CBA3HM, METOLAM
HOOCTPOCHHA ONTHMAIBHKEIX CHCTEM CBA3H. AJNEKCAHAD AJEKCAHAPOBHY
H3y9aJ NOMEX0YyCTOHIABOCTh PAB3IHIHLIX BHFOB MOLYIANME X HCKa-
JKaIomee fefcTBEE HOMEX PAa3IWIHOr0 THOA (3NIUTHBHOHR KOPPEAHpPO-
BAaHHOH [OMEeXW, MYJIBTHIIUAKATHBHON HOMEXH M [p.), BOEpBHE IO~
CTaBHJI BOIPOC O KOJHYECTBEHHOM H3MEPEHHH LEHHOCTH HEPOpMA-
OUE ¥ Ea OPOCTeHIMAX NpAMepax NOKA3al NPHEIUOAAIBEYI0 BO3MOK-
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HOCTb Pa3YMHOTO IOCTPOEHHA MepH ueHHOCTH mHYOpMaumm. OH Obla
MHUNZAATOPOM IIOCTAHOBKH HpPOGJEeMH eJUHO¥ aBTOMaTH3WPOBAHHOM
CECTEMHE CBsS3u CTPAaHKI, OpPraHM3aTOPOM W AKTUBHBIM YYaCTHHKOM
ee paspaboTkd. AmnexkcaHApOM ANEKCAHIPOBHIEM OBHIIE MOTYIeHH
Ba)KHBle W TIIy0OKME pPe3yibTaThl, MHOTHE T3 KOTOPHIX ABHJIHMCH OT-
OpABHEIM OYHKTOM CAMOCTOATEIBHHX HCCJAEJO0BAUUA €ro YIEeHHKOB,
COTPYLHHEKOB M IOCJIefoBaTelei.

Hayunaa wmaunmatmBa Anexcangpa AnexkcaufgpoBHIa IIpHBEIA
K PAa3BUTHIO B PYKOBOLMMOM MM WHCTATYTE PANA BAyKHBIX HAYYHBIX
HanpaBileHHA. BHUIM mpoBefeHB! Cephe3HHIE MAaTEMATHIECKHE HCCIE-
HOBAaHHA BEChMa TOHKHAX BONPOCOB TEOPHH BEPOATHOCTHHIX IIPOMEC-
COB, CBABAHHHIX C BHYECIElHeM MepH MHPOpPMAlME M YCTAHOBICHHEM
mHGOPMAI[EOHHOR YCTOAIMBOCTA CIYyYadHHX BEJIMIHH H OPOUECCOB.
Bruim magaTil paboTH OO CTPYKTYPHOMY CHHTE3Y CJIOKHHEIX rpados,
pacyeTy CHCTEM MacCOBOTO OOCHYKEBAaHHA, METOXAM KOMMYTaodA®
HHQOPMALMOHAKX LOTOKOB K yOpaBieHms OOJBIIMMHA CETAMH.
Aru paboTH yiKke KaiH| CyOeCTBEHHLE Pe3yIbTATH , AMEIOINHUE HE TOJBKO
OpaKTAYeCKOe, HO M CAMOCTOATENBHOE TEOPETHYeCKoe B3HAUCHEE.
Boapmoe BEmmanme ygmensan Axexcanfp AnexcaEgpoBmd paboTam
0o mepemade m300pa)KeHHU, KOTODHE IDPHBENH K CO3NAHHMIO HOBHIX
MEeTONOB IIepefayd, HCIONb3YIOMUX CBOACTBA 3PHTEIBHHX AHAIE3A-
TOPOB H CTATHCTHKY m300paskeHns.

Anexcannp AnexcamfpoBmY OHI1 HEMOEATOPOM IIOCTAHOBKE pa-
6OTH IO MCCIENOBAHHI0 CHCTEM C 06paTHOH CBA3bI (0COGEHHO CHECTEM
CBA3E C INEPECHpPOCOM) W [0 W3YJIEHHI0 HOBeHmHZX MeTOM0B mMOMEXO-
yCTORYMBOTO KOMWPOBAHMs. JHAYATENBHHE YCOEXHW, NOCTHTHYTHIE
OPH UCCIeSOBAHUA THX mpobieM, ORI B GONBIIOH CTEHNEeHE Pe3yib-
TaTOM OOCTOAHHOTO H LPHCTANBHOIO BHAMAHWS, KOTOPHE YHEJAI
mM AnexcaEnp AneKCaHAPOBAY, €r0 MHOTOYHACICHHHX KPATAIECKHX
3aMedaBEmd ® npemiokenmi. Mrorm pmesTenpEOCTE AJseKcaHApA
AnexcanfipoBmda B ofmacTm TeopEm Depefaym wHOpManmm OnId
9aCcTHIHO OTPAKeHH B €ro mociefgHei kHmre «bopnba ¢ momexamm»
(1963 r.), xoropas B Hagame 1965 r. BHmMIA BTODHM H3JAHHEEM.
B mHeit ocBemaercd COBpeMeHHOE COCTOSHHE TEOPHH HOMEXOoyCTOHdIm-
BOCTH, CTaBATCA W PEINAIOTCSA HOBHE 33Ja9d B 3T0# ofmacrm, yKash-
BAIOTCH HEKOTOPHE HNEePCOeKTHBH HPOOGIEeMH m HaMedJalTCs OYTH HX
paspelneHss.

MocnenguM W, Do-BHAMMOMY, JIOOEMEIM feTAmeM AJexcaHfipa
Anexcanfposmda ObIO HOBOE HAmpaBieHEe B KubGepHeTHKe — OMO-
spaBaHge o06pa3oB. AxexcaHmp AJeKCAHAPOBHY ONHAM H3 IIEPBHIX
ofpaTmi BHEMAaHEE HA NOPAKTHIECKYIO M TEOPETUYECKYI BasKHOCTD
mpo6aeME aBTOMATHIECKOro y3HaBamMA o6pasos. Penkmit map ma-
yIHOTO TPeJBHAEHAA IIO3BOJAI eMy B OT/eJbHHX JaCTHHX 3afaiax
OII03HABAHWA (B OCHOBHOM HHKeHePHO-U306peTaTeqbCKOro XapaKTepa)
yBamers ofmee HaupaBleHEme, KOTOpPOe N0 MeICAE AJjexcamipa
AnexcaEmpoBmda MOMKHO OHLIO IPEBPATHTHCA B CTPOHHYI HAYKY.

Ilepmit fmoKTajy IO OMO3HABAaHWIO 00pasoB, NpOYMTAHHEIR
AnexcargpoM AnexcaEnpoBmieM B MOCKOBCKOM 3I€KTPOTEXHHAIECKOM
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HHCTATYTE CBA3H I OnyGamKoBammHi mM B 1959 r., npuBiIexk BEAMaHTe
coBeTcKO! Haydmo#l obmecTBenmoctu. HecoMHEeHHO, 9TO IEPOKOE
pasB@THE, KOTOPOE IOJyYmiaa B Halleil CTpaHe TeOPHA ONO3HABAHHA
(B mrome 1965 r. cocroanca Beecowosnuii cnMmo3myM IO TEOPHH OLO-
3HaBaHEA, B KOTOpOM mpumHANo ydgactme Gomee 500 wenoser), B 3Ha-
guTeNbHON Mepe o0s3amo paGoram Anexcanpfpa AJieKcaHJpoOBHYA,
€r0 MCKIIOYUTEIBHOMY HAYIHOMY AaBTOPHTETY W YMEHMWIO yBiIedh
OKPY/KAOMAX HOBHIMA BayKHHMHO BOIPOCAMH.

ITop, pykoBomerBoM AuexcaEnpa AJieKcaHApPOBAYA OHIIM IpOBe-
HeHH WCCIEOBAHHEA HO ABTOMATHIECKOMY Y3HABAHMIO 3BYKOB pedn
u HaGopa KOMaHJ, HeoOXonnMbe s yCTaHOBIGHHAS UPAMOH peueBoi
CBS3H 9eIOBeKa C MAmIEHOE, paGoTH IO OHO3HABAHEID 3PUTEIbHEIX
o6pa30B, CBA3AHHHE ¢ CO3NAaHMEM OYKBOUMTAMZX MAIdH. B omgmoi
W3 TAKMX MAIIAH HCHOJB30BAHE CHCTEMA TONOJOTAIECKHEX W TEOMETPH-
9eCKEX DOPHW3HAKOB H clefAmas pasBepTka. HoBui mpubop —
clefAmas PasBepTKa — OKa3aliCA BechbMa YIOOHHM U UePCHeKTHRHBIM
CpPeICTBOM MCCJIELOBAHUA PA3NHIHEIX KOHTYPHHX H300paskenmit.

Iocnenumit HayYHHER Nokuap Alexcanmpa AJEeKCaHIPOBHYA, LPO-
g@TaHEHN#E Ha ceMmHape MHCTETYTa mpoGieM mepemadtm mEdopManmm
yse Bo BpeMa Gouesnz (1965 r.), 6pia TaK)Ke DOCBAIIEH OMO3HABAHMIIO
o6pasoB. B pmorname mpemiokeHa YPe3BHIYAMHO HHTEPECHAA KIACCH-
¢uranua 3a7ad TEOPHE ONO3HABAHMA, HO3BOJANMAA IpoBecTH Goiee
9eTKOe METONWYIecKoe PasMerKeBaHWe HPo0ieM Omo3HABAHHA oGpasoB.

Anexcarnp Anexcampposmdy B 1960 r. 6ma m3bpam wienoM-Kop-
pecuornerrom AH CCCP, a B 1964 r. — meficTBETEIBHEIM WIEHOM
AH CCCP. 3a Bmpaommecs 3acIyTd DNepef, HAayKo# AJexcamip
Anexcamnposma Ona Harpaskien oppeHamum Jlemmma m Tpymosoro
Hpacmoro 3mamenm.

Cmepts 30 mapra 1965 r. mHa 62-M rogy sxmsEm GHIa MTHOBEHHON
O HeOXKUTAHHOH. ANEKCaHID AJEKCAHAPOBHY NOKMHYI HAC B IIOJHOM
pacmBeTe CBOETr0 HAYIHOTO TBOPIECTBA.



CIIHCOR TIEYATHBIX PABOT

1928

OKCIEePEMEHTANBHOE UCC:IEI0BAHAE HEKOTOPHX CBOMCTB pEIPOLYK-
TopoB. Tenedonus u tenerpadus 6e3 mpoBomos, MNe 48.

1930

O perexktupoBanum Omenuid. Becrnuk anextporexmmkm, Ne 1.
OnmT pacdera pymoOpHOTO BJIEKTPOAAHAMUIECKOTO IPOMKOTOBODHATENSA.
Becrmux anexrpompomumia., Ne 11 (coBm. ¢ K. A. Jlamarmanm).

1931
JduexTpomexaHudeckme anajgoru. JHypH. Texu. ¢ms., T. 1, Bum. 2—3.

1932

K Bompocy o HoBoit cucTeMe DIEKTPOMATHATHHX I'POMKOrOBOpHTENEH.
Rypr. Texu. ¢us., 1. 2, Bam. 1.

3sykocaumarenu. HypH. Texu. ¢us., 7. 2, BEm. 7—8.
06 m3mepermAx MexampdecKEx KouxebGammit. Mmrdopm. mmcrok, I[PJI,
Ne 3—4.

Onea u3 ovepefEHX 3afad B 06JACTH 3IEKTPOMATHATHHX MEXaHM3-
moB. Madopm. mmcror, IIPJI, Ne 3—4.

1933

Hecronbko 3amevanmii o Kiaccmpmranmu MEKpodoHoB. HHypH. TexH.
¢ums., 1. 3, BHI. 1.

O npuMeHeHME BEKTODHHIX JHarpaMM K m3ydeHmo GmiabTpoB. HHypH.
TexH. ¢ms., T. 3, BuO. 8.

dneKTpoaKyCTHIECKas: annaparypa (CPOMKOrOBOPHTENH, MAKPOPOHH,
ssykocamMarenn). JI.—M., I'ocamepromsaar.

1934

K pacuery mexammyeckmx KonebaTenpHEX cmcreM. JHypH. TexH.
¢ms., T. 4, BHI. 6.
1935

O xomeumoM pyuope. HKypr. Texn. ¢ums., 1. 5, BHO. 3.
06 aBTOMAaTHYECKOM YCTPOUCTRE NJIA CHATHSA JACTOTHHIX XaPAKTEPHCTHK
rpaMMo(OBHHX 3BYKOBHX KopoGok. JHypH. Texs. ¢ms., T. 5, BHIO. 4.
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Hosoe B akycrmuecknmx mamepeHmax. HoBocTu 3arpaHWdHOd pagmo-
TexaumKA, Ne 8.
1936

Hexoropsie coobpaskennss o xoppexnmu. 1. Hyps. rexn. ¢ms., 1. 6,
BHI. 6.

O cmenmaapHOM 9YACTOTHOR XapaKTePUCTHKE NIA ONEHKHM MCKaKeHHMHA
dopmu kpmeoii. Hypr. Texn. ¢ums., T. 6. Bam. 9.

O k. m. 1. mpeoGpasoBaTeisi ¢ TOYKH 3PEHHA €ro SKBUBANEHTHOR
cxemsl. Kypr. Texn. ¢m3., 1. 6, Ne 11.

1937

Hexoropue coobpamenus o koppeknmu. 1I. Hypr. Texn. ¢us., 1.7,
Bun. 3, 250—256.
O nmpmMeHeHmE KpHUTePHA KBAaJPATHIHOA IOIPEIIHOCTH K ONEHKE
nuaedENx mckaskegmit. Mypn. rexm. ¢ms., T. 7, BHO. D.
O mepexofHHX peKEMAax B aKycTH4eCKWX cucreMax. sMypH. TexH.
¢us., 7. 7, Bam. 9.
O6 opnoM Merofe pacueTa npmbOpoOB, CIy:KamEX OJA 3amucH OBICTPO
npoTerawmux ssienuid. Hypr. Texs. pums., 1. 7, Ne 10.
O6 m3MeHeEWEH CYMMapHO#l KBafpaTHIHOX HNorpemHOCTH. ypH.
rexa. ¢ms., 7. 7, No 9.
O6 sxcmepmmenTanbHOM [OROOpEe IapaMeTpPOB CIOMKHEIX CHCTEM,
Hypu. rexm. ¢us., v. 7, Bum. 18—19.
ITpmvepnsit pacgeT JeHTOYHOTO MEKpodoma. Pammorexmmka, Ne 2.
O HeycTOWIMBOCTH YTOJBHEIX MEAKPOPOHOB ¢ AHAYPATMOM BCAENCTBHE
TemNOBHX aABIeHmA. 3B, Jlemmarpajgck. BOGHHOH BIEKTPOTEXH.
akam., Ne 12.

1938
O npuBefeHHHX B3HAaYEHWAX PACHPENENEHHBIX NOCTOAHHHX. JHypH.
TexH. ¢us., 1. 8, Bam. 13 —14.
ITepexonusie QyHKOEE DpocTedmux 3BYKOBHX aHTeHH. JHypH. TexH.
¢us., 1. 8, BEm. 1.
ITepexomaoe aKyCTHIECKOE CONPOTHBICHWE NOPIIHEBOH TwaparMel.
Hypr. rexn. ¢us., 1. 8, Bum. 16.
IlepexonHKe CONPOTHBICHHA HEKOTODHX GECKOHEYHHX pPYHOPOB.
Hypr. Texn. ¢ms., T. 8, Brm. 20.
Teopema BsaumHoCcTH ¥ 3aKoH [IoTTKE B NpPUMEHEHHH K HECTAUHOHAD-
HEM mpoueccaM. fRypm. Texs. ¢us., r. 8, Bum. 21.

IlpamepH TeXHWYeCKEX pacueTroB B ofmacrm axyctmkm. Maf.
JleHUATpagCK. BOEHHOW SJEKTPOTEXH. aKal.

1939

O cBAsm MexJy reoMeTpmdYecKod (HopMoi 3ByKOBOH aHTEHHH I ee
mepexopHoil ¢ymrmuein. HypH. TexH. ¢ms., T. 9, Bum. 6.
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Ilndpakuua paspeiBEOA YHPYrod BOJHLI OT OPAMOJAHEHHOr0 Kpas
W OT Kpyraoro otBepcrus. fHypa. Texu. dus., 1. 9, Bau. 6.

O HEKOTODHX Y3CTOTHHRIX COOTHOIIEHHSAX MEKAY YACTOTHHIMH XapaK-
TepHCTEKAMKM ¥ nepexofHbiMu ¢ysrmuamm. 1. Hyps. texn. ¢ms.,
1. 9, Bum. 9.

O HEKOTOPHX JYACTOTHHX COOTHOIMEHMAX MEK]y YACTOTHLIMH XapakK-
TepHCTEKaME ¥ mepexonmmMm ¢ymkousama. [I. Hypu. texm. dms.,
T. 9, Bum. 11.

O KoppeKIuME HCKayKeHHH, BHOCHMBIX OINTHYeCKOH nmempio. HHypH.
TexH. ¢m3., 1. 9, Bmm. 11.

AsromaTusamusa akyctmdeckux muamepernuit. C6. «Tpyam axycrage-
ckoit kommecmm AIl CCCP». M.—J1., Man-s0o AH CCCP.

AxycTmueckme u3MepeHHsA B 3aMKHYTHIX nomeinenuax. C6. «Tpyan
akycrageckoil komuccum AH CCCP». M.—JI., Usa-so AH CCCP.

1940

Teopus aIeKTPOAKYCTHIECKAX ammapaToB. ['0c. M3A-BO WO BOIpoOCaM
CBA3H H DafHO.
1941

OKBUBAJIEHTHHE CXEMBl ¥ XaPAKTEPHCTHKE [MAPOBHX 3BYKOBRIX
anTerH. Rypu. rexs. ¢ms., T. 11, Boru. 8.

1942
O pmarpaMMax cuja—IlepeMedieHAEe B OPUMEHEHHM K HMCCIe0BAHMIO
roiebammit. Mypu. texu. ¢ms., 1. 12, Bum. 11—12.

HanmpaBneEEOCTE OpE HENePHONHMIECKEX npoueccax. sypH. Texs.
¢ums., 1. 12, Bem. 11—12.

Bumy:xnenasie KoneGaEHA CACTEMEl, YEApAKme#css 06 OrpaHuIATeNb.
Hypu. Texn. ¢us., 1. 12, Bam. 11—12 (coBm. ¢ U. T'. PycakoBnim).
3ByroBas passegka. Ceepumosck, I'ocTexmspar.

1943

MaramrTocTpEKIMOHEbIE npeobpasoBaTens. Hypu. rexu. ¢ms., 1. 13,
BHI. 6.

Wsra6 noesosiexTpmueckoro crep:kus. HHypH. texu. ¢ms., T. 13,
BuO. 7—8.

MararTEas 3anmCh 3ByKa. JHyps. TexH. ¢ums., T. 13, Bmm. 9—10.
O OpEMeHeHHH CErHETOBOM CONHM B IBE303JEKTPHIECKEX mpubopax.
Hypr. Texm. ¢ms., 1. 13, Bum. 11—12.

1945

K pacyery nbesosnekrpuieckmx Bmbparopos. #Hlypr. rtexs. ¢ms.,
t. 15, BHO. 4—5.

OKBHBAJeHTHHE B3JEKTpUUIECKme cxemn mnpeobpasomarene#r. Hypw.
rexH. pus., T. 15, Bum. 7.
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1946
06 ycroiiuuBocru npeobpasoBarened. Mypu. Texs. ¢us., 1. 16,
BEIO. 7.

1947
O pacuere ogHOTO pofja KOppexrTHpyomux cxem. Hypu. texu. dums.,
t. 17, BuD. 4.
O paspuBEnx QyHrnmax (Ha ykp. #A38.). Haygu. sam. JIsBoBCcKOTO
HOJMTeXH. WH-TA, BHO. 1.

1948

K pacuery manyxkTmBENX MmHEEMerpoB. Hayun. 3am. JIsBoBCKOro
MONXNTeXH. MH-TA, BHI. 2.

Omnpenenenne KOPOTKO3aMKHYTHX BHTKOB B KaTymkax. Haydn. sam.
JIbBOBCKOTO IONUTEXH. UH-TA, BHI. 2 (coBM. ¢ H. I'. MaxcumoBmuenm).
Teopma npeobpasosareneir. M.—JI., T'ocamepromanar.

1949

Hexoroprie 3ameuanms o0 aBroxkomeGarelbHHX cmCremax. Hayun.
3an. JIpBOBCKOrO monmTexH. mAE-Ta, BhL. 5 (coBM. ¢ H. I'. Makcmmo-
BOYEM).

K mnocrpoemmio xagectBemHO# wapruam fudpakmmm. Hypu. TexH.
¢ms., r. 19, Brm. 7.

Hecranmonapras 3afasa o AudpakOuu NJIOCKOA BOJHE 0T HpPSAMO-
ngHeiroro kpasa. HypH. TexH. ¢ms., 1. 19, Bru. 7.

Hecranmonaproe manyuenme moaymiockocrn. JHypa. texH. ¢ms.,
r. 19, Bum. 7.

Cremenmnie pymopsl u croxcoBs monmeomer. Joxa. AH CCCP, . 68,
Ne 4.

1950
Hosmit meron pememmsa nudpaxumommbix sagad. Joxa. AH CCCP,
T. 72, Ne 2.

YpaBEeHHsT aKyCTHIeCKOH cmcremsl nepemaum. Joxa. AH CCCP,
T. 72, Bum. 2.

JHepreTHYeCKEe COOTHOIICHMSA B HECTANHOHAPHOM AKYCTHYECKOM BOJ-
HoBoM moxe. CO. «Tpyner xomumcenu mo axycruxke AH CCCP». M. —JI.,
Usp-80 AH CCCP.

Heycranosmsmuecss sonnosue asinenms. M. —JI., Tocrexmamar.

1951

O pacmpocrparenunm BonH B pymopax. C6. «Tpyms KoMmecnmnm mo aKy-
cruke AH CCCP». M.—JI., Usx-80 AH CCCP (cosm. ¢ E. M. Baaco-
BOM).

ABanms EMIOYIBCOB IIOCPEJCTBOM pe30HATOpPOB. yKypm. Texm. dus.,
r. 21, Bum. 8.
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1952
O cBaAsm Meskny (opMmoi IMeau W JaCTOTHOH XapaKTePHCTHKOE BOC-
npomsBefienms. Pammorexnmka, 1. 7, Ne 2.

Cnextpn ® amanms. M.—JI., Focrexmspgar (2-e m3g., mcmpami. m jo-
noaH., 1953; 3-e msa., nepepabor., 1957; 4-e uan. Duamarras, 1962)
(mepesefien Ha EKwmraiick. s3.. 1958; amra.. 1960).

Aproxone6amma. M., locrexmsmar (2-e m3m., 1953; 3-e msm., 1954)
(mepesegen ma moabck. aA3., 1956; wmrafick., 1957).

1953
K rteopmz Bocmpomassenenus marnntaoii 3amucu. C6. «Tpynsr komme-
cum mo axycrmke AH CCCP». M.—JI., 131-B0 AH CCCP.
O6uapyskenme caabbix curnasnoB. Pagmorexnmka, T. 8, Ne 5.

1954

YMmuOKaOmuEe cXeMe. PamgmorexHmxa, T. 9, Ne 3.
OcmoBHBIE 9epTH 00mei Teopuu cBA3W. Pajtmorexmuka, T. 9, Ne 5.

1955
O mnpepmensHOH npomyckuoii crmocobuocTm cmcTeMsl cBA3M. Pagmo-
rexumka, T. 10, Ne 2 (coBm. ¢ 3. JI. Baoxom).

TeomerpmaecKas TEOPHsA IOPOTa MPOOYCKHOH CHOCOGHOCTE CHCTEMH
cBasm. Pagmorexmmka, T. 10, Ne 7 (coBM. ¢ J. JI. Baoxom).

Teomerpmaeckume npepcraBienusi B Teopmn ceasu. Mss. AH CCCP,
OTH, Ne 6 (com. ¢ 3. JI. Broxom).

Ouepxn obmeit Teopmm cBaAsm. ['ocrexmsjiar (OepeBefeH Ha KETAHCK.
a3., 1957).
1956

O mamtydymeMm Kofe. OJEKTPOCBA3L, Ne 2.

K Teopmm; mmeaqbHOTO HPHEMHEKA. DJIEKTPOCBA3L, Ne 4.

O mpmeme cnaGHX CHTHANOB. JNEKTPOCBA3B, Ni O.

K Bompocy o TreoMETPHYECKOM 10Ka3aTenncTBe Teopemb llemnowa.
Panmorexnmka, T. 11, No 11 (comm. ¢ 3. JI. Baoxom).

Henmmeiele m napaMeTpuueckme fABIEeBUA B paamoTexHmKe. M.,
Toctexmsnar (mepeBefeE Ha aHramiick. a3., 1958; ma ¢pammysck.,

1960).
1957

06 opmoif cxeMme mpEeMa CHTHAJTOB. JJEKTPOCBA3b, Ne 2.

O BO3MOKHOCTAX CKATHA CIEKTPA CHTHANa. JJIEKTPOCBA3b, Ne 4.
O TeopeTHIECKH-ONTHMANBHOA CHCTEMe CBA3H. JIEKTPOCBA3B, Ne 5.
[epenada CHrHAJOB MOLYJIRPOBAHHEIM IIYMOM. dnexrpocsasb, Ne 11.
O BHYNCIACHAM CIOEGKTPOB CIyJIafHLIX [poIeccoB. PagmorexmmKa,
r. 12, Ne 5.
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Bompocsr Teopmm mudopmanmm B aBtomarmke. C6. «OcHoBHbIe
opo6iieMEl  aBTOMATHIECKOTO DEryJMPOBAHUS H YIPABIENHA».

Wsp-80 AH CCCP, 7. 2.
Teopermaeckue ocEOBH pagmocBssm. ['ocrexmapar.

1958

CpaBHeHMEe HEKOTODHIX BO3MOKHOCTEH Iiepefaddm UPOCTHX PHCYHKOB.
dumextpocBsasb, Ne 5.
O BO3BMOKHOCTAX CHKATHA CHEKTPA. OJEKTPocBAsb, Ne 11.
O reopeme HotensrmroBa (0630p HEKOTOPHX HOBeAmuX pafor).
Pagmorexamka, T. 13, No 8.

1959

®Dororenerpad ¢ Toukm 3pemus Texerpada. IMEKTPOCBA3SHL, No 5.
Onosnargme obpasos. Pammorexumwa, T. 14, Ne 3.

1960
KopupoBasme, ycToiiumBoe H0 OTHOIEHHIO K 3aMAPAHMIO (aBTH()SIHAH-
roBoe KOJMPOBAHME). JAEeKTpocBaAsb, Ne 4 (coBm. ¢ 3. JI. Baoxom).
O nemsoctm mudopmanmmu. CG6. «IIpoGmemmr xkmbepmermrmy, Ne 4.
DusMaTTH3.
O mpuENEmax DOCTPOEHWS IATAIOMUX MAMWH. Pagmorexumka, T. 15,
Ne 2.
Hexoroprie cBoficTBa cmCTeM CBA3M ¢ 3aMEpaHmeM. PaimOTeXHHKA,
T. 15, N¢ 9 (coBm. ¢ 3. JI. Buoxom).

O pasiuueHUH HENPEPHBEHX cHATHaX0B. Panmorexmmka, T. 15, No 10.

1962

AcmMOTOTHYECKEE BHPAaKeHHS CKOPOCTH Iepeads IPH BHICOKOX
HajexHOCTH. Pammorexmmka, T. 17, Ne 1.

Opma TeopeMa, OTHOCAMAACA K KOPPEKTHPYOIEM KofaM. Papmmo-
rexgmKa, T. 17, Ne 5.

IIpocToit BHBOX HWKHEH ONEHKA YHCIA IPOBEPOYHEIX CHEMBOJIOB
B CHCTEMAaTHYEeCKEX KOPPEKTHDPYIOIIEX KofaXx. Pagmorexmmka, 1. 17,
Ne 7.

[Tapasmrrad MomynAOmA, BH3KBaeMasdA Malod ANJUTHBHON IOMEXOH.
Panmorexmmxka, T. 17, Ne 11 (coBm. ¢ 3. JI. Bmoxom).
Urndopmanusa m Texmmka. Hommymmer, Ne 17.

OcuoBrl papgmorexmmkm. M., Ceaspmamar (2-e mag., 1963).

1963

O Buope mpM3HAKOB NpW MammEEOM omosHammd. Wss. AH CCCP,
Texmmueckas KumbepEeTmra, Ne 2.

HexoToprie Bo33peRHAs Ha MeXaHH3M TBOPIeCcKoro mpomecca. C6. «IIpo-
6neMn mepemasm mEQopMammm», N 14. Usg-so AH CCCP.

Bopsba ¢ nomexamu. @mamarrus (2-e usn., meopasa. «Havkar. 1965).



0O KOHEYHOM PYIOPE

1. Bompoc o KoHegHOM pymope, HECMOTPA Ha ero 6oJblloe 3HAYCHHE
IJIA TeXHHKH, OCBedlen B JmTeparype odenn ckyxuo. Iloce yerapemoi
u manoymoBiaerBopurensHod paboret Xamua u Coenmsana [1], BuBogm
KoTopo#l B ocnoBHOM moBropent Illtenue:xem [2], Bompoc o Komeamom
pymope oGcrositenbHo pasoGpan ammb B KHEre Hpampaama [3],
cofiepameil Bce INIaBHEeHIIAe II0JOKEHNA TEOPEE KOHETHOTO PYIOpa.
Urto Kacaercsa sKcmepUMEHTAIdbHHX pabor, To m3 HeGONABIOro YmCIa
ux Hambouee memmHoil sABiserca crarba Duemwrepca ! [4].

Iexso HacTOAMmMEH 3aMETKHE ABIAETCA COLOCTaBJIeHUE ofIMenpuHs-
TOU TEOpPHW HKCHOHEHIHAIBHOTO pynopa ¢ akcuepmmenToM Daenepca
IJA CYKIEHHA O TOM, B KaKOH Mepe KOHedHHE pymop NDoAmaeTcs
pacuaery.

2. CymecTByomas TeOPHs KOHEYHOT0 9KCIOHEHOUATBHOTO PyIopa
Gasmpyerca Ha Teopmm GeCKOHEYHOro pymopa, paspuroir Beberepom.
IlocaenHEAA, Kak E3BECTHO, OCHOBAHA HA LPEANOJIO0KEHNH, 9TO BOJHA
BHYTPH pyLOpa sBjsAeTCA IJIOCKOH; Teopusi sTa, TakmM obpasoM,
CBONHT 3aJa4y K ONHOMY H3MEPEeHHIO.

Hmxe caenyer cBogka ruaBmEe#inmX (OpPMYi 9TOH TEOPHH.

3aKkoH WBMEHEHHS CedeHHA pymopa

S = 8™, 1)

rae m — IOKAasaTelb; & — PAacCTOSHHUe 0T Hadaja; S, — HAYaIbHO®
cedeHwme.
AxycTmueckoe CONpOTUBJIEHEE GECKOileIHOr0 pymopa

zthh—I-]'X,,=pCS(V1 —<(:’—k)2 +]'%):PCS(RI;+]'X/:)’ (2)

rle p — IJOTHOCTb BOBLYXa, ¢ — CKOPOCTh 3BYKa B BOBYXe; ®, —
morpaHWYHAA YacToTa, pPaBHaA mc/2.
BxopmHoe COmpOTHBIEHHE PYyHOpa

5 =LEL = Ry X, =0eS, (R + XD =peSiz.  (3)

1 Qnrenmepc ABASAETCA KpyNHeimM 3HATOKOM pynopo. Ocraerca CoKaleTh
0 TOM, ¥TO OH IOYTH He IyGnAKyeT cBOZX palar.

2 A A XapkeBrd, T. | 17



BrixonHoe compoTmBieHHmE pymopa

PyS, . P ,

%2y = £ :Rz-}—]erzpcSz(Rg—{-]Xz):pCSzZz, (4)

roe Py, P, — paBieHds Ha BXo4e u BHXoAe; &, & — CKoOpocTm

Ha Bxoje A BHxofe; R, X (¢ COOTBETCTBYIOMAMHA HUHIEKCAMA) — AKTHB-
HHI€ ¥ DPEAKTUBHEE KOMIIOHEHTHI COMPOTHURBJIEHHA.

CoorHomerus MeXAy BeIWIAHAME Ha BXOJ€ H HA BHIXO[E pymopa

P, =emil2 [P2 (cos Bl — —%7" sin Bl) + & Tpi— sin Bl] , (5)

&= e”"/z[Eg(cos Bl + -g—: sin Bl) + jP, pT}{—h— sin Bl], (6)

rae | — gnmma pymopa; B=FkR,, k= o/c.
U3 gopmya (5) m (6) monyganoTes BHpAayKeHus A TABIEHHS B Bbl-
XOHOM CeYeHHH
e—ml/2
PPt g
<cos Bl — E sin Bl) + i =R sin Bl

pce“"”/2

—E
2 1
(cos Bl+Xh R' Rﬁ sin Gl)—l—] Rr sin Bl

©)

U3 rex xe dopmyn (O) m (6) monywaercs BHpaskemnme NI BXOJA-
HOTO CONPOTHBIEHHUA

X; 1
z5( cos Bl — = sin Bl ) + j 57 sin 81
2 Rj Ry 7 9)
1= X 1 :
cos pz+—ﬁ","— sin Bl + jzéT;' sin Bl

Brpaxag B mociaegHe# ¢opMyie 2z, dYepe3 ero KOMIOHEHTH CO-
raacEo (4), HAXOOMM A AKTHBHOM CciaraeMoi

1

R =R, 1 M R. 2
[cos Bl 4+ " (X} — X;) sin gz] + [TZ sin pz]

(10)

st peakTEBHOX KOMIOHEHTH HOJydaeM aHATOTHIHOE BEIPaKeHMe,
HO C OTHOCHTEIBHO CIOKHHM MHOTOYJIEHOM B THCJIHATEIE.

Yro KacaeTcss BEIXOJHOTO CONPOTHBIEHHA, TO AJS €ro OUpemee-
HEA HYKHO ObI0 OH 3Harh QopMy HCXOmANIe# M3 pymopa BOJHH.
Tax xar sTa 3agava IOKA HE PaspemleHa, TO OTHOCHTENBHO (OPMEL
BOJNHH B BHXOLHOM OTBEPCTHE PYIOpPa HOPHEXOTUTCHA [elJaTh Te WIH
EHHE, IO CYMECTBY OpOU3BOIbHKE, nonymenns. Tak, MoxHO mpef-
IOJIOKUTH BOJNHY NJOCKOH; aKYyCTHIECKOE CONPOTHBICHHE BHIXOLA
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OymeT B 5TOM CIlydae TAKHM :Ke, KAK y MJIOCKOTO KPYIJIoro MOpINHA,
TaKOro rKe pasMepa, Kak U BHIXO/HOE OTBepcTHE, T. €.

, Py, I, (Zkr‘,) Ry (2kry)

2= peS%E, T 1— +J 2krg  ? (11)

Tge r, — pagEyc BHXOZHOTO oTBepcrus; I, — Beccenesa dyuxmma
HepBOTO HMOPAZKa

2 X3 X5 X7
(Kl(x)z?'_B__:}‘z.s tmTET — )

Kpsmganan [3] mpeanaraer cumrath BHIXOJADYI0 ®W3 pyHOpa BOJHY
mapoBo# pagmyca r=1,18 r,.
B osrom cnysae Ml mmean Obl

k2r2 kr
e T T

5= (12)
Hwxe mpomssenensn HexoTOpHE HDOACYETH [Js pPEANbHOTO PYIOpa
co crefyomumu gapHME: S;=2,5 cu?; r;=0,89 cu; S,=4600 cn?;
r,=38 cm; 1=182 cm; m=0,0415; f,= 0, /2n110 ey.

9T [aHHHE COOTBETCTBYIOT HAHHKM pymopa, meuwranHoro Oren-
Jepcom.

3. Ilomcauraem npesxge BCETo 3aBUCHMOCTH BHXONHOTO [aBIeHHA
or gacrorsl mo gopmynam (7) = (8), moacraBuB z,’ BMeCTO ero sHadge-
uus w3 (12), T. e. mpeguonoKEB BONHY mapoBoi. CooTBercTBynInme

10
, )
a i 05
04 ’
02
Lyt : - / [ 3] 4 L fh

g L 1 o Ll
100 £ 130 150 200 250 300 Hz 100 150 200 250 300 Hz

Prc. 1 Prc. 2

KpPHBLIE 1 OpefcTaBieHH HA PHUC. 1, Ha KOTOPOM IO OCH OPAHHAT OTJIO~

’KeHH NpUBeJeHHnbe K eJUBUIe BeIUYUHH, T. €. g?; e (popmymna (7))

" P(Cl:é)) e™? (popmyna (8)). Kak BumuM W3 NONYYGEHHX KpHBHX,
JaBjieHyMe Ha BHIXOJe ecTh KodeOnomagcA (YHKOUA 9acTOTH, NpH-
yeM KoneOaHuA YOHBAXT C HNOBHIIEHHEM YaCTOTH.

3aMeTuM, 9TO KpEBafd, BHUHCIeHHasA 10 Popmyie (7), msobpaskaer
XapaKTePUCTHKY BHIXOJHOTO JAABJIEHHA OPA 32T aHHOM XaBJe-
HYE Ha BXOfie, a KpuBad, COOTBeTCTByomas (popmyne (8), — xa-

1 Bce KpHBHEe HOACYETAHH C TOYHOCTBI 25 cm CUETHOH JIMHeHKH.
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PAKTepHCTHUKY BHIXOJHOTO [aBJEHusi Ipu 3 aj a1 H 0 i CKopocTm
Ha Bxome. O6a oTH cIyYas ABIAITCA mpereabmEhMu. B pelicrBmrens-
HOCTH Ha BXONe DYIOpa HEMeeTCs IeKoTopasg KoleGiomascs Auma-
¢parma, obrajarmas KOHEIHEM MeXAHEIECKEM CONPOTHBICHEEM K
paboTaromas oGHIHO B pekuMe 3 a J A HHOM C X J B, IPAIOKER-
HO ® fmmadparme.

Torma mmeeMm

p—=—"r_. pee : (13)

\ql —f L3

14 1
wo ¥ 50 ¥ oz00 250 300 Hz

Puc. 4

@opmyaa (7) COOTBETCIBYeT CJy9al0 HYJEBOTO COIPOTHBIEHHA
nmadparme, dopMmyna (8) — caydaro GeckoHeIHO GOJIBIIOTO COUPO-
TABJICHHS.

4. OGpatumMesas K  KOMIOHEHTaM  BXOZHOTO  CONPOTHBJIEHHUA.
Ha pumc. 2 mocTpoers! rpaguKy Beex BXofamux B popmyry (9) Bemamuus.

O6muit xapaxkTep KpEBHX R, m X| HamoMmHaeT sKCHEpPEMEHTaJNb-
mre xpumBre Dremnepca, ofEako mpsAMoe comocTaBleHEme 06HAPY:HKA-
BaeT WX BeCcbMa OTZAJEHHOE CXOHCTBO. B aToM MOKHEO ybemmrhes
@3 puc. 3, Ha KOTOPOM BEIYHCIEHHKE KPHBHE CONOCTABIEHH ¢ DKCIe-
PHUMEHTAJIBHEMA 1.

Kax BmgHO, HE pacmoioskeHre MAKCAMYMOB I MUHAMYMOB, HE TeM
Golee rayOmHA WX HHECKOJBKO HE COBHAJAIOT.

Bosamkaer Bonpoc, He Jydmee I UPHOIMKEEAE TPEACTABAT KOLIY-
ImMeHWe IJIOCKOH BOJHEL Ha BEIXOTE.

a5 oTBETA HA HTOT BOOPOC HA PHC. 4 MOCTPOEHH ONHK JAMH aKTHB-

! Kpmsne (uergepca omyOIEKOBaHH B O4eHb MeJKOM MacmrTabe, a IOTOMY
BOCIIPOW3BEJEHHEE TOYKF PACIONOKEHH ¢ MOBOIBHO BHAYATEIHHEIMA OTHOCH-
TEJbHEIMA IIOrPEITHOCTAME.
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Hble KOMITOHEHTHI, Buuucaenisie mo Jopmyqe (1) opu yenosmax (11)
u (12), T. e. [IA DIOCKOH M MAapOBO BOJN N0 CPABHEHHUIO C DKCIEPH-
mentomM Dxerpepca. Hak sunmm, ycaosue (11) mpencrasaser coboi
HECKO/IbKO Jiyd4lllee, HO BCe 7Ke COBEPIIEHHO HeYI0BJIETBODHTEILHOE
npubam:KeHre K HaOM0JaeMbM B JEACTBHTENLHOCTH COOTHOINEHHAM.

5. BosHmKkaer Bompoc, HeAb3sA M 10 HKCIEDUMEHTAIbHEM KPABHM
BXOJQJHOTO CONDOTHBIEHHA CYQUTH O XapaKTepe BHXOJLHOTO
COIPOTHBIICHHAA.

Pacemorpum Bupamernwe (9). Ecam monoxmrs B HeM

Bl =n=, (14)

rre n=1, 2,3, ... 10 oxawerea z; = z,, a caefoBatelsno, R = R,;
X =X

Unage rosopsa, npu 9acTorax, onpepeiseMbx cootHomermeM (14),
aKTHBHblE W PEaKTHBHHE KOMIOOHEHTH BXONHOTO M BBIXOZHOLO CO-
TIDOTUBJIEHHH COOTBETCTBEHHO paB- ,
Hol, a rpadmEKW OTHX BeJWIWH AR
mMelor ob6mme ToukE. Takme obmme /2 %
TOYKE OTMeYeHH EHa pmc. 3; abe- ’
HHCCH WX BHYNCIAKTCA I0 PopMylie

f=VEFEER. (15 % Tl

i
/ —f !
Iloncrasass wmcioBHe 3HagueHmA, 2 A 4 , ),
HaXOMIM 100 150 200 300 350 Hz
f,=143, 212, 294, ... Prec 5

3amevaTenqBbHO, 9TO IPH KONYIEHUSX OOHYHOE TEODHE KpHBEHE
R, m X, W3MeHANTCA Me[JIeHHO II0 CPABHEHWIO ¢ KDHBHME R, m
X; mosToMy HeGOABIIOrO YWCIA TOYEK BIONHE JOCTATOYHO MNJA HX
oxapakrepmsoBaEma. Temeps scem cmoco6 oreckamma R, = X,
mo maBecTHRIM R; m X); Ha DOCIeOHEEX KPHBHX OTMEYAKTCA TOIKE
¢ abeomccamm (18), mocie wero aTm TOYKE COENUHANTCA IIABHOK
KpUBOiA.

Taxoe mocTpoenume BeimonueHo i KpuBnix Maermepca ma pme. 5,
Ha KOTOPOM HaHECEHHl TaK/Ke KPHBEIE, paccuATaHHse mo popmymnam (11)
m (12). 113 paccMoTpenma pUCYHKA BHAHA NPHYAHA PACXOKIEHHES TEO-
pUM ¥ SKCIEPEMEHTA; JErKOo TaKKe HOHATH, LOYeMY [OOyIIeHHe
IUIOCKOH BOJHH maeT aydmee npmOamikeume. Ho Bmecre ¢ Tem oue-
BUfHO, 9TO HA IO PpH MapoBOH, HA HOPH NAOCKON
dopme mcxonAmed W3 PymoOpa BOJHE HE MOKET AMETh MECTO TaKoe
CTpeMmTelbHOe BospacTamme R, & Takoe pe3koe wusMeHeHme X,
B mpefielaX PacCMATPHBAEMOr0 AWATA30HA 9YaCTOT.

6. /I3 m310/KeHHOTO BHTEKAT CIefyIOMde BHBOAH (0OCHOBAHHHE
Ha IDOJHOM JI0BePHE K skcnepuMerTy Diengepca): cymecTByOIMAA Teo-
pEA B JydYlieM Cliydae MOMeT [aTh KAa4eCTBEHHOE ONMCAHWE ABJIeHHI
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B KOHeYHOM pymope, HO HHKOUM o6pa30M HE MOKET HOCHY:KUThH [t
KOJMIECTBEHHOTO pacdera. Teopma TpebyeT KODEHHOTO HEpecMoOTpa.
Boamoxno, uro OGonee mexecoo6pa3HEIM OKaKeTCS OPAMEHEHWS
SMIOEPHIECKAX 3aBHECEMOCTed. Tak wiam mHade, HO OOMIMPHEIA & CUCTe=
MaTHIECKAH HKCIePAMEHT IPefCTaBIAETCA COBEPIIEHHO HE06X 0 AMEIM,
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0 CBA3M MEKIY I'EOMETPUYECKON @®OPMON
3BYKOBONl AHTEHHBI
N EE IEPEXOJHON ®YHKIHAEN

B onmoft m3 mpenmaymmx craTeél GO BRICKA3aHO JOBOJbHO o0mee
ImoJIoMeHne, Morymee OHTH MOJE3HHM HIPH ONpPEeJeNeHAR OepeXOoRHEIX
dyEKOEAE 3BYKOBHX aHTEHH IPOM3BONLHON KOEGUrypanma. ITO mOJIO-
sKeHme He GbUI0, OHAKO, Pa3BUTO [0 KOHIA X (OpMYJIHPOBAHO B [0-
cTaTo9HO oT4eTnEBOA dopme. Hmke clieqyer BRIBOJ yKa3aHHOIO HOJIO-
AeHEA B opMe TeOpeMHl, YCTaHABIMBAIMEH CBA3H MEKIY IeOMETPH-
gecko#i ¢opMo# 3ByKOBOH aH-
TeHEH H ee OepexomHod (ymE-
nuei.

Hasosem mepexommo# ¢yHK-
n#eil JaHHOM 3BYKOBOX AaHTEHHH
33aBHCHMOCTD OT BPEMEHH OTHO-
meHwus [JaBIeHASA, CO3KABAEMOTO
aHTeHHOH B yJaJleHHOH! TouKe A,
K 00BEeMHOHX CKODOCTH aHTeHHH
OpE W3MEeHEeHHHE NOCIefHeA mo
3aKk0HY u=u,(1).

IIpennonoxum AiuA Hadala, 9T0 0GBPMR~A CKOPOCTH (HAIPAIKEH-
HOCTB) U pacupefieleHa PaBHOMEPHO IO ONHO- HJIA ABYXMepHO# dopme
S (7. e. mo NEHAW WIH IIOCKOE QArype), Jexameid B IIOCKOCTH S.

Bubepem ma miockocta S TouRy O, mpoBemem mpamym OA m
CIPOEKTHPYEM 3Ty mpAMYyIH Ha miockocts S. Ilomydermas mpoermua
o6osmavena ab, yrom MeRny melo mw OA ects § (pHCYHOK).

IlepereceM BCe 3M€MEHTH HANPAKEHHOCTH aHTEHHH S HA OPAMYIO
ab mo mepUeHJUKYAAPAM, ONYIMEHHEIM HA 3Ty IPAMYH0. Takod mepe-
HOC He H3MEHHAT NeACTBHA 2J1eMeHTOB B Touke A, paccroanme ry=0A4
40 KOTOPOH IPeANoNaraeTcsi ROCTATOYHO GONBIIEM IO CPABHEHMHIO
¢ pasMepaMH AaHTEHHH.

B pesyiabraTe OepeHOCa NOJYYHM DSKBHUBAIEHTHYIO aHTeHHe S
OpAMONMHEAHYI0 aHTeHHY S’ ¢ HEPaBHOMEDHO pacHpefieleHHOE Ha-
OPAKEHEOCTHI0, PACHONI0KEEHYI0 BRoab npamoit ab. O6o3ragas Koop-
IWHEATY BOOAH 3TOH HpAMOE uwepes y, mMeeMm

f(y)dy =uds, M

rae f(y) ecTs pyEKnuA pacmpeneleHus HANpPAKEHHOCTA WO HKBHEBA-
NeHTHON mUpAMonmHe#HOX aHTeEHe S’/; U, =Uu/s — BaNpMHKEHAOCTH,
NPEXOAAMAsACA HA eWHMNY u3MepeHua S.
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Wz (1) mb1 mosywaem cpasy
as
Ty)=u,3;- (2)

Tepexonnan ¢pyuxnma h(f) mpsiMoamHeAHON HEIPEPHBHOA HeONHO-
POIHOA AHTOHHH MOKeT OBITH HONydeHA IIyTeM CYMMUDOBAHEA WM-
OyJAbCOB [ABIEHHs, HOXONAMEX B TOUKY A HOCIEfOBATENbHO OT pas-
AWYBHIX DJEMEHTOB aHTeHHH S’

Kaapit amemMenT anTeHHsl S’, paccMaTpUBAaeMHIA KAaK TOYETHBIA
HCTOYHHK, CO3TaeT B ToIKe A aBleHme

dp=*22_"_ (@) dy, 3)

4mtr
roge p — IUIOTHOCTL Cpenrl; 7 — pAacCTOAHUE OT J3HHOI'O JJIEeMEeHTa
L = )
10 A; D — oneparop Xesucaiiga; e ° — onepaTtop, YYUTHBAOIMAA

3amasfbiBaHUE [aBiesEs B A OTHOCHTENBbHO OGBEMHOM CKOPOCTH
aHTeHHH HAa BpeMsa mpobera paccrosuus r. [lociennee paBHO

r=r0—d=ro—ycos%,

roe d — PasHOCTH XOROB mJsA Touek y @ O.

WETerpmpoBaEde JOMIKHO DPACHPOCTPAHATHCA IO BCell MpAMOJE-
Heiigo# aHTeHHe S’, KpafiHHe TOYKE KOTOPOH, T. €. NPOEKTHE Ha ab
Kpa#HAX TOYeK aHTeHHH S, o6o3magensr gwepes a’ m b”. Taxum
o6pasoM, mepexofiHasa QYHKIASA BEHPaKaeTCA CIEAYOMeR oIepammoH-
HO# dopMyaoil:

—=r

1 D ¢
h="&=a‘gi“3 Fy)dy~

—ﬂr ¢ D
o —ycosd
pDe ¢ y
~ S. e f(y)dy. (%)
al
[na Bud@mCIeEWA 3TOTO HWHTerpana mepedineM k QYHKUIEAM Bpe-
mend. BsemeM o6o3HAYeHHA:

L=Y cos¥=o; icos%——-c-
¢ ! c b

a' ‘9 . )
—c_ COS v = 12, —c—-: TO,

HPOMG TOro, BOCHOJB3YyEeMCA H3BECTHHIMHE ONEPALUOHHKME COOTHOIIe-
HHAAMHA: eclId

(D)= F (1),
2%



o
eV f (D) = F (t + ),
Df (D)= F(t), [F()==0].
Ham momamofutcs ewmie u COOTBETCTBHe
LI | ,
rge 1 — cuMBoON enuHHYHON (GyHKUEE.
IIpumenaAs Bce OTH COOTHOICHWS M 3aMEHSS HEPEMEHHYIO 10 Pop-

MyJe
y = sc/cos B,

MOMKeM 3amnmcaTh IS LepexoaHoil Gyunxijmm
N N P
h(t+ )= ughnrg cos 9 di S 1 °f( coss)d“'
T
WUMesa B BULY, uTO
1 {0l-oo<t<—°],
T <t < ),
Hony4aem
¢
. d
h(t+ ) =h* (t) = ———— S;(T“;S.)da:

up4mry cos ¥ “dt
Tt

¢ ct [t1<t<12]
:{'uoénoso oS o j( cos%)[12<t<0°]} ' ©

Ionesysce (2), noay4ysM OKOHYATENHHO

. ] ds ct
W= Srmest @ |¥ = o579 (6)
Teopema Moker GHTH BHpayKeHa B clIeLyoImeil (GopMyTEpPOBKE:
nepexogHas QYHROEA B TOUKe A IJIA PACHOJOKEHHOR B IJIOCKOCTH
S anmremEH S DpomopHEOHEANbHA HpousBogHOE dS/dy, rme y — Koop-
I@HATA BOOJb NpPOEKOWE S Ha HampaBieHAe Ha TOUYKYy A ®3 Havajaa
xoopamuar O, OpmYeM B OKOHYATEIBHOM pesyJabTaTe KOOpAMHATA Y
BBIpa)kaeTcA gepes BpemA npobera 3BYKOBHM BO3MYIIeHHEM Pa3HOCTH
xomoB mo A wu3s touexk y m O.
Mpuwmep. [Iyers S npexcraBiser coloft OKPYKHOCTH pajuyca .
B arom cnyuae

H==—scosd=— B ==cosd=r;
dS = 2ada; y=asin a;
ds _ dS da d y 2

— = . —— =2¢— arcsin == ————
dy da dy dy a VI— (yja)
rie a — yrioBas KOOpAMHATA B INIOCKOCTH S.
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;
=—, nonydaem

V1~(—)

h*(t) = /mgrot V1—1——(t)3 .
—\*

[as mpuioseHmE Mo)KeT oKasaThca Golee ymoOHEIM MHOE Ompe-
JeJleHue IepPexXonHol QYyHKINY, a AMEHEHO: Ha30BeM IepeXoaHo yHK-
nmell aETeEHH S OTHONmIEHHE CO3[aBaeMOro €10 B YHaJeHHOM Touke A
OABIEHWA K [aBIEHWI0O, KOTOpPOEe HOJYImIOch OB B TOH JKe TOuKe,
ecan 661 B Hagase O O MOMEINEH TOYEYHEIH MCTOYHHK C HAIPSKeH-
HOCTBIO, PABHOM .HampsykeHHOCTE amTeHHH S. OmpemeneHHyH Ta-
KmM o0pasoM QyHRumio o6o3maguM OykBoit g. Ias ommEOYHOrO TO-
9eYHOT0 MCTOYHUKA

y ¢t
TlogcraBnsas T =755

=%

clefoBaTeNbHO,

D
uopD e—‘ T

0= T, '

mas aETeHHH S (cM. dopmyny (4))

’

D D
i =1y = 9
p= Dt =73 S go Vo f(y)dy.

47!)‘0
al
Hraxk,
b p b p
___11___1_ ycos& d ""'—S ycosst
=g -
al

AHallOTMYHO NpeTHAYIEeMY

4
‘1— dSG:—i- — T T T
p=|F1BO=FEO-sEIE <<

1 [ty <t << 0]
Jlerxo Bupmers, uTo BOOGmME
¢
4mrg cos $ *
g(t)——_-_.froT__ S k* (o) do.

T

[Mpumep. dna anTeHEH B dopMe OKDYKHOCTH MH HMeIH

dS =2ada, y=asina, a=arc sin—Z—.
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Takum oGpasom,

g(t)= -i—‘,l[arc sin é — arc sin (—~1)]=

:—%(arc sin ~t_—+—12t—> [t <r].

Mb oOrpaHHYMAMCH DOOKA DACCMOTPEHMEM AHTEHHBl MIOCKOR
¢opmrl. CoBepmieHHEO 09eBHINO, 9T0 0606menne Ha Cay9alt TpPOA3BOIH-
HOA DPOCTPAHCTBEHHOH (OPMEI He mpEACTABIAeT HAKAKHEX 3aTPyLHE-
gmit. Bce BhBemenmble (GOPMYJB COXPAHAIT CHAY: HI0CKOCTL S
OpOBOJETCA 4depe3 BHIOpaHHOE HAYaJ0 KOODAMHAT COBEPIIEHHO IpPO-
H3BOJIBHO.

Il pumep. Haiimem mepexonmyio ¢pyuxumio h* (f) ona aETeHHH
B Bme ceprmIecKodl moBepxHOCTH pafuyca R. Brbepem 1entp chepn
32 HAYAJNO0 KOODAHHAT. BBHAY DONHOH CHMMETPMM MOKeM IPOBECTH
wiockocTs S wepes Toukm O mw A; Toraa

$=0; cosd=1.

lanee
,=1=Rlc=—r; dS=2nR?cos ada; y = Rsin a,
dS o _po 1 o
—c-ly—__._,TCR COSG‘m—ZA.R.
Uraxk,

B () = g << <5,

T. €. mepexofHad QYHKIWA JJIA PAacCMATPEBAEMOro CJIydas €cThb IO-
CTOAHHAA BeJWYEHA B HHTEpBame (7, Tp).

CoorsercrBenno i ¢yERDEE g mo ¢opmynaaMm (7) moxydum
dS = 2= R? cos ada = 2rRdy = 2nRcds; S (6) = 2=Rcs;

gt =5ISO—S(—N=7(1 + %) pu [ <t <],

Ocraerca 0600muTh MOJTyYEHHBIE PE3YJIBTATHL HA CAyIail KaKOIo
YTOJHO HepaBHOMEDHOIO PAaCIpefleleHnsl HANPAKEHHOCTH 00 AHTCHHE
Opom3BONLHON KoHPurypanmm. B otom ciryzae BMecTo (1) MbI HOJMKHBL

3ammcaTh
fy)dy=e(8)dS, ©)

rae ¢ (S§) — ¢yukuma pacopepeleHEs HAOPAKEHHOCTH OO AHTEHHE
S, ¥ mofcTaBUTH BO BCe mocienyomue Brpaxenusa ¢(S)dS/dy Bmecro
usdS/dy. Takum obpasoM, Hanpumep, Bmecto (6) ME Gymem HMeTh
* _ P ﬁ . ct
W (t)= ugémty cos ¥ ?(S5) dy Y= osv"
Tocaegree cooTHOmMEHNE MO3BOJAET PENIATH 3a7aYy HAXOMKIEHHAA
nepexofiHof QYHKIOWE HJA KAKOTO YTOAHO BWAA AHTEHHSL.



JAOPAROAA PA3PBIBHON YIIPYTON BOJIHBI
OT NPAMOJMHENHOI'O KPAA
N OT KPYIJIOI'O OTBEPCTHA

Beepgenune. Hexoropsie fuppakumoHHEe 3aa9H, CIIPABEIJIABO OTHO-
CHAMEIE K 9HCAY TPYZHHIX B CIyIae CTAAOHADHOTO CHHYCOUZAIBHOTO
pe)xEMa, ¢ HEORHUJAHHOM IPOCTOTOH pPaspemanTca Oiad pPas3pLIBHOK
Bongk. [lofi paspuiBHOX BOXHOH MOHWMAeTca Takad BONHA, PPOHT
KOTOPOH XapaKTePU3YETCA PA3PHIBOM NaBICHUS WIU CKOpocTH. B gacr-
HOCTH, HWKE PACCMATPUBAETCA IJIOCKAA BOJHA, 33laHHASA CKOPOCTHIO,
H3MEHAIMENRCA [0 3aKOHY

U= UO']-J ‘¢
rae

0 [_oo<t<.§-]
1 [$<t <],

11:,’0 ==

Z — KOOPAHHATA BIOJb HAUPABIGHHA pACIPOCTPAHEHHA; € — CKO-
pocth pacupocrpaEenms $porTa. Boupocwm gudppaxmmm Gyayr pac-
CMaTpPHBATHCA C TOYKM 3penud npuEnuoa loirenca— Hupxroda
B OORYHOM NPENUONOKEHUH, 9TO B MJIOCKOCTM OTBEPCTUS 3KpPaHa
pacupenieseEre CKOPOCTeH 0CTAeTCA TAKUM K€, KAK M OPH OTCYTCTBUA
skpana. Hpome emuumynoit dymxumm 1 GymeM mONB30BATHCA TAKMKe
¢yrrnuer D1, momyckas, 9T0 TOCHETHASA MOKET PACCMATPUBATHCA
Kak OpoW3BOjHAA eguHwdHON (yHxmuum. PaccMorpeHHble HUKE MABe
33[[a9d COOTBETCTBYIT AupparmmonHoMy sapienmio Dpenmens, T. e.
CIy3al0 KOHETHOTO DACCTOSHHA [0 TOYKH HAOGNIOJeHHS.

Jdudparnna or npsaMoxmaeiitaoro kpaa. Ha pme. 1 msobpasen
Kpa#t moaymiaockoctu S. Bonma, Hecymas paspeB CKOPOCTH, IpH-
xopur caudy. lmerca naBnenue B Touke Habmomgenns A Kak QyHKOUA
BpeMeHE 4 KoopmwrHAT ToIku p ¥ 0. [{ng maxo)kmeHums sToro pesyisb-
Tara HY/KHO coriacHo npuanmny [olremca cymmmposars B 4 gaBie-
HEA, CO3faBaeMEle KOKIHM JIeMEHTOM OTKPHTOR NOJYIIOCKOCTH,
mojiaras, 4TO CKOpPOCTH B Hel 3amana m paBHA v=U,l. Onycrmm mep-
neERAKyAAp AO Ha S, IPOBENEM OKPY/KHOCTH IEPEMEHHOT0 Paguyca a.
Bce Toukm oxpykHOCTE paBHO OTCTOAT oT A; paccrosEme 0603Ha-
9eHO 9epes 7. JIeMeHT WIOMALM MOKeT GHTL mo3ToMY BHOpAaH B BHIE
LyrH

dS = 2Bada.
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Hasneuue, cospaBaesoe B TOIKE .1 LaAJBIM D.1EMEHTOM LIOLIANH,
paBHO

I
Odb —"

dp~— e ¢

PesynpTEpylolige napieune MoskeT ObiTh 110.1y4€HO HHTELPUPO:, ¢
HMEM TI0 I' B COOTBETCTBEHMbLIX Hpejenax.

T3

(D T G
p=— S —e ds.
Ty

ITo mocTpoenuio
rP=a?4-rg, ada =rdr, dS = 2prdr,
TaKuM 006pasoy,
T2 D R
)y
p=~2 BDe ° dr.

51

[epeiineM Kk QyHKUUAM BpemMesu, BBOAH 0003HAYCHHUH

. n __ .. ™ .
—_ =T, - =" TO’ T = T—-’Cz,

p ()= | BD1ds,

T

rae B paccMaTpuBaercs Kak (QYHKIUA t. 3aBHCHEMOCTH OT BPEMEHH
ompepenserca tem, 4ro gysxoma 1 ecrs ¢ymkmuA <t u ¢, OpmdeM
mocJefHee WIpaeT PoJb mapaMerpa. I’Imerpan JerKo 0epercs Ha OC-
HOBAHHEM (OPMYIH

2

f(x)y Dl de=f()(1:, — 1s,),

oy A

1

KOTOPYI0O HETPYAHO LIONYIUTh, LOAb3YACh HPABUIaMU AuddepeHIEpo-
BaHAA OUPeJENeHHOI'0 HHTErpaa.

BBopsi orHOomeHume JAaBJEeHHA K ODOH3BEJEHNHI0 0CU, B HA3BBasA
3TO OTHOINEHWE NepexomHol ¢(yHKMueH, mMeeM

T

ht)=280 =2 {8(c) Dt dr=2B(5) (s — 1s)-

pevo
B paccmarpusaemom cayyae 1, =T, ©,== 00, TaK YTO
1
h(t)=—B )1z,
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Jro pemenme crmpaBefnmBo Ias smadenmi — /2 < B < 0 (8 or-
CYUATHBACTCA IPOTHB 4acOBOHE CTPeNkH). [{nA MONOMHTETBHBIX 3HA-
wermit O ciemyeT HPMHATH BO BHEMAaHHe, 4TO [B== AJsA 3HaYeHHH
7y < t < T, Taxum 06pa3oM, OKOHYATENBHO MOKHO B3aIECATH HCKO-
Moe pellleHme B BHje CIefyiomed CHCTeMEl (opmyi:

0 [—oo <t < Ty
[=r2 <8O0 RO=) L) (7,<t< o]

0 [—Oo<t<'co] (1)
1 [re <t T

0<8<m2, k@)=,
2B [1,<t< ]

Ocraerca ompemenuts Bun ¢ynkmmn B (¢). Ms reoMerpuueckux
coorromenuit puc. 1 Haxozum
Ry sin 6

ﬂ — arc¢ cos _—m. (2)

Henst t wa Ryc u 3ameHsAd t Ha {, NONYINM

sin 6
= —_—_— 3
P () = aro cos V{t/To)2 — cos2 6 )

AN ANE R ]
g — 77
[T LS ¥ A
i ]
| !
1 2 J 4 § T
Puc. 1. Xadppaxnusa or kpas Pnc. 2. XapakTepuCcTHKN JaBIeHUA npu nudpaximn
or kpas (I—06=90; 2—30; 3—0; <4——30;
5 — —90°)

Ha puc. 2 mnocrpoenn mepexomusie (YHKUUM OIS pasIUYHEX
yrios B 3aBHcHMOCTH OT OedpasMepHoOro aprymenta t/T.

JMudpaxnms or xpyraoro orsepcrmsa. OTBepcTme mMeeT WEHTD
B Touke O m pagmyc R (pmc. 3). SnemenT miomanu BHOPaH TaK jKe,
KaK @ JJA Opefuaymed 3aiadm; pemieHue HMEeeT TaRyo ke PopMy;
pasHEIA 3aKIIYAETCH, BO-NEPBHX, B IPEIeNbHHX 3HAYCHWSX Hepe-
MEHHHX, BO-BTODHX, B Bufie yHKOuY B, B-TPETHHUX, B TOM, UTO peIle-
HEe 3aBUCHAT He TOJIBKO OT BPeMEHH U KOOPJMHAT, HO elje I OT pasMepa
oTBepcTHA.
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IIpemenbHble 3HAUCHUA OUPENENAOTCS TeM, HaAXONUTCH Ju IPOeK-
nus Toukn A B oTBepeTuE Wiu BHe ero. B mociegHeM ciydae mpejent
U3MeHeHUs [ OIpermeisioTcs HepaBeHCTBOM 7 < I < Ty, TAE

112_}=ng+ T2 —2T,Tsin0; ©=\T2+T2+2TT,sinb .

A P
pey
10
Ry “hel |8
0 rf % SN\
- 05 b 2NN N
= SN
R
0 vap ° 5 L
0
1o 1 €r 2
Puc. 3. AAQpakuds oOT KPYyrioro g
OTBepCTHA
5
Puc. 4 XapakTepHCTHKH JaBie- 0.5t #
HMA Opu JUPPAKIHE OT KDYIIOro L]
orseperusi (1 — 0 =90; 2 —60;
3—45; 4 —30° 5 —0) 0 772 (3 N
05 10 t/T 15

B nepBom caydae B= n jyia smaueHuit ¢, ae;xamux Mexny Ty um T,
aHaNOTMYHO Tpenunymemy. TaxuMm o6pasoM, pelieHHe BHIPaKaeTCs

dopmymamu
[—oo <t <1
B Im <t <<l

0
[Rysin8>R], h(t)==
0 [t < £ < 4],
0
1

[—o0 <t < T
[To<t<'t1]
[Rysin0 <RI, h(t)==B(t) [t <t <]
0 [ty <t < o]

Haa ¢yurnum B (f) u8 reoMeTpuyecKux COOTHOMIEHWA HAXONHM
aHAJOTMYHO NPeNHAYIIeMYy
(¢/T9)2 — (R/Ry)2 — cos 20 (4)

R
2sin 0 ]/ (’ﬂ') — cos2 0
Ipadurm nepexomnbix GyHKOuUil [y YIJIOB U [Jjif IBYX 3HAYCHUH

oraomenus R/R, mocrpoenn Ha puc. 4 (mis BepXHHX KPUBHX —
R/Ry=1, mmwxuux — R/R,=0,5).

B (¢) = arc cos
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* * *

1. Iepexons k pgudppaxumornoMy sBiesmio Dpaysrodepa, 1. e.
HAXOKJeHHe COOTHONIEHHA [JA CclydYas BecbMa YJaleHHOH TouRm
HabuIofeHds, HemocpeacTBeHHo w3 hopmyd (3) m (4) meypoGen. Ipome
IepPeMEeHATh KOOPAMHATEL WM BOCIOJIb30BATBCA CPasy oO0muMu ¢op-
MyJaMu, BEBeJeHHBIME B mpensiiymedt crathe. Ilas Kpyraoro orsep-
CTHA MOJIYYUM

_ pevg R . t 2
PO)=-55 mysmo V ! (Tosinﬁ)

B COOTBETCTBYIOMUX mpefenax. I'padurnm aToit QyEKINUE npH 3aKamHOM
6 mMmerT, 0YeBMIHO, BHA IONOBHUH HJIIHKICA, Malad IOJYOCh KOTOPOTO
mampasiesa mo ocm Bpemen. Ilpm 6=0 monysnmmmc Beiposkmaercs
B OPAMYI0 IHHHIO.

2. Ecnu ¢ponur pgudparmpyiomeir BOJHB oONpefesNeH pa3pHBOM
IABIEHHS, T. €. eClIH 3aTaHO N

pP= po'lx/c )

TO QYHKIUH, BHPA)KAIOIIAE JABIeHHe B TOYKe HAGIOXEHHA, IPOIOD-
[[AOHANBHE HHTETPAJNAM IO BPEMEHH OT BHIIENPHBENSHHHIX pelle-
HEA. ITO CAeLyeT M3 TOTO, 9TO MAJLIH HCTOYHMK CO3JAET HaBJeHHe,
OpONOPOEOHANBHOE IIPOA3BONHON 10 BPeMeHH 0T 06beMHOH CKOPOCTH.

3. Obpamaer Ha ce6s BHHMAaHHEe 3aMeYaTeJbHAA HPOCTOTA BCEX
BHBEJIeHHEHX (OpMya IO CPaBHEHHWIO ¢ OOMEH3BeCTHHIMH GopMylaMm
TS CTAEOHAPHOTO peykuMa. Pemenmio 3amagm 0 qudpakumm oT Kpas
BHpamaercd gepe3 maTerpansl Opemens; 1uPpakIMOHHEOE IOIE KpPYI-
JI0r0 OTBEPCTHA EMEET BEChMAa CIOKHO® BHPKeHHE Yepe3 IapOoBEHe H
OecceneBH QYHKOUM; Jake OTHOCHTENBHO MPOCTOM cilydai ¢payrro-
¢depoBoil EpaKkIEA OT KPYIIAOro OTBEPCTHA UMeeT PeIIeHAe, BH P asKe -
HOe uepe3 GecceleBy (YHKOUIO HEPBOTO WOPALKA, TOTAAa KaK Rus
OEePeXONHOTO PeKuMa pelieHHe BRIPAKAETCA Mlajke HE TPAHCIEHJEHT-
HOA (yHEKOHUeH, a mpocTHM pagmeaioM. OTCIOHa MOKHO 3aKIIOYHTH,
9TO pelleHme NAHHOTO THOA 3aad METOJOM mHTerpana [oamens cie-
AyeT IPeAIoYecTh pelleHMI0 MeToxoM mHTerpana @Dypse. ITo 3aKiII0-
9eHHe HMeeT 0Co00e 3HAIEHHE B AKYCTHKE.

4. Bce mpuBenenHEE DemeRWA ABIAOTCA NPHEOIMKEHHEIME, TaK
KAaK OCHOBaHH Ha DpuMeHeHmE npmEnuna llojirenca—HKupxroda.
Haxosxpgerne To9REX pemennit, EanpuMep B gyxe mueit 3ommepdenbaa
mam CoGosnera, He BXOQHUT, MOHATHO, B 3ajaTy 3Toi 3ameTku. Heobxo-
MEMO, OfHAKO, YKA3aTh, 9YTO HPUBENEHHHE (OPMYJIL SABIAKTCA TOI-
HEIMH pelIeHWAMY, €CIM OTHOCATH MX K 3aJadie 0 HoJjie, CO3aBaeMOM
DOPIIHEBHIM HanydareneM. Tak, mampmmep, dopmyns (3) m (4) mamor
TOYHOE DellleRMe 3aNadI@ O ONEIKHEM IOJie KPYrioi mopmiEeBO# Ama-
¢dparMu B GeckomedHOM SKpaHe. BHIBeJeHHHIE Ke B JPYro# CTAaThe
obmue GopMyIHl 1A mEPeXOTEHX GYRKITA IPOR3BOIBHOTO BAMA 3BY-
KOBHIX 8HTEHH MOT'YT DPacCMaTPUBATHCA KAaK pelleHHS COOTBETCTBEH-
HHX JrppakmEOHHHX 3afay no npmEOmny lioiremca—Kmpxroda.



IKBUBAJIEHTHBIE 3JIEKTPUYECKUE CXEMBI
IIPEOBPA3OBATEJIEN

BBenpenme. Bo MHOrux caydgasx He0GXOAEMO YMETh COCTAaBATh dJEK-
TPUIECKYIO SKBHUBAJEHTHYIO CXEMY DJIEKTPOMeXaHM4ecKoro mnpeobpa-
30BaTeJA-[IBATATENA, T. e. HpeobpasoBaTesis, IUTAEMOTO C BIEKTPH-
9eCKOHM CTODPOHEI M COBEPIIAIINEr0 MeXaHWIECKYH pabory.

B wactHOCTH, Takas meoGxooEMOCTH BO3HEKaeT, Korxa Tpebyercs
Ow.peflelluTh MeXaHWJeCcKHe HapaMeTpH M K. I. A. mpeobGpasoBarens
OO0 HM3MEePEeHHAM ero 3JIEKTPHIECKOr0 BXOJHOI'O COLPOTHBICHHA.

Uexoma m3 pocraTodno o6MEX NPESIOCHIOK, MHE PacCMOTPAM
9eTHpEe THOAa mpeobpasoBarteseil, MAPOKO OPAMEHAEMEIX B TEXHEKE:
3JICKTPOCTATHIECKUH, NbE303NEKTPHIECKHAN, MATHHTOCTPHKIMOHHKIT
¥ C TOXBU/KHBIM JKEJIe30M.

JJIEKTPOCTATUYECKHMII N DIHE303JEKTPHYECKHAN
NPEOBPA3OBATENH

Hcxopasie ypaBHeHHMs., YPaBHEHEAM Kak 3JEKTPOCTATHIECKOTO,
TaK ¥ Obe303JeKTPHUeCKOro mpeobpasoBaTeneir MoKeT GHTH mpAmaHA
ofHa m Ta ke ¢opMa JIEHeHHHX (IHHEAPH30BAHHHX) 3aBHCEMOCTER
MeKJy YeTHDHMA NepPeMeHHEIMH: Ha DJIeKTPHIECKOHX CTOPOHE — Ha-
upsoreEEeM V m 3apAfoM ¢, Ha MeXaHHYECKOH CTOpOHE — cuiod F
U CcMeIleHHeM U

V=cng+cu, F=cug + cou.

Benmaunsr c;, CymecTBEHHO NOJOMHTENbHEl; Cjo=Cy B CHIY TEO-
peMEl B3amMHOCTH. JIerko ompenenmTh CMEICA KpadamX KOd(pHImEH-
TOB ’
1

c '—‘V _
11.-q ll"—‘O—Cu’

rae C, — eMKOCTh IPH OTCYTCTBUM CMENIEHHS,

F
—_— =S

u |g=0 ¢

Coa =

€CTh YIPYTLOCTHh XOJOCTOr0 X0/a, T. €. IPH PA3OMKHYTOH dJeKTpi-
JecKOH IeUH.
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Uro kacaercsa B3aEMHHIX KO3()OUUMEHTOB, TO JUJIA IbE30DIEKTpH-
9ecKoro InpeoOpasoBaTeld

R 4 F
Cre=Ca =7~ =0 ¢

— = k.f.

910 CoOTHOmMEHWEe — ONHO H3 BO3MOMKHEIX ONPEeJEHUH IBe3o-
2JIeKTPHYECKOr0 KoaddmmmenTa.
Jas smekTpocTaTmIeckoro mpeobpasosaresns

C1a=Cy = E,

rge E, — moxspmayomee IOCTOAHHOE SJIEKTPHIECKOE HoJe.

[Ipexpe geM cocTaBaATH BHPAKEHHE [JIsi BHXOTHOTO CONPOTHBIE-
HHA, 3aMETHM, IT0 HaM IPe/loCcTaBlIeHa OTHOCUTeIbHO Gonblnas cBoboxa
Boi6opa. Mur Mosem BHIGpaTh B KadecTBe COGCTBEHHOTO mapaMeTpa
160 eMKOCTh IPH OTCYTCTBHE cMemeHHA C,, OmpeNeleHHY BHIIe,
am60 eMKocTh Cp OpE OTCYTCTBHE CHJIHL (T. €. KOTAA BHELIHME CHJIAI
He IPENATCTBYIT CMeMEHHI0 NOABUKHOA OGKJIAafK@); OO oUpenese-
HHIO

Cr=v F=0"

C mpyroit CTOpOHH, MH MOKEM BKJIIYATH COGCTBEHHYIO €MKOCTDH
au60o mocaexoBaTeNbHO, NEGO DAPANTeNbHO N0 OTHOIICHMIO K dJ1eMeH-
TaM CXeMH, OTO6paKAIIMUM MEeXaHHIECKYI peaknmio. TaxuM obpa-
30M, C 9TEMU BapPHANAAMA BO3MOKHEL YOTHIPE PA3JIUIHEE SKBHBAIEHT-
HHe cXeMH. JlIg ®WX DOCTPOeHHA BHOHWMEM 9JeTHPe aAeKBAaTHHX
dopME ypaBHEeHHl IBe303IEKTPHIECKOro mpeobpasoBaTeins:

V=goathfs,  F=kfo+su
¢g="CV — kyeu, F =keV 4 s,u;
V= a+hef, u= g+ 5 F;
q=CsV —kdF,  un=—kdV + ?17 F.

B st ypaBmemmA, KpoMe Ha3BaHHHX BHINe COGCTBEHHHX mapa-
METpPOB, BXOAHWT ellle yOPYILOoCTh KOPOTKOTO 3aMHKAHHUSA

s F
V7 u |r=0"

Benwanem f, e, g  d mpemcraBasoT cooi pasimIEEM 06pazoM
ompefieIeEHEE Ibe30IEKTPHIECKAe Ko9PPMIACHTH, a HMEHHO:

f=£| =% e__é, _c

T E b= D =0’ - § |[E=0" E |t=0’
_E & b o
== %l =T = Flw




rie E — smexrpmieckoe moie; D — cBoGonmbiit 3apsAn Ha eEHEIY
nosepxuocrda (D=D/4r; D — mHAYKIEA); o — MEXaHAYECKOe Ha-
npskennme; & — nedopmanua. Kospdunments k; mosBasioTcs B ypap-
penuax (1) mpu mepexope oT mepemeHHBEIX E| D, orntx HepeMeHHBIM
V, q, F n u. Otu Ko3pOUIMEHTH UMEIOT HYJIEeBYD pPa3MepHOCTh WIH
pasMepHOCTH [JIMHE; HX 3HAYEHHA 3aBHCAT OT YCTPoOHCTBA mpeobpa-
3oBaTensA. B ToM clyuae, HaODpuUMep, KOTAA HAOpABIEHHS 3NEKTpEYIE-
CKAX W MEXAHHYECKHX HOJeH coBmafaioT (KaK K oOHTHOM KBapUeBOR
INACTHHKE), /i ONHOPOAHHX AedopMaunmii k; IPHHAMAWT CJIELYIO-
m@e 3HAYEHHA:

By—hy=1;  ky=— ANl k= —

rne A — miomanb KPHUCTANINYECKOH IJIACTEHKE, [— ee TOJNMHHA.
B panbmefimem Mu coxpanmM obmume o6o3HagwenuA k,, ITo06H He orpa-
HUIMBATh ce6A YAaCTHRIME COOTHODICHUSIMH.

BxomHoe compoTHBIEHAE M SKBEBaleHTHbIe cXemunl. Bsesem ompe-
JeJeHde CONPOTHBIEHHA

Z=Y/i

1 3aMEeTHM, 49TO [OJIA CHAHYCOHJAJBHOI0 DeKHuMa

14 Vv |4
Y, = — = 1
12 i g Jeg® )
(Boobme swe rosopa, Z="V/pg, rme p — omeparop Xesucaiina.)
Teneps maiimem suaverua Z # 1/Z m3 xaxmod mape ypasmesmit (1).
MH moxygaeM COOTBETCTBEHHO

Z= gt @
7 =iCut B 3)
& = joCr + 7(;%—‘?%; . (5)

Bripamenua (2) u (4) COOTBETCTBYIOT JKBHBAJEGHTHHIM CXeMaM
C MOCIeIOBATEIBHEM BKIIUEHHEM eMKOCTH, a Bapaxcernud (3) u (5) —
cxeMaM ¢ mapanienbHEM BraodenmeM (pume. 1, a, 6). Yepes 3 o6osna-
geHa BHENHAS MEXaH YecKas Harpyska

y=F,

rage v=u=jou — KoaebareibHad CKOPOCTb.



Ha cxemax GyxBoi QN obos3HaucH KoadumueHT TpaHcdHopMamu
VCIOBHOIO H[EANBHOIO0 TPAHCHOPMATOPa; SKBHUBAJIEHTHLIC CONPOTHUB-
JIeHWS 3o U 3" UPHUBOJATCA K DJNERTPHUECKOH NENH YMIO)KEHHEeM Ha
KBajpar 3TOro Ko3pdumeHTa.

Amanorugso o6CTOMT HEI0 U JJIA BIIEKTPOCTATHYECKOro Hpeobpa-
30BATENA, E IJA HETO MbI MOKEM 3aIKCATh YeThIPe aJeKBATHLIEe HOPME
ypaBuermii (aHanormasnx ypasHemuam (1)). Hyxuo aume 3amenurs
B3auMHEHEe KOo3PPUuueHTH [0 ClefyoIle# cxeMe:

IIne30aeKTpryYeCK Uit ky koe ksg kqd
nmpeobpaaoBaTess
OJIeKTPOCTATHIBCKUH E, EC, Ey/sq EoC.lsy
npeoGpasoBaTeas
‘L—“'— ‘
c ¢ l c do
: 7 s 143 1 7 J

Puc. 1
2

Bce atm pesymbTarsl MOTYT GHITH CBEEHH B CJeAyoMYo0 Tabammy
mapaMerpoB cxeM pmc. 1, a u 6:

N
Sxemd | @opuyma |  © 7 Pl
obe303J1. BJIEKTPOCT.
@) Cy juls, 1/3 k,flo Eyfw
¢ (4) Cp seljo 3 kg Eofs,
(3) C, SV/j"’ & koe EoC,
o (5) CF jwlsy 1/3 U.)k4d U)E()Cu/sv

PaccmarpmBasg Tabniumy, MEL CKIOHHH CPa3y OTKA3aThCS OT TAKUX
CHCTEM SKBHBAJEGHTHHIX IIaPaMETPOB, B KOTOpPHE BXONAT 3aBHCAMIEE
oT gacTorH KoaddunuenTrr Tpancopmanumn. Takum obpasoM, M ocTa-
HaBJIMBAaeMcs Ha BTOPOX W TPETHEH CTPOKAX Tabaumer, KoTophe 06a-
JAIOT eIle W TeM IPemMYMIECTBOM, 9TO MEeXAHMIeCKHE COLPOTUBIEHUA
BXONAT B 3JIEKTPHIECKEE HKBHBAJEHTH B BUIE OPAMEX, a He 00par-
HHX BeJIHYHH.

B pesyasrate ME coxpaEseM Ha BHOOD [BE OKBHUBAJEHTHEE
CXeMH: ¢ IOCJeJOBaTeNbHHM BRIIOUeHUueM eMrocTu Cr (BTOpas CTPOKA
rabamas, gopMyna (4)) @ ¢ mapanTeIbHEM BKIIOYeHHEM eMKocTH C,
[Tperps cTpoka, dopmyiua (3)]. Her muraxux gopmMambHHX 0CHOBAHER
IpefunovecTh OJHY 43 CXeM APYToH.
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O6o0wmenne Ha ciaygail paboTH MeKIYy ABYMsA CONPOTHBICHHAMH.
B mpepmmymem moppasymeBanoch, 9To oiHa obkiaaika npeo6pasosa-
Telds OONBHKHA, W ee CMemenme 0003maganoch depes u; Bropas
o6xyaKa OpPERNoJaranach HemONBH/KHOH. JTO PaBHOCHILIHO TOMY,
9ro BTOpas OOKIanKa OPEMKHYTAa K GeCKOHeTHo GOTBIIOMY MeXaHu-
9eCKOMY CONPOTHBIIEHHIO.

Mexny TeM Ha mpaKTHKe BCTpedaeTcd caydait, korja o6e obkaa1ku
HaTPYXeHH KOHeYHHMHE H, BOOOIIe rOBODPA, HEOMMHAKOBLIME MEXaHU-

/

H / g—l@‘ -"—[I]_? H
1| kif -‘lg}- Fi g hee |32 ! Q Iy
g el @ |5, 5% ﬁf L e fv’r % R b ket |55

/
A YU
o
Q whd :r [dj, g

R

Puc. 2

9eCKAMU CONpPOTHBIEHHAMHU 4; H 3,. B aTom ciayuae, ozeBuauo, obe
0GRIATKE MOI'YT ABUraThcsA. Takoro poja CHCTEMY MOKHO PacCMAaTpH-
BaTh Kak TPexXCTOpoHHEE npeobpasoBaTedb, MiIf KOTOporo, ob6o3Ha-
qad uERexcamz 1 u 2 mepeMeHHBle, OTHOCAUECA K JBYM OOKIaIKaM,
MOKEM COCTaBUThH CJefyII@e ypaBHEHHA:

V =cng + e + ¢13u,,

Fy=cpq + Coglty + Coglty,

Fy= ¢y + Caalty + Cy3lls,
rme ¢ =1/C,; C3==C33=C3y=C3=5; C13=C13=Cy=Cy=Fk;f (0603Ha-
9eHmA npekHme). [1ocTynas aHaJorUIHO OpefHIYIIeMYy, T. €. COCTa-
BIAA YETHIPE CHCTEMH ypasmenwuit, B kotopux V, ¢, F, u; mnoogepesHo

MEHSIIOTCA MeCTaMU (HY3KHO IIPH 9TOM IOMHUTD, 9T0 F, =F,; u=u,+u,),
HAXO[uM C/Jefylollue BhHIPasKeHHs [ BXOJIHOTO CONDOTUBIEHHA:

— 1 (klf/‘”)?' 6
j(DC,; sq.lju’ + B2 (3 + bl) ! ( ))

1. (pe)?
Z Jol,+ syfio + %82/ (31 + 32)° @
1 (k3g)?
Z= joCp © Jofsg+ 13 +1/3 " ©
1. (wkyd)?
‘Z——]‘”CF—}— jolsy + 15413 " (9)
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9TE weThIpe BHPAKEHHS MHTETPUPYIOTCA UYETHIPHMA Pa3TEIHEIMA
PKBEBAJGHTHHMHE CX6MaMH, @300paKeHHHME Ha p@c. 2 (a—z2).

Jlerko BmAeTH, 9TO €CJIE IOJOKHETH j; MIH 4, PABHHME OeCKoHeq-
HOCTH, TO CXeMbl PAC. 2 IepeHnyT B cxeMmH pmc. 1.

Hcxomsa m3 Tex e coobpaskeH®Wil, 9TO W PAaHBINE, MH IPERNOYH-
TaeM [IA IPAKTHIECKOr0 HCIOIL30BAHMAS CXEMH 6 1 6 puc. 2 [popmyms
(7) = (8)1.

OGo0menne BolpakeHHA A1 MEXaHMYECKAX mapamMeTpos. M moxa-
rajm IO CEX IOp, 4T0 COOCTBEHHEE MeXaHWYeCKHe IIapaMeTDH Ipe-
ofpasoBaTens MOTLYT GHTH NPENCTABIEHEl IACTOR YHPYTOCTBIO. ITO
DONyINeHAe ABIASTCA JNUIIb MePBHM NPHEOIAKEHTEM.

Ecam 3ammcaTh, BampmMep, BTOpYI0 mapy ypaBreHm# (1) B Bmpe

i=joC,V — kyev, F =k, eV + 2,0,
T0 B ofmeM ciyuae
Zgo = —jowA ctg kl — (kye)?/joC,.
Pasnoxenue ctg B pag no crenemam kI maer
2y =—jod (G —g b+ ... )~
CoxpaBasa TONBKO IEePBEIA dleH, MONLYIUM

~ 1 1 (ke)2\__ v
Zyg =t —(1 — "= J=—
Jo 5oCy jo
910 W ecTs mepBoe NpUGIMKeHHe, KOTOPHM MEl IOIB30BATUCE.
Cnenyromee npubimKeHne YIUTHBAET MHEPTHI0 KPHACTAILIHIECKOTO

CIIOA:
S
~ V 7 m
In =gy + Jo—g,

rge m=pAl — moNHAsA Macca CIOA.

Hax mepBoe, Tax ® BTOpoe HPHONEKEHAsA NPeRNOIaraiT, dTO
kl €1, 1. e. aro Hanpsioxesusa u fgedopManuy OfHOPOLHLI, KaK IPH
CTAaTHYECKOA medopMamuu.

Jlaa Goxee ofmero ciaygass paGOTH MEXKAY ABYMs OPOH3BOIBHHIMEA
CONPOTHBJIEEAAMA YpPaBHEHAA TPEXCTOPOHHEro mpeobpasoBarend
MOTYT OHITH 3aIHCAHH B BHIE

i=2z2,V — 210, — 2,0,
Fy=20V + 201 + 23303,
Fy=125V + 290 + 250,
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KoadpuumenTH 3THX ypPaBHEHHN HMEWT CJeAylomie 3HATCHHEA:

2, = JoC,, 219 =213 == 29, = 2y = Kyt
Zgp = Zgy = —jwA ctg kl — (k,e)?/juC,,

. 1 ,
Zgy = 2gp = —J0A 7 — (kse)?/JoC,.

Jas mepBoro mpubImKeHdAs MbI EMeeM
Bgg = Zg3 = Zyy = Z3o = S, ]
Huag BTOporo mpubimxeHAA
29y = Zg3 = S, [jo + jom/3, 2y = Zyy = §;[jo — jom[6.

BxopHas mpOBOAEMOCTH A BTOPOrOo IPHOIMKEHHA BHPaKaeTcs
dopmyaoi
5
% = joC, 4+ — Cpel?
v .om 1
Jo Tt q
JomZ 47 T jem2 ¥ %

Jroii dopMyae COOTBETCTBYeT IKBHBAJEHTHAS cxeMa pHC. 2, 4,
Ha KOTOPOH# IOABJAITCA MAcChl, PAaBHRE IQJOBHHE IIONHOM MacCh
caA0sd, BKINYEHHKE IIOCHETOBATENBHO ¢ KAKIHM H3 COOPOTHBICHUA
2, ¥ Z,, ¥ OTPUNATeIbHAA MAacca, paBHAA /¢ HOMHOA MACCH , BRIIOICHHAA
IOCJIET0BATEIbHO € YOPYTHM COOPOTHBIEHHEM CJIOS.

CxeMa Broporo Opubimxesnsa puc. 2,  yIETHBAEeT HHEPIEIO CIOSA,
B 9eM U COCTOMT ee IpPeAMYINecTBO Iepe] CXeMO# IepBoro mpmbmmike-
HHA pHUC. 2, 6, TPAKTYIOMEH KPHECTALT, KaK YUCTYO yopyrocTs. Ilpax-
TH9eCKoe 3HAUeHHe TAKOr0 YCOBEPIIEHCTBOBAHHA CXEMH CTAHOBHTCH
OYEBHAHKM, €CIE pacCMOTPeTh, HamPHEMEp, CAydad, KOIKa OXHO H3
BHENIHAX COIPOTHBICHEA PaBHO HyAW (T. 6. KOTZa, HampEMep, KPH-
CTAIAYECKH CJIOM OPHMEIKAET OTHOZ IIOBEPXHOCTBI0O K BOZe, a APY-
roift — x Bosmyxy). U3 cxemur pmc. 2, 6 ciegyer, IT0 B 9TOM CIydIae
KPHCTAJJI BOBce He OyMeT W3iydarsh B BOAy, TaK KaK MOBEPXHOCTH €ro,
OPUMEIKAOMAA K BOJe, OCTAHETCA HENONBH/KHOA. JTO HEBEDHO; KpH-
cTaxa 6ymer, Tak CKasaTh, omuparbea HA cobcTBeEEyI0 Maccy. Cxema
puc. 2, 0 BOCCTAHABIZBAST ECTHHY; YMCIEHHBIA DacueT DOKa3HBaeT,
9T0 M3JAYYeHHMe B paccMaTpUBaeMoM ciydae Oyjer HeMHOTHM MEHBIIE,
9eM AJA CHMMETPHYHO NOTPYKEHHOrO KPHUCTAJLIA.

MATHUTOCTPUKIIUOHHBIA IPEOBPA3OBATEJ/Ib
N TIPEOBPA3OBATEJDL C IOABHKHBLIM KEJIE30M

Hcxommmie ypapmenns. HasBammmne mpeofGpaszoBaTelqm CIOKEHES,
TAK KAaK B Ka)KIOM M3 HEX LOPOHCXOJHT ABYKDaTHoe IpeobpasoBaHmE
PHEPTHA: H3 BIEKTPWIECKOX B MAUHATHYIO, & 3aTeM M3 MATHETHOX
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B MeXaHHUeCKyo (Ml IPEMEM TaKyl0 TPAKTOBKY H3 METOXHIECKHX
coofpaykenmii, He BHABagCh B JHCKYCCHIO O UPHEPONE DPa3IMIHBIX

BH/[OB DHEPTHAHN). .
Ilna nepsoro 3BeHa mpeo6pasoBaHusA, T. €. SIEKTPOMATHATHOTO,

MBI MOJKEM 3a0HCaTh
V=Zoi—nd, M=ni+ i, (10)

rae V — manpsaxenue; { — TOK; M — MarHUTOABIUKYIMAA CHTIA (BHIpa-
JKeHHAS B a0CONIOTHHX 3JeKTPOMATHUTHHX eJUHMIaX CHIR TOKa,

T. e. B eJWHHNAX, B 4m pas Gonbmux, 4eM spcTefs), @ — npousBoA-

Hafg MATHATHOI'O NMOTOKa II0 BpPeMeHH, Z@Z‘——l—- 45_0—-' 9JIeKTPUYECKOe

CONpOTHUBIIEHUE NPU HeU3MeHHOM IOTOKeE, T. €. aKTHBHOe COIpPOTHUB-
JeEne OOMOTKH NIIOC COIpOTUBJI€HUE MHIAYKTHBHOCTH DpaccedHnud,

R.=-M.- — MaTHUTHOE CONPOTHBJIEHHE NPK OTCYTCTBUM TOKA, T. €.

* §=0
Opu PasOMKHYTOH 31eKTPUYECKOH Iemu.
VpaBHeHMAM 3J1eKTPOMArHUTHOLO 3BeHa MOTYT OHTH NPUAAHH

eme clefymomue TpH (QOPMH:

V== Zyi—nil M, d=—nliit Lou; 1)
=L V4o M= v+ g (12)
Zp Zp T Zg jo
j— n e JEE N U TP )
l—-—Z;V—}-—ZTD-' RV M, D= Zo RVV+RV M. (13)
14 M
3nece Z”=E o’ R":5 po> TPHIEM MEHIY BCGMH YeTHPBMA

COOGCTBEHHRIMU nmapaMeTpaMu CYmeCTBYKWOT cJaeAyoiiue 3aBUCUMOCTH.

Ry/R,=Zy|Zo =1+ };‘*’;: —1 4 joLy/Lo,

rae Ly=n?R, ectb MHLYKTHBHOCTH XONOCTOr0 XOfa. TakuM oGpa-
soM, opg M =0, T. e. IpH OTCYTCTBUM BHEMHEr0 MArHATHOLO CO-
OpPOTUBJICGHUA, JJIEKTPAYECKOE CONPOTUBJIEHVNE PAaBHO

ZM_—-‘Z@—l-ju)L .

Hduas Broporo 3sema, T. e. NJA 3BeHA MArHATOMEXAaHHYECKOTO
opeo6pasoBaHEd, MH mMeeM (IoCHe JEHeapH3anumm) B oGImeM Bupie

M= cy®+ ey, F=cu® 4+ cop, (14)

rge F — cmia; v — CKOPOCTh.
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MarHETOCTPEKUHOHEDIH mpeoGpasoBaTens. [l MarHEATOCTPHK-

UOHHOTO IpeobpasoBarena koap¢mnmenTn ypasmenus (14) mmeior
caeqyomue 3HATCHHAA:

¢ = R,/jo; Cop = Soo/j®; €10 = g = kyy/jo.
M
3necy R,=— & |,., — MATHHTHO® CONPOTHBICHHE NP HeNOABUHON

Sg F
(3aTopMmokenHO}l) MeXaHMUecKo# dTacTH, Jo =7 s 0—-006cmenuoe

MeXaHHYecKoe COMpPOTHBJIEHIle UPH I[OCTOAHHOM MArHATHOM MOTOKe
B IpeJNOIOKeHWH, 9TO OHO HMeeT YMCTO ynpyruii xapakrep (sTo
[pPeANOJOoKeHNe OTHOCHTCA K CIYYar OAHOPORHHX gedopmanuii; 0606-
HieHWe HA CJIyYail BONHOBOTO pacmpejienenus xedopmauuil nenaercs,
Kak yxasano Bume). [lanee,

Y= o= o’

Ifié 4 — CMEIEeHHe; Y — OJHH U3 MaTHATOCTPEKIMOHEHX Ko3ddrnmen-
T0B; k; — GespasMepHHZ Ko3pPEIEEHT, 3aBHCAMME OT ycTpoHcTBa
mpeo6pasoBaTe.

Bo3MOMHK clleqyIOI#e JeTHpe ONPENeNeHEs MATHETOCTDPHKIEOH-
HHX K03Q(HIHeHTOB:

(OH3E), = (30/0B), =1, —(8BJok) ;= (8c/0H), =3,  (15)
(9H|00), = —(3E/0B), =a,  —(0B/dc), = —(04/3H), =B,

rie H — marEmTHOe moie (B eJMHENAX, B4m pas Goxbmumx, dem
rayccsl); B — HEAyKOEA; o© — MeXaHEJECKOe HaIpskeEme; § —
medopmanmsa. Ilpm mepexofe myTeM HHTETPHPOBAHMA OT 3THX mepe-
MeHHHX K mepemerHsM M, @, F u u moasiawTcesa KoaddunmenTH k,,
4 geTHpe QopMH, afexBaTHEe (14), MOryT 6HTH 3aNHCAHE [JIA Mar-
HHETOCTPHKIEOHHOr0 IpeofpasoBaTens B BHJE

: s
M—_—%(D-l-%}'—v, F=21l¢ 4 2y, (16)
cﬁ:%M—kzau, F_—_k28M+—sj%v, (17
M=%q§+k3ap, V=— 3aq>+s"—:F, (18)
‘D=§—‘; — jok 8F, v=—jmk4BM—}—£—:— . (19)

Ipz ommopoxuHXx nefopManmuaAX ¥ COBOAAAMIIMX MATHHTHHX X
MeXaEMIeCKEX pasmepax (T. e., HaOpmMep, AJs OPOROIBHO MATHHTO-
crpuknmonHoro oddexra B CTepKEE), KAk M pambme, k=k,=1;
ky=A/l; ky=UA. .
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Jas oguoit m3 Gosree pacnpocTPaHeRHBIX KOHCTPYKTHBHHX GopM —
KOJbIa pagmyca r, COBepINAIINEro pagualbHbe Kojnebamma, ecam F
B U 03HAYalT PafHalbHEIE CHAIY U CKOPOCTB,

k1=2ﬁ, kzzA/r, k3=7‘/A, IL‘4= 1/211,

rge A — mIomank mONEepPeYHOTO CedeHHA KOJbIA.
CoGcrBennre mapaMerpsl ypasuenmit (16)—(19) umeror caegyio-

mye 3Ha9eHUA: Rv:E _,~~ MrBUTHO® CONpOTHBIIGHNe HENONBIIK-
v

HOro npeoGpa3oBatels; Ry— MarEuTHOE CONpPOTHBIEHWE CBOGOIHOTO
npeoGpasoBaTend, T. €. NPH OTCYICTBUA BHEIIHEr0 MeXaHHIECKOro
CONPOTUBIEHUS; Sy — YOPYrocTs npm M =0,

b M@ Fv  Mexngy oTaMm DapaMeTpaM# CyMIECTBYeT
p 2 J 3aBUCHMOCTH

= }}_I_’__i.li___ 1 — (k17)?

Pac. 3 R, s Reso

MarEZTOCTPEKIOHELe KOHCTAHTH CBSABAHH COOTHONIGHHAME
=1, a=¢/Es B=1i/Ex,

The o= p/4m; (., — MaTEMTHAA NPOHMNAEMOCTH HeJe(OPMUPYIOMEro
o6pasna; Ep m Eg— COOTBETCTBEHHO MOJYJH YUPYTOCTH HPH HOCTOAH-
HOM MEYKOUE ¥ DOCTOSHHOM IIOIe.

ME mofoi#iieM K MATEDECYIINEMY HAC BOIPOCY O BXOXHOM COMPO-
TEBIGHEA JJIEeKTPOMEXaHWIeCKOIo mpeobpasoBarens, paccMaTpumBas
BXOJHOE BJIEKTPHIECKOe COLPOTHBJIEHME IIePBOro (3JEKTPOMarHmT-
HOT0) 3BEHA, HATDPYKEHHONO BXOJHEIM MATHATHHIM COUPOTHBIEHHEM
BTOpPOro (MarENTOMEXaHHIECKOTO 3BEHA), B CBOX 0dYepelb HarPYIKeH-
HOTO TeM WX HHEM MeXaEudecKmM couporuBienneM (puc. 3). M3 ypas-
mermit (10)—(13) Ms momydaeM dYeTHpe PA3NMIHBIX BHPAXKEHHA A
BXOJHOTO  9JEKTPHYECKOTO  CONPOTHBJIEHHA IEKTPOMAarHHTHOTO
3BEHA:

|4 n?

T=2="2o t g TR (20)
— (on/R,)?

2= "2+ R T ot &

1 —_ 1 (nlz@)z (22)

7~ Zy Ryjjo+ Rfjw’

11 (en[ZgRy)?

T =75 jelR; T joIR (23)
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B COOTBCTCTBEHHO U3 ypaBHemmi (16)—(19) saa marmuTomexamirae-
CKOr'0 3BEHa

%_: jo va +s:/117u{:_5 (24)
o @)
Ml et (26)
i’? :]m Iw/(s(j;ﬁ s 27

ABanormiHO IpeNHAyMmeMy, MH OCTABABIEBAeM CBOM BHGop Ha
TeX BHPQKEHHAX MIJA CONPOTUBIEHHH, B KOTOPHX KoadpduumenTt
npeo6pa30OBaHMA HE 3aBUCHT OT IACTOTH. ITOMY YCIOBHIO YIOBIETBO-
pAloT aag mepBoro 3BeHa Bupakenua (20) m (22), a mas BToporo —
(25) = (26). PaccmarpuBaa gopmyay (22), ME 3amedaeM, 9TO OHA Tpe-
6yer BBefleHEA OTPHUIATEIBHHX CONDOTHBIEHUA (WIH MHHAMOTLO K03(-
¢unuenta npeobpasoBaHEA), dYTO, OIEBHAHO, HeymnoOHo. Ilosromy
Iadg mepBoro 3BeHa MH BbiOepeM ¢opmyay (20), B xoropoit koaddm-
QEeHT npeo6pasoBaHEA BHIDAKAETCA IPOCTO Yepe3 UYUCIO BHTKOB.

Ilpesxne weM mpuCTynmTh K COYETAHHI0 0GOWMX 3BEHBLEB, HYKHO
Pa3BACHATH OXHO 0GCcTOATENbCTBO. [leo B ToM, 970 Kak B GopMyinl
(20)—(23), Tax u B popmynn (24)—(27) BXxoxHT COGCTBEHHOE MATHHT-
Hoe comporuBiexme. lIpm coegmmEenmm 060EX BBEHBEB OHO BOMET
BB, 9TO0 IPOTMBOPEYUT CMEICHY Bemeid. [lisg moidydemmsa mpa-
BHJIBHOTO Pe3ynbraTa HY)KHO (PAKTHYECKH HMEWIIEEcs COOCTBEHHOE
MArHATHOE COOPOTHMBJICHME AUOO0 OTHECTH LOJHOCTHIO K ONHOMY 3BEHY
(T. €. MOMOKUTH ero paBHKM HYJI BO BTOPOM 3BeHe), Iub0 K [pyromy,
au6o Tak WIE HEAYE PpACHpeNeNdTh MeKAy 3BeEbAMm. M3 sroro,
MeKIy IpOYAM, CIAEHYeT, 9TO €CIH BHPAKeHHS AN COMPOTHBICHWMA
BHOpaHH Tag, YTO B IEDPBOM 3BEHE, HANPHEMEep, COOCTBEHHOE MATHUT-
HOe CONPOTHBIEHUE CKIAMKIBACTCH C BHEITHAM, 3 BO BTOPOM, HAIPOTHB,
CKJIANBIBATCA MATHUTHHE IPOBOJWMOCTH, TO TAKHe BEPAXKEHHA
HEIIOCPEICTBEHHO c0YeTaTh Heab3s. 1loaTomy, ecam Mu BuGpand fas
nmepBOro 3BeHA BHIpaskeHWe Aiag compormBieHds mo (20), To m3 mBYX
dopmyn (25) m (26) mAA CoOpOTHBIEHHWA BTOPOIO 3BEHA MHL MOMKEM
BOCIOJb30BAThCA TONBKO Bropoii. TakmM obpasoM, 3agada moaydaer
eMECTBEHHOE DEIIeHHe, W MEL EMEeM JIJA BXOAEOI0 COIPOTHBJIEHHA
nmpeobpasoBaressa B IeJOM

n2 _ n2
I=Zo+ gy —tet g G
i Jo[sg +1/3
1
=Zo+ (rlnl®_° (28)

UioLo + 5575 F 173
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Hy:xno sameTnTs, 9T0 MH B3ALU
M
Ry=R,=Rr=—

D |imF=0’
T. €. MATHATHOE CONPOTHUBIEHUE ONPE/EeNeH0 C OLHOBPEMEHHRM COGII0-
negmeM obomx ycaoBmit: i=0 n F=0.

Qopmyna (28) coorBeTCTByeT OSKBHBANEHTHOA cxeMe puc. 4.
Mexanmaeckne COOPOTHBIEHWS BXONAT B BHAe OOpDATHHX BeIHYHH.
Msil HACTONBKO TNPHUBHKIA K TAKOLO POJA COOTHOMIEHUAM NPHUMEHH-
TEJIBHO XOTA OH K 3JIEKTPOJWHAMHIeCKOMY mpeobpasoBaTento (mis
xoroporo Z =2, (BL)*/(3; + 3)), 9T0 emBa 1M MOKHO DPacLeHUBATH

3TO 06CTOATEIHCTBO KAK HENOCTATOK BHI-
- OparHHOll SKBUBANIEHTHON CXEMEL,

Zp ksa | 42 )1 Hano samermrs, uro BerrepBope
7 Jolo n So U7 Cmuc B cBoelt paGoTe, MOCBAMEHHON BKBR-
BAJIEHTHOH CXeMe MATHHUTOCTPHKIHOHHOTO
Pue. & mpeoOpasoBareisa, NpHBOIAT (cumras ee,

BH/IIMO, HHCTBEHHO BO3MOYKHOM) CXeMy,
KOTOpasg MoeT OHTH molydeHa Kombumanumedr dopmyn (20) m (24).
B sT0it cxeMe MexaHWYeCKWE CONPOTHBIEHUA XOTA W BXOOAT B BHIe
OpAMHX BeINYdH, HO KoaddmnmenT mpeoGpaszoBaHms pasedH k;y/ on.

IlpeoGpasoBaTens ¢ mONBHKHEIM jkene3oMm. [las mpeobpasosarens
¢ OOJBU/KHEIM JKe/le30M HMeeM YpaBHeHHUA

R, » B By
M=].—w—d7—|—7°v, F=j—£(D—|-3®v, (29)
&="Te M —3Lv, F=§—°M_3Mv, (30)
M_——@+]£° F, v= _-]% b+ = F (31)
p— 1o Bo = _ 5o __1_
S=gM+gnF,  v=—gLMtoF (3
upmieM Rp/R, =3, /3, = — 1Bj/joRz3,.

3necs B,— HadanbHAA HHAYKOUA, §o ¥ 3, — CobCTBeHHEIe MeXaHH-

YeCKHe COIPOTHBIEHWsI OPH NOCTOAHHOM IOTOKE M HOCTOSHHOM
Marg@TONBIKYINEH CHIIe.
U3 ypasmenmit (29)—(32) maxommm:

()
8(13 +3’

(Bo/R,)
+ 3 +a (34)

R __ 'RF (Bo/wpg)?
ff“l‘?—%wi/a’ (39)
_Jo _ (BolRoyy)?

R TRy s+ 13"

Fo °+ (33)

(36)
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3dpech Mbl HATAlIKMBaeMcA Ha 3aTPYAHEHHE: MH He MOYKEM OONo-
6parb m3 popmya (20)—(23) n (33) —(36) komGuranmw, yRoBIETBOPAIO-
myn namnM TpeGoBammaM. Pasnmdme mo cpaBneEmIo ¢ mpembIAymEM
CIyd9aeM COCTOUT B TOM, 9TO, B TO BPEMA KaK MLI BBEJH LIS MArHETO-
CTPUKIHOHHOTO Ipeo6pazoBaTeNs B KadecTBe COGCTBEHHOIO COMPO-
THBIEHHA YHOPYTOCTh, IJsI Npeofpas3oBaTess ¢ MOIBH/KHEIM Ke1e30M
MBI BBOJHM HEKOTODOE COIPOTHBIEIHHE §, KOTOPOe MOKeT OHTh KaKmM
YLOJEHO.

M= BeBEYXAEHE HOCTYHaTh Tak. J[e10 B TOM, 9T0 MarHHTOCTPHK-
NUOHHEEY 3QeKT mpoaBasieTcd BHYTPH Telda B (Gopme B3amMOCBABH
BENMINH MEXAHWYIECKEX W MATHUTHBIX; BO3[eHCTBHE yKe MATHHTHBIX

£ Zp ng_(f) 34, 3 Ip %’ ;Si ;

et o Jwlgp |™ |/

Pre. 5 Puc. 6

CHJI HAa AKOPH SJEKTPOMATHUTA NPOABJIAETCS BHE MAaTHHETHOHR Iemm,
U MeXaHWIECKHe CBOMCTBA STKOPS HUKAK HE yYacTBYIOT B XapaKTepH-
cruke sBiaeHusi. I10sToMy ®m weThipe pasNMIHLIX ONPEACICHHA KOdP-
punmenra npeobpasosarens B (29)—(36) HepaBHOmEHHH, Tak Kak
HEKOTOpPHE W3 HEX COJep:KaT COOCTBEHHBIe MeXaHHIECKHE CONPOTHB-
IeHOA, T. €. BHPayKeHH IePe3 KOHCTPYKTHBHEIE IAPAMETPH, HE XapaK-
Tepu3yoOIEe Mpeobpa3oBaTeab Kak TakoBoi. M Moram Ou, KoHeTHO,
HCKYCCTBEHHO HOPUBECTH PAaCCMAaTPHBAEMHE Caydail K mpegHaymeMmy,
OTHEJAHB YyOPYTYI0 COCTABASIONIYI0 CONPOTHBICHHS M HA3BaB ee CO6-
CTBEHHHBIM COIPOTHBIICHHEM, M OTHECH BCE OCTAJBHOE K BHENHeH Mexa-
HEEYecKkoi Harpyske. OmEako Taxkod (opmManbEHHA, ¢usmaeckm Gec-
cofep KaTeNbHEIA IIPUeM HAC He MOKeT yRosiaerBopmTh. Iloaromy mMm
moifjleM HA BBENEHHE JACTOTHO-3aBHCHMHX K03QPmnuenToB mpeobpa-
30BAHMA W IOCTPOEM BHIPaKeHWE NJsA CONPOTHBIEHHUS, KOMOHHEADPYSA
(20) = (33), .

Z=Zo+ 1/joLo + (Boinw)?/(3p +3) ®
31ech MOJ0MKEHO

@7

L,=n}R, R,=R,=R,
@opmyne (37) cooTBETCTBYET OKBHBAJEHTHAA CXeMa pHC. O.
3aMeTEM, 4TO B 3Ty CXeMy MeXaHWIeCKHe CONPOTHBICHHA BXONAT
B Bmie npsaMux senmamH. CxeMy ¢ aHANOTHIHEIME CBOHCTBAME MHI
MOKeM, IIOHATHO, DOAYIMTh ® JI18 MarEETOCTPUKIEOHHOIO mpeobpa-
soBareins, memoipsya (20) m (24), d9ro paer ’
1
E=20 1 Ty
f_“’-l—o 3¢/f‘°+3

7 okBmBaNeHTHYI cxemy Berrepsopca m Cmmca (pmc. 6).




OB YCTONYMBOCTHA IIPEOBPA30BATEJEN

Maxpockonmueckass Tteopma unpeoGpasoBaresiell, pasBHBaeMas wu3
o6muX SHEpPreTHYeCKHX COOTHOIICHH, MO3BOJNAET CHETaTh HEKOTOPhIE
MOCTATOYHO YHEBEDPCANBHEIE BBHIBOTB II0 IIOBONY YCTORYHBOCTHE Ipe-
obpasoBaTeinei.

O6mpue coorromenns. V3 BHpakeHHA 1A MOTeHNZAIBHON 5HEp-
THM CHCTeMH C JIBYMs CTemeHAMHA CEOGOIEI

1
C= 5 (cray? + cony3) + Croti¥s

mnonydaeM AupdepeHNEPOBAHEEM IO 0GOGMIEHHBLIM IEpPEeMeIeHAAM Y,

aC oC

i et La! + caala =&y = Cn¥1 + Coslfs, 1)
rfie Z, — 000GIIEHREIe CHIIE; ¢;p=Cy H BCE C,;, CYMECTBEHHO IOJOMKM-
TenbEH. Mu masmBaem ¢;, xosddmumenrom mpeofpasoBamms, a ¢
’ ¢y — cobcTBeHHHME K03(punmenTamu iy mapamerpamu. U3 ypae-
meHnd (1) mmeeM
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el B 29

2]

(2)

Moxuo BBecTm mpyroe onpefeneEme COGCTBEHHHX IIapaMeTpPoB,
a EMEHHO
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Her ocmopammit nmpemouecrs opmo ms ompepenemmii (2) mim 3
APYroMy — OHH COBEpIIEHHO DPaBHONEHHH. HeTpymiEO monydYmTsh 3
ypasrermd (1) caepmyromme coorHomenms:
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Beanunum d;, Tarxe cymecTBeHHO nonoxurensss. [Toatomy gomxno
OHTH

A>0, 4,>0, C11Cgg > C1ola1- 6)]

HepasenctBo (5) @ BBIpa)kaeT YCIOBHE YCTOWYHABOCTH B 06mEM
smge. ¥

Ham ny:kHO Temepb BHIACHUTH QHU3MIECKEH CMBICH STOTO COOTHO-
menms TPAMEHHTONBHO K PARY KOHBKDETHHIX ciyuaeB. OkasnBaercs,
9T0 CMEICH IPEefeNbHOTO HEPaBEHCTBA (D) pasimuen AJd PasAEIHKX
CHCTEM: B OHHX OH CBOJWTCHA K BBANMOCBASH BHOMHUX KOHCTDPYKTHB-
BHX (aKTOPOB, B JAPYTEX — K COOTHOLIEHHAM MOJEKYJIAPHHX CHI
H B TPETHHEX — K COOTHONIEHWAM TeX MM MHHKX CTATHCTHIOCKHX
BeJIM9HH.

daerTpocTaTAYECKAM NpeodpazoBaTenb. PaccMoTpmM 3ideKTpocTa-
THYeCKHH npeobpasoBaTenb, COBEPIIAIINHANA IPe0Gpa3oBaEHe 3IEKTPH-
9ecKoi sHEPrHE B MeXaHWIECKyH m obparmo. OH mpeacraBiaser
co600 KOHNEHCATOp, OOHA ¥3 O JafoK KOTOPOro HENONBEYKHA.
CucreMa HelmHEHHA, AN JXHEAPH3ANWH HAKIATHBAETCA IOCTOSHHOE
3JMIEKTPAYECKOE IIONE &,.

YpaBnenus NTEHEAPU30BAHHOH CHCTEMH HMEIOT BH

1
U= c? + ety F=eg+spu, (6)
roe U m ¢ — manpsoxeHme ¥ 3apAn; F B U — CHAJIA H CMeNeHHe.
' _ g
C" - U lu-O

eCTh eMKOCTh OPH OTCYTCTBAM CMEINeHHA,
F

S, 2

g=0

ecTh yOpYrocTh IPHE OTCYTCTBHE 3apafa. Peus mmeT o mepememHEIX
COCTABJIANINAX HA3BAHHHX BeIHYHH, TaK 9T0 ycioBHe ¢=0 BHpakaeT
peKEM XO0JO0CTOTO XOfa (pa3oMKHYTO# @enu) Ha BIEKTPHAYECKOM CTO-
pome.

Mo ¢opmyse (5), B KOTOPYI HY/KHO WOACTABHTH AJAA KAHHOTO
crydas

Cpp = 'l/Cu, 622284, C1p == Cqy == ¢y,
mosydaeM YCIOBHe YCTOHIMBOCTH
Sg g2
> ™
Pas6epeum oToT pesynsTar monpobree. CyTh ena CBOXATCH K TOMY,
910 HAPALY C CHIAMH, KOTODHE 3aBHCAT OT HOJIOMKEHAS X 05y CI0BICHH

yIpPYTOCTHIO, AMEIOTCA CHIIEL, KOTOPHE TAKHe 3aBHCAT OT HOJNOKEHHAR,
HO 00yC/IOBIEHH NOHAEPOMOTOPHHM [eiCTBHEM. Mosxr0 roBopHTH
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06 ynpyrocTs 5IeKTPHIECKOTO HOJA. YIPYrocTh 3Ta OTPHI[aTeNdbla,
T. e. 00yCJOBIGHHKE IOJIEM CHJH, BOSHHKAIOMMUE NP CMEIMeHuy
0OKIa[ KX, CTPEMATCA HE BEPHYTH €€ B UCXOTHOE MONOKeHHE (KaK CHIL
MEeXaHWIEeCKOM ynpyrocrm), a, HAOPOTHUB, YBECTH ee eIle Jajbuie.
HaiinemM Beqm9IMHY OTPHIATENbUON yopyroctw, 00yCIOBIEHHOHR diek-
TPUYECKHM ToJeM. MBI mMeeM 1A CAJIH IPUTAHEHUA

AU?
—
7 8rd2?
rne A — muomane; U — HampsiskeHme; d=u,+U — OepeMeiHoe pac-
cTOAHEE MEXIY OOKIagKaMum.

HaijineM OpPOH3BONHYI0 CHIH IO CMEMIEHHIO

' oF _ AU?
du 4m (ug+u)d*
Monommm w=0. Torma

s’ = <£> =—C,g, )

ou Ju=0

¥, CHeJ0BaTeJbHO, YCIOBHE YCTOHUABOCTE upmoOperaeT mOpPOCTO
cMuca: npm 2=0, T. e. B HAYaIBHOM LOJOKEHNAH, JOTKHEO GHITH

s, > |

B mpormBEOM ciaydae mopBm:kHAA oOkmazka Oyaer npmTAHyTA
K HEOOMBHYKHOM.

IlpeoGpasoBaTenp ¢ MOABHKHBIM :Kele30M. AHAJIOTHYEEE COOTHO-
MeEnA IOJY9alnoTCd U IJIA MarHUTOMEXAaHHYECKOTo ImpeobpasoBaTelsa
¢ HDOABEKHHM jxeixe3oM. Ero ypasHeHma mmerT Bmp !

M=R®+ Bu, F=BD+sy. ©

\

L3
* M
3pece R,=z| — MArEETHOe CONDOTHEIEHHE 3aTOPMOIKEHHOIO

z=0

F
npeo6pasoBaTens, T. e. IPA HEMOABIIKHOM SIKOPE; S = T |0 — YEPV-
TOCTH IPH PA3OMKEYTOH MATHHTHOH Nemd. '

VYenoBme ycTORIHMBOCTH:
.
2
R, sy > Bj. (10)

! 3BespouKaMU OTMEUGHH BEMYMHE, eNEHHHe HA 4T, T. 6. BEDaKOHHHE B efh-
HATAX, B 4T pas Goneg Kpymasx, weM CGSM; MarmuTEas mIpOHEIaEMOCTH
BO3OyXa paBHA B 9TOi cmcTeMe 4.
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HOCTyHaH AHAJOTHUIHO l'IpCIU)UIYIILCMy, HaxonmMm OTpHIATENbHYIO
yOpyrocte MarHmTHOIO IOJIA
B4 @2 M b iF B2
e T —— D e — —_—— =Y
r 8w 84 ¢ R A ug - u ou S R,’ (1 l)
t+ 41{{1 !

TaK 49TO lIOJ[yqaeM, Kak n Bbul[e, yCJIOBHO
Sp > |.

IlsesosnerTprueckuil mpeoGpasoBatens. B [ByX paccMOTPeHHBIX
npeo06pa3oBaTeNAX MH MOKeM YODaBJIATH KoaddmmmeRToM mpeobpa-
30BaHHA HB3BHE, HE BIAAA IOPH OTOM Ha COGCTBEHHBIE TapaMeTpH Ipe-
oGpa3oBaTend. ITO HAaeT HAM BO3MO;KHOCTH, H3MeHASA COOTHOMEHHHA,
npuiitTe k Hapymermio yciaosus (5). Coepmenno muade oberout meo
IJ1s1 IIBe303JeKTpmIecKoro mpeobpasoBarensa. Ero ypaBueHEA mMeIOT
clefyrmuit BHA:

V=datki,  Fehfgtsu, (12)

rge f — Dbe30dJIeKTPAYECKass KOHCTAHTA; k; — KO3(PHI[HEHT, 3aBH-
cAmuyi oT KOECTPYKImA. [[ng Bamux neneil yro0Hee BOCHONb30BATHCA
MECTHHMH YDaBHEHHAME B opme

s:é—i-ﬁ-l-f&, 5=fD+EDE; (13)

Ile & — BICKTPEIECKoe moxe; L — IOBEPXHOCTHAA IUIOTHOCTH CBO-
Gonmoro sapasa (D=D/4r, D — MHAYKOEA); ©— MEXaHHYEeCKoe
Hanpsoxenme; § — edopManua; e, — [HBIEKTPHIECKAs IPOHHIae-
MOCTBH NpU OTCYTCTBHE AedopMmaund; Ep— MOAYIs ynpyrocra xoso-
croro xoxa. Ilo ¢opmyne (5) ycmoBme paBHOBecHS HNpEHHMAaeT A
LaHHOTO CIydas BHT

Eple. > f2. (14)

Bce Tpu BeqWYMHL, BXOJAIMTE B 9TO HEPABEHCTBO, SABASAITCH KOH-
CTAHTAMHI KPHECTAJINA: MBI 1€ MOKEeM II0 CBOEMY YCMOTDEHHIO UAMEHATh
EX mHAde, Kak B3gB Apyroil kpmeraui. [loaTomy Ml He MoskeM, H3-
MEHsIA OJHY M3 KOHCTAHT HEe3aBECHMO OT APYTHUX, OPHATH K HAPYIIEHHIO
ycaoBms paBHOBecHA. ITO yCIOBHe B JIAHHOM CIy9ae mMeer dusmae-
CKHUH CMBICH, CYIECTBEHHO OTIMYHLIA OT CMHIC]IAa COOTHOIIEHHMH, pac-
cMoTpenEHXx Brime. VmernHo, HepaBeHcTBO (14) BHIpaskaer ycioBme
YCTOMYABOCTE KPHCTAIIMIECKOHR DEIIeTHH.

s BHsACHeHHs HOAPOGHOCTEH MEI OMKEL ORIm GBI MCCITIET0BATH
COOTHOIIEHHE CHI, NEACTBYIOMUX MEKAY SJAEMEeHTAMH peilerku. IJTo,
Kak @3BECTHO, HEJIErKas ¥ 10 CHX IOp He pedleHHas 3ajaia. TeMm Goiee
NpEMedaTeNnbHO, 9TO MAKPOCKONMYECKAs Teopus, WUCHOPMPYOmAsd
MOJIEKYNAPHO-PUBHIECKYI0 CTOPOHY [leJla, MOKeT NPHBECTH K BIOJHE
OleeJIGJIeHHLIM u 6eOCHOpﬂbIM pesyapraTtaM BpOJeé HEpPaBeHCTBA.

4 A A XapkeBud, T. | 49



MarHuTOCTPUKIEOHHDbIA npeodpazoBarensb. MarEuTOCTPHKIOH-
HHiH npeoGpasoBarenb ecTh IpeobpasoBaTelnh MarHHTOMEXaHHYe-
ckuii. Ero MecTHHC ypaBHeHHA UMEIOT clefyiomuit Bupj (mocie Jume-
apusanum):

ﬁ:ﬁiB-{—yE, o =1B + Eif, (15)
3

*
rae H — margmrogsmaymas cuia (H=H/4r); B — uugyrumsa; p, —
MarsuTHAA IPOHHIAEMOCTH NPU OTCYTCTBHE HedopMaunmu; Ep — mo-
AyAb YOPYTOCTH OPHE PA3OMKHYTOH IIeNN; Y — MATHUTOCTPUKIMOHHAS
KOHCTaHTa. YCJIOBHE YCTOMYHBOCTE WMMeeT BHL:

Ep .
E‘>T~ (16)
3

9To0 BHIpaKEHHE AHATOrWIHO WO GopMe W IO CMHICIHY dopmye
(14). Opmako miA TMONMKPHCTAJIMIECKOTO Teja KOHCTAHTH OUpefe-
JIAIOTCA B CPENHEM; TAK)Ke B CPeIHEM HAJ0 MOHHMAaTh I ycixoBme (16).

TepmoMexaamuecknii npeodpazosarenb. JlmHeapwsoBaHERIM ypas-
HEHHAM TePMONMHAMAKY HEaJbHOTO ra3a MOKET GHTH IphgaHa Cie-
oyomaa dopMmas

p T
p—_———IV%OV-I-c—:’S, Tz_g_:VJrc_:S, (17)

rae p, V, T m S — cooTBeTCTBEHEO NPUPAMEHAA [aBIeHAA, 00beMa,
TeMIepaTypi W YHTPOIMM, OTCYATAHHEE OT HAYANLHHX 3HAYeHM,
0603Ha9CHEEX TeMH ke OYKBaME C HYJIHKaMO; C, — TEIIOEMKOCTb
IpH MOCTOARHOM 00BeMe; Y=c,/c,. 3HAK MEEYC Nepej| NepBHMHA We-
HaME B IIPaBHX JaCcTAX B OTJIHYHe OT 3HAKOB ypaBmenmii (1) mocrasien
OOTOMY, 9YTO B TEPMOJUHAMAKE IPHAHATO CIATATH HONOKHATEbHEBM IPH-
pamenme, yBejgmumBaiomee o6veM: mosToMy pdV mpepcraBiuger coboi
sJeMenT paboTH rasa, a He BHEIIHEI0 MCTOYHHKA CHJLI, TAK 4TO 3ie-
MeHT BHYTpPeHHe#l DHEDTHEM UHWIIeTCa B BHE

dC=7TdS — pdV

910 06CTOATENBCTBO, HOHEATHO, He MeIaeT HaM IOJb30BATHCH He-
paseHcTBOM (D), B KOTOPOEe HYKHO HOACTABHTEH aGCOMIOTHHE B3HATe-
HAA K03)PAOMEHTOB.

Vcaosme ycroifamocT: (9) maeT cpasy TPHBHAJBHHA pe3yIbTarT:
OHO CBOJHUTCA K YTBED/KREHHIO, 9TO TEIIOEMKOCTEH €CTh IIONOKHTENb-
Hag BeJmizAa. Hugero Zpyroro B JAaHHOM CIydae MEL He MOTJIHE OKI-
JaTh, TaK KaK TePMOJUHAMHYECKHe YDaBHEHHUA IIPENCTABIAIT coboH
CTATHCTHYECKOEe OIMCAHWE 3aBEOMO YCTOHYMBEIX COCTOSHII.

Yucaennnit npmmep. VETepecEO mOCMOTpeTs, Kak gajeKm co-
OTHOIIEHHS MapaMeTPOB YHOTPeCHTeNsHEIX NBe30KPHCTAIIIOB OT IIpe-
TeNBHEX.

Ina weapma E=8,5-10% e=4,5; f=1,33.105.
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[penensuoe 3HAYCHHE
fo=VEE =154 . 108,

rax aro f/f,=0,087.

st cerHeToBO# comm, Koropas paforTaeT Ha c;KaTHe @ BHpE3aHa
moj, pAaBHBEIMH yriaMd KO BCeM KpPHCTaJIorpadudeckumM ocAM,
E=5,1-10% e=65; f=6,8-10% IIpepenrmoe 3nauernme f,=3,15-105.
Ormomenue f/f, moaydaercs Gounsme, yem Aasa kBapna, — f/f,=0,216.

Takmm o0pasoM, 3HAYEHHS [IhE309JIEKTPHIECKOH KOHCTAHTH He
TaK YK [JAJEeKH OT IPefielbHEX, W, BO BCAKOM Clydiae, HEJNb3A OKH-
[aTh, 4T0 Korga-ambo 6yner Ha@jen KpucTay ¢ 6aCHOCIOBHEIM Ibe30-
5bdeKTOM, CYIIECTBEHHO NPEBOCXOAINMM Y;Ke H3BECTHHIE.
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TEOPHS IIPEOBPA30BATEJEN

IIPENUCJIOBUE

Mo:kHo 6e3 mpeyBeauUYEHHSI CKas3aTh, YTO Npeobpa3oBaHWE JSHEPLEH
ABJIAETCA OCHOBOM TexnmKu. Ho pesr mEeT HPE 3TOM HE TOJBKO
06 smeprermre. He Tonbko guHamMoMamusaa npeoOpasyerT MeXaHmde-
CKYI0 DHEPTHUI0 B BIEKTPAIECKYH, HO I MAKDPOQPOH, U TpaMMoPOHHBIH
B3BYKOCHEMATEJb, i 3JeKTpHYecKuli Bubpomerp, I ceiicmorpad, u MHO-
rage gpyrue npmGopsl fuas maMepenus Kouxebanmid. He ToabKo aiext-
POMOTOD TpeoGpasyeT 3JIEKTPUYECKYI0 DHEPTHI0O B MEXAHWIECKYIO, HO
m Tele)O0H, I'POMKOTOBOPHUTENH U BCAKUE 3HIEKTPOUIMEPUTEIHHLIN
npubop, U MEOTOYHUCIEIIHHE pele.

Tarum o6pasomM, npeofpasoBanyve sHePruM JIEKUT B OCHOBE [ei-
cTBHS pasHooOpasmedmumx mpubopoB, MPUMEHSEMBIX B Takumx o6ia-
CTAX, KAK BIEKTPOMETpPHA, AaBTOMATUKA M TeJeMeXaHWKAa, 3IEKTPO-
CBf3b, DHIEKTPOAKYCTHKA, BuOPOMETPHA M MHOTHE ADYIHE OTPACIE
COBPEMEHHOH TeXHUKH.

CoBpemennas TeHAeHIUS B o6iacTu npuGoOpPOCTPOEHEST XapaKTePH-
3yercs IMUPOKUM HCHOIH30BAHMEM, HAPSAY C HaBHO H XOPOMO OC-
BOGHHHKIMHZ SBIEHHAMHA 3JIEKTPOMATHUTHON WHAYKIHA H DJIEKTPOAUHA-
MHE9EeCKOTO B3aMMOTEHCTBHUA, TAKKe W 00jee CIOKHKX W MEHee H3Y-
9YeHHHX FBJIEHHH, BPOjie MATHATOCTPHUKOUA UM HHE303IeKTPHICCKOTO
adoerra.

HleiicTBre Bcex npmbOpOB, MpefHABHAYCHHEX [JIA mpeobpasosanus
SHEPruZE W3 OJHOTO BuWAa B APYrod M HA3HBAEMHX B JaibHedmem
KPaTRO Opeo0pasoBaTelNsMu, MOKOMTCA HAa HEROTOPHX OOMEX OpHH-
Uumax, Bpoje 3aKoHA COXPAaHEHHA »Heprum. [pyrmM o6muM mpmALE-
oM, IMEIOMIEM B TaHHOM 001acT 0coboe 3HaYeHne, ABIACTCHA MPHHIAL
B3AEMHOCTH.

Bosuuraer Bo3MoXHOCTH BHHECTH, TaK CKA3aTh, 32 CKOOKY 00mMy0
TeopuI0 NpeobpaszoBarelell, He KOHKDPETWSHPYS [0 HEKOTOPOTO 3Talla
(U3AIECROTO CONEP/KaHMA ee BEIBONOB.

Wsznosxenme Taxo# ofmel Teopmm mpejCcTaBiferca meaecoobpas-
HEIM TIOTOMY, 9TO Pa3BUTHE TEOPHHU Pa3lIUIHbIX BEIOB mpeobpasoBanus
9Heprum Kpaiue HepaBHoMepHo. Ha HamBrCIIER CTYOeER CTONT B 3TOM
oTHOmMeHW: O0ecCIOPHO TePMOINWHAMEKA, KOTODAasd, KCTATH TOBOPS,
MOHOIIOJM3EPYET IO IPaBY CTAPIIKHCTBA PAJ IMOHATHR X COOTHOINEHMI,
UMEIXX He MEHbIIee 3HAYeHHNEe W AHAJOTUYHBIA CMHICI B HPYLHEX
obnacrax. Tak, Hampmmep, oGHIYHEIE DHEPTETWIECKEE PpACCY KACHHA
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HA3KBAIOT TEPMOAMHAMUYECKUMHE; 3aKOH COXPAHEHHS JHEPTHH Ha3Ll-
BAKT HAYaNoM Tepmogunamukm u T. n. Ciegywomumii npumep obpu-
COBHIBAET IOJNOKeHHE. B TO BpeMs Kak TepMOJMIIAMEKOH [aBHO yiKe
YCTAQHOBJIEHO BJIMAHHUE TEIIOBOIO DPEAKIMA Ha MEXAHMIECKHE napa-
meTps (m3oTepMuIecKHi u axuabaTUYeCKuUil MOZYJHM YOPYTOCTH)
u 00paTHO — MeXaHWIECKOTO pejiMMa HA TENJOBLe mapamerpnl (Tem-
JI0EMKOCTH LPH IOCTOSHHOM MNaBJEHUH U [PH LOCTOAHNOM o0beMe),
OPUMEHATEAbHO K [IDPYTHM SABJEHUAM IpeoGpasoBaHUsA COBEPHOIEHHO
aHAJIOTHYHOE B3AMMHOE BIUSHEE CTOPOH JO CHX IIOp Jayke He BCerpa
MOHATO, & €CJH B TOM WX HHOI Mépe W YYUTHIBAETCH, TO OTHOCAMMUECH
K 3TOMY BONPOCY BHIBOJH CTPOATCS BCAKHUIA Pa3 3aHOBO W OPUTOM TaK,
Kak Oy/TO OHH COCTABIAIOT CHENUPUIECKYIO NPAHANIE/KHOCT TAHHOTO
asnenas. Me:xny TeM, HCXO0IA W3 HOCTATOYHO OBINUX U B TO K€ BPeMs
09eHb NPOCTHX MPENCTABIEHUH, MOMHO LOKa3aTh, 4TO, HANPUMED,
B O6.TIE[CTH MaTHUTOCTPHKIUM Mbl JOJIMKHE Pa3jddaTh MarHATHHIE OPO-
HUI@aeMoCTH CBOOGONHOTO W 3a:KaToro o6pasma U COOTBETCTBEHHO
MOAYJIH YIPYTOCTH OPU PASOMKHYTOA M KOPOTKO3aMKHYTOH MArCHHT-
HOH menu; B o6JacTu mbe302JIEKTPHIECTBA ~— JUIIEKTPUIECKHUE IpPO-
IALAEMOCTA CBOGOMHOIO M 3a’KATOr0 KPHCTAJLIA U COOTBETCTBEHHO
MONYJAM YOPYTLOCTH XOJOCTOTO XOJa M KOPOTKOIO 3aMBIKAHWUA.

Taxum oGpasom, ofHA U3 3a/a%, KOTOpHe o cebe cTaBHJI, COCTOAT
B ToM, 9T0O0H [aTh TEOpHMIO IIpeobpasoBarened B TakoMm 0600menHoOM
Buje, 9T00H ee BHIBOAB OKA3AIUCH OPAMEHAMBIMEA KO MHOTHM HCIIOJIB-
3yeMHM B TeXHHKE, B UaCTHOCTH B OPHGOPOCTPOEHEH, SBJIEHAAM
npeo6pasoBanua. MsnokeHmio 5TOH TeopwH ImOCBsINeHa IepBas
TaaBa.

Bo BTOpO# riaBe s CTpeMmICS [aTh IPEMeHeHme 00med Teopm:
K PacCMOTPEHHIO Psifia KOHKPETHHX THIOB IpeobpasoBareiei B TAKOM
Bue u o6beMe, 9TOGH MaTepmaiaMy ATOA IIaBH MOT HEIOCPEICTBEHHO
BOCIIOJIB30BATHCA HHKEHep-QU3HK, 3aHATHEA HCCIeT0BAHAEM HIZ Pas-
paboTKo# pas3inEIEOro pofa NpEGopos. MEe xoTes0ch M0 BO3MOMKHOCTH
u36aBUTH IUTATENA OT HEOGXONUMOCTH 00pamaThCs K HEePBOHCTOYHH-
kam (spope coumnerus Poxra, KOTOpPOE IPH BCEX OCTOMHCTBAX HMEET
ONEH HEJOCTAaTOK — GOJBIIYI0 TOJINUHY).

CobpaEHEle B KOHIE OPHMEpH, HEe SABIAACH CHCTEMATHIECKHUM 3a-
HagHAKOM, CIYKAT PA3BHTHEM OCHOBHOTO TEKCTA, 3 3aMeuaHds Opei-
CTAaBIAIOT C000ff [WCKYCCHOHHOIO XapaKTepa BHICKa3HBAHMS, BHI-
pajaolieé W3 OCHOBHOLO IUIaHA, HO HMMEIOMpe IPAMOe OTHONIeHHE
K TeMe.

Kamra npenmassadera B OCHOBHOM MJIf MHKeHEPa-HCCIE0Ba-
TesA m IpoeKTmpoBmuKa. Ho mo coobpaenusaM, KOPOTKO YHOOMAHY-
THIM BHIIIE, ;KeJaTeJpHO, ITOOH ee HPOCMOTpenr PU3HKA-IKCOePHMEH-
TAaTOPH, BAHEMAIONZECH U3MEPEHUAME Das3IEIHHX QUIHIECKAX KOH-
CTaHT.
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Paasa 1
OBMIAA TEOPUA

1. OOmue cooTHOmEHHA W OmpefeleHust

IlorennuanpEas SEEPTHA NTHHEHHON MEXAHWIECKOH CHCTEMH C He-
CKOJBKUME CTeNEeHAME CBOOOJE BEIPAKAETCA KBAPATHIHOR (opMmoil
mepeMemenui

1
c 27‘(011!/% + el + .- ) FCliYs - Cotals + ... (1.1)

Koaddummumenrsr ¢, HEMEIOT DasMePHOCTb W CMEICA YOPYTOCTH.
BremEBne cwis ypPaBHEOBEIIWBAIOTCSA PEAKIEAME CHCTEMH M BRIPAKAa-
0TCSI 9aCTHHME NPOH3BOAHHIMA OT SHEPIWH L0 COOTBETCTBYIOMAM
mepeMemeRnsIM

oC ‘
T, = W_/, . (1 . 2)

Ilpm moMomum 3TOrO COOTHOIIEHUA MOYKEM BLIDASUTH CHJLI JMHEH-

HEIME QYHKOUAMHI IlepeMelleHuit

Zy=cpYr+Cigha+ - s

Zy=CqlY1 + Copls+ -+ s (1.3)
zy=cgu¥1+ ...,
-
Cire = Crs-

Ilepememennsa Taxyke BHPAKAITCA JIHHEHHBIME QYHRUAAME CHI

0A oA

Ay1=d—c1;xl—|—gc—l-;x2—|— ey
0A 0A

Ayg_mxl—{—@xz—i—..., (14)
0A 0A

Ay3=0—c—3;x1+06—32x3—|— ey

rme
011012013. o
CoiCog « + = -
A= 2

. (1.5)

Cap v o o v -

e s s s e o

Ecnm mop C B Beparkernnu (1.1) moHmMarh He MeXaHHYECKYIO, a Ka-
KyI0 yrofuo (HampmMmep, 3J€KTPHIECKYI0, MATHHTHYI X T. A.) HO-
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TeHOUAJbHYI SHEPTHI0, TO BCe IPHUBEICHHEIE BhIPAKEHHA COXPAHAIOT
CHIy, HO DePCMEeHHBle Z; U J; IPAHUMAIOT Pa3MEPIOCTh W CMEICHK COOT-
BeTCTBYIINUX (DU3MIECKUX Beauddn. 10 KE OTHOCUTCA H K K03(-
¢dunmenTaM C,p.

B panpneimieM, onepmpys BeNMIMOAMH T, lJ; U C,, ¥ Ha3hiBasd HX
mO-OpeKHEMY CHJIAMHO, OepeMelleHHSMH HW YUPYrocTsMH, Oymgem
NpHUIABATh UM YKA3AHHLA 0000mMEHHKN CMBICT.

Cmcrema moxer mMerh n cTemeneir cBobojibi. Ilpu arom, omHaKO,
MoOKeT GHTBH, 9YTO BHEIIHHE CHJIH BO3JAEACTBYIOT TOXBKO Ha m < n
crenereir cBobomp. Taxkmm oOpasod, m cTemeHeir CBOOONEI CIy:KkaT
TeME KAHAJAMHZ, 9epes KOTOpHe NPOUCXOAUT DHEPreTHIecKH# oOMeH
MeKIy CHCTEeMOX X BHENIHEM MEPOM. JTH m CTerenei cBoGOXL Mhl Gy-
meM HaswBaTh cmoporamu. Ocrambuble n—m crenenei cBobopm Oy-
OeM HA3HBAaTh eHympenHumu creneusmm cBobombl. Ha Hmx Mmoryt
pa3BuBaThCA BHYTPEHHHWE CHIBI, W JHEPIHA MOKeT HEePeXOJuTh U3
OfHON BHyTpeHHEH cTeneH:® CBOGOAH B JAPYIyi0; OPH STOM, OXHAKO,
BHYTPEHHSAs BHEPIHWS CHCTEMH OCTAeTCA HEH3MEHHOH, eCIH B 3TOM
npomecce o0MeHA He y9aCTBYIT CTODOHHL.

HezaBucumo oT umcna n cremeHed CBOGOIH CHCTEMA MOKET GHITH
OOECAaHA IIOCPEICTBOM M YPaBHEHWH, CBASHBAOMUX CHJH H IepeMe-
meHEsa HA m cropoHax. [leificTBuTeNbHO, MBI MO;KeM 3aIHCAaTh ypaB-
memust (1. 3) B BHOe

z, =any; + Qs+ ...,
Zy=anY, + Cp¥Ys+ - -,

xm=am1y1+am2y2+ . (16‘
0 =apmy¥1+ Cmsnala+ - - -

O=a,y,+ aphs+ ---

e o e e o o o

Wenonesya (n—m) OJHODONHHX YPABHEHEH [UIA HCKJOYEHAS
(n—m) mepemenuuix, Msl Mozkem cpectn cuctemy (1. 6) k caepyomeit
cmcreMe U3 m yPaBHEeHUH:

T, =Cnls + Cr¥at+ -+ F Crmlm
Ty ==Cor¥fy + Col¥a+ -+ + Comlm (1.7)

e e e s e e e e o e o o .

Z,, = cmlyl + cm2y2 + ce + cmmym’

Tfie ¢,, MOTYT GHITH BHPAKEHHl COOTBETCTBYIOMIM o6pasom Tepes a,,.

TaxmM 06paszom, IPACTYIAA K PACCMOTPEHRIO CHCTEMBI, HAM BAKHO
yCTAHOBATH HE WHCJIO CTemeHe# cBOGOMH, a 9IHCIO CMOPOH, T. €. Ka-
HAJOB, 0 KOTODHM 3HEPTHS BXOJWT B CHCTEMY X BHIXOJWT H3 Hee.
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2. JIluHaMmugeckue Iponeccht

Lo cux mop MBI OTPAHUIMBAJUCH PACCMOTpPEHHEM IIOTEHIMANBHON
DHEPru:, T. €. HMCCIELOBAHUEM CTaTWdecKux cooTHomenuit. Ommako
9TO ABIAETCA [AJeKO0 He NOCTATOYHEIM, TAaK KAK IPeNMYIICCTBEHHHI
HWHTEPeC ¢ TOYKM 3PEHHA MCIOJb30BAHHA LpeobpasoBaTenel B Tex-
HHUKe UMeeT EMEeHHO pafoTa 11X B NMHAMUIECKOM DEKHEME.

Kpome moTemnumanbHOf sHEDPIHH BBEIEM B PaCCMOTPEHWE KEHETH-
weckymo sHeprmio K m paccemBaemyio sHeprmio I’ I OTHECEM HX K BEYT-
peHHe#l JHEDPIWEM CHCTEMBI, KOTOopas, TakuMm ofpasom, Oymer W—

=K+ T4 C. Ilpu srom T =2 S Fdt, rne F — QyHxiua paccessus.

Har xmmermueckas sHeprus, Tak m QYHKOUA DACCessHHA BHpa-
JKAIOTCA KBAaApPaTWIHHIME (opMaMm, HO ye He 0600ImMeHHBIX mepe-
MeMeHn#, KaK HOTeHOWAJbHAA JHEPTHA, a O0OGOOMEHHEIX CKOpOCTei,
HPeRCTaBIAMEAX c060ff MPON3BOJHEIE IO BPEMEHH OT COOTBETCTBYIO-
mzX OepeMerleHnii:

.o dy;
Y=+
Mur umeem
1 -2 . . e .
K =5 (myd} + meys + - - .) + muphi¥s + Magiols + - . -,
1 . . .. ..
F=5(raf}+radi+ - )+ rohds+ ratels + - .

CoorpercTBylOmEZe KOMIOHEHTH BHEIIHEX CWJI, 0OYCIOBICHHHe
PEARUUAME CHCTEMH, GYIyT

__d (K __OF o
Tami = g\ o7,/ T =55, Lo = g,
a TOJHAs BHEUIHAA CHIA
. __d 0K\ , oF , oC
L= L T Tt T =5 (M) +@~:+5§: .
Onepanus nuddepeRnmpOBaHNA DO BPEMEHN HE3aBHCHMA; 0603HA-
9as ee CEMBOJOM P, MOKEM HANHCATh
T, = ; (P, + Pro + ¢) Yo = ; Coxl-
Benmunnsr
Cie = PPy + DTy +- ¢

EMEIOT AJIA MeXaHHIECKOH CHCTeMEH Da3MePHOCTH YODPYTOCTH TaK JKe,
KaK ;. Beamdmuel 7, HMEOT PasMepPHOCTH MEXaHWIECKOTO CONpO-
THBIEHHAA, & M, — MACCH.

Ecnm mi BBenem Temeps B Ope/ecTByOmue ypaBHeEms @ (HOp-
MYJIBl BMECTO HOCTOAHHHX C, (yHknmm (, omeparopa p, To 0606-
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OIeHHAA TAKUM 00pPasoM TeOPHA MOKET yiie CIAYARUTH JUIfi necaeno-
BaluA NAEHAMUIECKUX IPOLECCOB, KAK CTAIMOHADHBIX, TAK M HECTA-
uuoHapHuX. B cxysae cmmycomnanniioro komebaTenbroro pesRuMa
¢ JacTOTOH ® BMECTO OHEPATOpPA P B BBIPsKCILUA S Hammexur mop-
craBaATh jo. Hecranmomaprrie pesmmMu doryr PAaCCIUTHIBATHCH
C DOMOIIBI0 OGBLIYHEIX IPHEMOB ONEPANHOHHOLO WCIHCIEHH.

3. IoToxk smeprmm, compoTmBieHHEe

Bo Muormx cayuasx, 0co6emHO mpu paccMOTpeHEE TMEAMEYECKIIX
OpOLECcOoB, yA0OHEE MCXOAWTH He W3 BHEPTMH, a U3 MOTOKA 3lepruu,
T. €. OPOW3BOJHOH BHEPIMH II0 BpPEMEHII.

Ecrm monmas smeprua (cm. § 2)

W:%(Cuy’f—l—Cﬂy%—[— o) Gy L E

TO IOTOK 3HEPTHHT
aw . . , ,
P= Tj{‘=c11y1?/1 R e R O A ) I MU

rge y; = -‘—fizti — 0000menHas CKOPOCTE.

ITonsas BHemEAA cmia
L= ; 9/

Taxum obGpaszomm,
P=zy +z9,+ ... =EP;»

T. €. 06U DOTOK BHEPTUM CKIAJKBAETCA U3 M MOTOKOB, BTEKAIAX
B CHCTEMY CO BCeX M CTOPOH. JHEPTHA MOYKET M BEHITEKATH M3 CHCTEMbI
€ KaKux-Tub0 CTODOH; B 3TOM CIIy4ae COOTBETCTBEHHEIE HOTOKM HMEIOT
OTPUIATEIbHHA 3HAK.

Msr Bmpasmmm cuwany CyMMO# IUpousBeneHMH BeamgmH G, Ha
COOTBETCTBEHHEIE nmepeMemenud. [locTymasa coBepuIeHHO aHAJOTEYHO
OPENEIIYIEMY, MOKHO TAKyKe BEIDA3WTH CHJIHL Yepe3 CKOPOCTH Clie-
AyomuM 00pasoM:

SN
T, = %l 253 Yxe

Jlerko mokasars, 4TO

Zik:%cik‘ (1.8)

* [IpHBefeHHOE CHMBOJIUYCCKOE BHPAyKEHWE HE MOKET, KOHCYHO, MPHUMEHATHCA
[UIA BEIYECACHEA SHEPIUU, ITO MPOCTO KPaTKas i cAMMeTprIHaA fopma samucy,
LPUTOAHAS, OMHAKO, JUIA OTBICKAHNA OPOU3BOJHHIX 3HEPIHH, €CTR CYHUTATh L)

TOCTOAHHEIMA,
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Benmauna z,, ompejenseTcA Kak OTHOUIGHWE CUWILL K CKOPOCTH.
dry BeamdmHy ME 6yjieM HA3LIBATH BOOGUIE CONPOMUSIEHUEM, KAK ITO
LPHHATO B 2JEKTPOTEXHHKE U 1K0Je06aTeibHOd MeXaHHKE.

4. Uecxonusle ypaBHEHHS

Bynem paccMaTpmBaTh CHCTEMY C JBYMS CTOPOHAMH, JJIA KOTOpOW
Ha OCHOBAHWM NPENHYIIEr0 HMeeM

x; = 2,91 + 21292 Ty = 2,Y; + 22592 (1.9)
"
AYy = ZgeT) — 219Ty, A Yy = —25,; + 211 %5, (1.10)
rae
2y, 2
A =] (1.11)
Z91 299

Vpasuennsa (1.9) mocay:xar HaM B KadeCTBE HCXOJHBIX MJIA Aalb-
Hejimero. Bymem paccmaTpmBaTh HX B KadecTBe YPABHEHHE [(BYCTO-
poHHero mpeofpasoBaTeis, T. €. YCTPOHCTBA, CIYMAMEro AisA mpeol-
pPa30BaHWA SHEPIUE U3 OJHOTO BHAA B APYTOM.

Ta cTOpOHA, ¢ KOTOPOH HIPOHCXOAHT IMTaH@e npeobpasoBarens
pHeprumeif, mycTh HasbiBaercs 6xodHol. K ewxodnol cropome mpeob-
pasoBaTeis mpucoegmHen norpeGurens sHeprmm. TaxmM o6pasom,
TePMUHH, BEIGPAHHEE AJAA 0003HAYeHHA CTOPOH, YKAasHBAOT HA Ha-
mpaBlieHdAe [BWKEHNA SHEPTHH.

Beaugman ¢ mEAexcoM 1 OymeM OTHOCHTH K BXOZHOK CTOPOHE,
a ¢ ZWHAEKCOM 2 — K BHIXOTHOH.

Kasxmas cropoma xapakTepmsyeTCA JBYMA II€PeMEHHHMH: CH-
70# z, mw cropocTio ¥;. IlpomsBenemme z,y, mMeeT CMHICH B pasMep-
HOCTH IIOTOKa 3Heprum. IIpeoGpasoBaTelb XapaKTePU3yeTCA TeM, 9TO
HAa BXO[HOH CTOpPOHE ero mMeeTcs aHeprmsa Bupa 1, a Ha BHIXOXHOHR
cropoHe — sHeprusA Bmpa 2. Hasmagenme mpeo6pasoBarens Kak pas
7 cocrouT B mpeobpasosanmu sHeprmm u3 Buga 1 B Bug 2. Ilpm arom
MBI IPEJIOJaraeM, 9ro npeoGpasoBaTesb pesepcuger, T. €. 4T0 HpH
€ro IMOMOMM BO3MOKHO H 0o0paTHOe mpeobpasoBaHme YHEPTHH — U3
pama 2 B Bupg 1.

3aMermM, 9TO OPUIACHBAHAE ONHOM U3 ABYX (M3MIeCKMX BeIMIAH
(zpom3BefeHEEe KOTOPHX OIpefesseT IOTOK HEDPIHWH) CMEICIA CHIH,
a BTOPOH BeJIWIEHE CMBICIA CKOPOCTH — IPOM3BOJBHO. ¥ HAC HeT
DOKa HEKAKUX (OPMAJBHNX OCHOBAHHIA, OHOpeNesIA0IuX 3TOT BHOOD.

5. KaHoHM4ecKue ypaBHEHMS YeTHIPEXIOIIOCHHKA

%3 B Teopmu 5IEKTPHYECKAX UETHPEXMOMIOCHEKOB (T. €. 0606meHHEX
DIIEKTPHIECKUX YCTPOHCTB, XapaKTePU3YOMUXCA HATAIAEM ABYX Hap
3a/KHEMOB: IapOi BXOAHHX W NApO¥ BHIXOXHHIX) OCHOBHHIM ypaBHe-
gaam (1. 9) npupaercs mEas gopma, a EMEHHO

T = azy + by, %= czy + dy,, (1.12)
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OTKYZA

Az, =dz, — by, Ay, == —czy + ay, (1.13)
rjae
ab
=l (1. 14)

Roadounmentr a, b, ¢ m d HOocAT nasBanue koagduuuentos Bpeii-
smra. ComocraBaas (1.12) u (1.13) ¢ (1.9) u (1.10), maxommm Bupa-
KEHHA 3THX KOdPPHUMEHTOB depe3 BeIMIAHH Z,,

a = 2/24;, b= —A,/z,, c=1/z,, d == —249/24; (1.15)
obparHo
2y, = ajc, 2 = —A/c, z,, 7= 1/c, 2o == -—dfc. (1.186)
IMopcrasnas (1.15) B (1.14), maxommM suavenue oupeaeiHTeNs
A= —2,/25,.

Ho rak xak z,,=2,, To A=—1.

6. Koapdnument npeoGpaszosaHus

Kax BumEO m3 ypasmerus (1. 9), cmma x, 3aBUCHT He TOIBKO OT
«CBoei» (T. €. HA TOH e CTOPOHE, YTO H CHIIa) CKOPOCTH, HO K OT CKO-
pocTH Y, Ha IPYroi cropoHe mnpeobpasoBaTend. OTO#l 3aBECHMOCTHIO
U BHIPAyaeTCHA MeXaHW3M IpeobpaszoBamms W HeoOXO[HMOE B3amMHOE
BJIMAHKE WM B3aWMHasA peaknus obemx cTopom mpeobpasoBarend.
KoadpduumenroM mpomopnumoHalibHOCTE MEXKAY %, H Y, ABIAETCHA
BeJIMYMHA Z,,, & MEXKIY I, B §J, — BeawinmHa z,,. Kak y»e oTMeuamocs,
o6e aTH BeJWIHHH APYT JPYTY DaBHbI, IOITOMY €CTECTBEIIHO HABBAThH

2 == 2, =W (1.17)

KosdppunmeHTOM npeobpasoBanus.

B panpmeitimmem mb GyfieM mHOTZA 0603HAYaTL 91y BEJUIUHY CO-
KpaImeHHo K. I.

IlpuaATOe HAaWMEHOBAHWE MPENIOYTEHO NPYTUM BO3MOKHBIM, Ha-
npuMep Ko3pPHEIEeHT cBA3H, KOIQPUIMEHT B3AaUMOJEMCTBASA ® T. I.

7. IlpaBrio 3HAKOB
Ms masBasu CONPOTHBIEHNEM BEIHINHY

z:x/y. (1. 18)

9To ompeneneEme pacIpPOCTPaHsAeTCA Ha NOCHe QE3mYecKme
BeJMYEHB, KOTOPHM MBI IPHWIECHBAEM CMEICH CHA H CKOPOCTeH.
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Jlora manpHe#mero mpUMeHeHHs OlIpejleleHus (1.18) meobxommmo
YCIOBATHCA OTLOCUTCNBHO BhIGOpa 3HAKOB.

ByjeMm cauTaTh CKOPOCTH IOJIOKUTENbHOM, €CIN JBUMKEHHE COBep-
nraeTcd B Ha]:[paBJ[C‘HI/II/I I{eﬁCTBHH CHJIBL.

Taxmi obpasom, compoTuBienme z mo ompenencnmio (1.18) ecrs
OOJIOMHUTEJIPHAA BEJNYUHA, NOCKOJBKY OHA BI)Ipa)KeIIa OTHOIUEHUuEeM
BHEIIHeH CHJIbHl K BEI3HIBAEMOH €10 CKOPOCTH, HANPABJICHHOH B Ty iKe
CTOPOHY, 9TO U CHJA. ;

—_—

© )

Puc. 1—1. [IpaBmio 3HAKOB

[losicHEM [pPABMIO 3HAKOB HA HpHMepax u3 o6JacTu oJiexTpo-
TEXHUAKU.

Ha puc. 1—1 ucrounux 9. A. ¢. £ 3aMKHYT HA COLpPOTUBIEHHE Z.
Tok TeueT B HANDABISHHHE, yKasaHHOM crpenkoi. Comporupiemnue,
ompegexasieMoe oTHomenneMm Z=FE/i, monoxurensno. [lagenne mamps-
keHWsi Ha compormBiaenudn Z obosHazeHo wepes U. Ilo ormommenmio
K HeMy TOK MMeeT IPOTHBOIOJIOKHOE HalpaBJIeHHE.

1'7 1-2
— <
Onmend -
U/ T T u 2
Oy p—O

Puc. 1—2. ITpaBILI0 3HAKOB (3JIEKTPHYECKHI YCTHIPEXIOJIOCHUK)

[MosTomy, ecam Mbl yKeJaeM BHIPA3UTh CONPOTHUBIEHHE He depes K,
a uwepes U, To momkubl sammcate Z=—U/i.

PaccMoTpmM  9eTHIDEXHOJIOCHEK, NHWTaeMbli ¢ obemx CTOPOH.
Ha pumc. 1—2 ykasansl COOTBETCTBYIOMUE OJOKATEIBHEIE HaOpaBe-
HES TOKOB.

Ilycrs Temeps TOT jKe YETHIPEXIOJNIOCHUK OHTAETCSA CO CTOPOHH 1
(c BXOZHOH CTOPOHBI) W HATPY)KEH COIPOTHUBIEHHEM Z, CO CTOPOHBI 2
(c Baxoguoit cropousr). Conporusnenne Z,=U,/i; ecTb BXOJHOE COIPO-
TUBJIEHHUE YeTHPEXIOMocHnKa., Harpysoumoe jxe comporuBieHue Z,
Ha BHXOHe Bhpaskaercs gepes U, m i, ciaegyomuMm 00pa3oM: A

Z2 == —U2/i2-

8. CoGcTBenHbIE CONPOTHBICHNA

Bepremcs cHoBa k mcxogumM ypaBmenmaM (1. 9). B Brpaskenmm
I x; B3aUMHBIE WIEHH (Comepskamme 7,) OPONAfaloT B ABYX CIYy-
qaax: qmbo Korma z,=0, T. e. KOrga Her HEKAKOro IPEOGPa30BAHEA
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9HepPTUW W HUKAKOTO B3AaMMHOTO BJIMSIHEA CTOPOH IipeobpasoBaTessd,
au6o xorga y,=0.
HazoBem dwacTHOe 3Hawenme CONpPOTHBIEHUS

z)
U1

=1 (1.19)

G20

co6CTBEHHBIM CONPOTHBIIEHEEM mpeoGpasoBaTesia co CTOpoHH 1 m ana-
TOTEIHO
Z2

U

=2y (1.20)

91=0

— cobCTBeHHEIM CONpOTHBIEHHEM CO cTopoHH 2. CofcTBeHHOE COUpO-
THABJEEWE €CTh BXOJHOE COUPOTHBIEHAE NPH OTCYTCTBEE [BUKEHHA
Ha BTOPO# CTOpOHe.

Cob6cTBeHHEIE COTPOTUBIEHAS EMEIOT CJASAYIOMAe BHPAKEHUA I€pes
Kod(pdunmenTH KaHOHEIECKEHX ypaBHenmit (1.12):

2, =ajc, 299 = —dJc. (1.21)

HBycropoEnmi mpeobpasoBaTenh BHOJHE XADAKTEPH3YETCSA Ka-
kaMm-nrbo Tpems mapamerpamu. Brifop sTuUX mapaMerpos, BooOmie
ToBOP#, Hpom3BoJieH. Mrl 3T0 cienanu, IPAHAB B KAYECTBE XaPAKTEPH-
CTHYECKUX TaPAMETPOB BeIMIHHE M, Zy; I Zgg, T. €. K. I. W ABA COOCT-
BEeHHBIX COIPOTHBJICHUS.

Bo Bcex manpueinmimx GopMysax WHTEPECYIOIAE HAC BENHIHHH Oy-
YT BHIPQ)KATHCA dYepes 3TH TPW Iapamerpa, KOTOpHE NIA BCAKOIO
peanpHOro mpeobpa3oBatels ONPENENANTCA TPEMA H3MEPEHHAME
(mmm, Korga 8T0 BO3MOIKHO, BEHIYMCIEHHEM HO CTPOHTEIBHEIM JAHHHM
Opeo6pPa30BaTeNsi M Ha OCHOBAHEH (H3WYECKEX 3aKOHOB, YIPAaBIAI0-
OIAX ero JeHCTBHEM).

9. BxogHoe compoTHBIeHHE Mpeodpa3oBaTelA

Hafinem temepr Bxopmoe compormBieHme mnpeobpaszoBaTeld CcoO
cropoun 1 B obmem caygae. [lag aToro pasmenmMm IepBOe E3 ypaBHe-
gai (1. 9) Ha 9,

2y =2/ = 211+ 2199/%-
Omnpenenum oTHOmEHAE Y,/y; w3 Broporo ypassenma (1. 9)
Yo __ Z2
Up  Zo/Ya—Zgn "
BBopsa z,=—x,/4, (Do moBoxy 3HaKa cM. § 7) & MONbB3YSCH OUpene-
aegmem (1. 17), moaygmm
2= 2y — M?/(29 + ). (1.22)
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WUrax, Bxomuoe coupormpBieHuc IpcobpasoBareiss, PaBHOE Co0-
CTBELHOMY CONPOTUBJICIMIO Z;; IPU OTCYTCTBHM DPEAKLHUM, [I0Aydaer
OTpHUaTeNbHOe NPHPAMCHHC, NPAMO TMPOIOPUHOHATHHOE KBAaXpaTy
rospdunuenta mpeobpasoBanmsa u 06paTHO IPONOPIIOHAIHIOE IOJ-
HOMY (T. e. COGCTBEHHOMY LJIIOC BHENIHEe) COIPOTHBIEHHUIO I BHIXON-
HO# CTOpOHe. JTO MONOKEHHWE SBIAETCA OJHUM N3 BAKHEHINUX mis
OpaKTUKE BHBOLOB 00meil Teopam mpeobpasoBarerned.

HeoGxomumo cmenaTs ofHO cymecTBenHoe mob6aBieHme. Bxoxmmoe
CONpOTHBJIEHHEE HE MOKeT GHITH OTPHIATENBIIBIM, ILOCKOJBKY mHpeol-
pasoBaTelb HC CONEPIKAT HCTOIHHUKOB DHEPIHUU.

Bropoe ciaraemoe B (1.22) mmeer mambospimee 3Hauenwe upm
2,=0. B sTomM caygae MH MOKeM 3aIHCATh

2 =25 — Mm%z, >0, (1.23)
OTKyZa
233 > WP/ 2Zg,. (1.24)
STO JKe COOTHOIIeI e MOsKeT OLITh BhIPpaXKEeHO Yepes3 OoIIpelie/inTennb
HMCXONHKX YpaBHEHHHA

2, 2
1 “12
A =

291 299
CIeAYOMuM 00pasoM:

A,>0. (1. 25)

Ycaosme (1.24) pmommHO BHIOMHATBECA A BCSAKOIO PeajbHOTO
npeobpasoBaresiss. 30eCh BO3MOMKHHL [[BA CIydIas.

1. Bennmdmusl z,; ¥ m CBA3aHE MeKAY Co00i puamaecioit mpupomnoit
Bemei TakmM 06pasoM, 9To BoO3pACTAHWE fii CONMpPOBOMIAETCH HEmpe-
MEHHEIM ¥ COOTBETCTBEHHKIM BO3DACTAHHEM 2.

2. Benmumma m MoKeT H3MEHATHCHA BUOJIHE HE3aBHCHMEIM 06pa-
som. B aToM caywae yciaosme (1.24) ycramaBimBaer rpammiy ¢uam-
9eCKH BO3MOKHEIX (XOTS OB C TOYKH 3PENHA yCTORIMBOCTH CHCTEMEI)
3HAUYEeHUA m.

ItE coobparKeH:s MOTYT CTaTh GOJee ACHHME MWD B Pe3yabTaTe
HeTallbHOr0 PAcCMOTPeHHA (PH3MIECKUX COOTHOMIEHHH, 4TO ® Oyher
ClleJIaHO HIMe TPEMEHHTENBHO K KOHKDETHHIM BupaMm IpeobpasoBa-
Texed.

10. CoGcrBenHbie conpoTHBIEHH: mpeobpazoBaTens,
Apyroe onpefercHHe

Mu BBerm B § 8 ompenenerme coGCTBEHHLIX CONPOTHBIEHHH
1 Zy
Zy == 299 = == .

1 g’ 7Y PR
OTH BENHIMHN ABIAKNTCA NAPaMETPAMH, XapaKTepH3yIOIEMI
CBOHCTBA CTOpPOH mpeo6pasoBaTesns. BoamosHO apyroe ompepede-
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HEe: TO /K¢ OTHOWeHHEe Z,/y, Moer GuTh onpegeneno ne npu g, =0,
a npm z,=0. lloayzaemsic Takuy 06paisoM BETHUHHLI TAKAKE MOIYT
ObITh 1Ha3BaHLL COGCTBEHHHIME COOPOTUBICHASME, MJIH COOCTBEHHMIMIL
napamerpaMu. BBojsi mas mepsoro oupenenenus o6Go3HaueHue z,
(BMeCTO 2,,), & JLIA BTOPOTO Z,,, BolIHmIEM 062 OTIPeieIeHAA MOMHOCTHIO

Z )
V4 e p4 == = . 1.. 26
1y 7" gy gm0’ 2 T Yy |gom (1. 26)
I Zy R
Zy, == — D —— T .
1z 0 z,s(), z.l:: Jy |em0 . (1 27)

Bee 9eThPC BEJUYHHK CBA3AHBI OOpefeseHAbIMHA COOTHOIOEHUAMHA,
KOTODPBbIE JIETKO NOJAYyYHTh, HOJIO{AB B MCXOIHBIX YPpaBHCHEAAX

Ty = 21,4, + mysy, Ty =My + 25,0,

N00YepPelHO I; ¥ T, PaRHHME HYI0. ITO Jaer

Gz _Zm__q 2
iy m?/z,,2,,
unu
— 12 -
2y, — 21, = W%z, 2y, — 3p, = W2y,

Mu umenu ana sxogmoro couporusaenns (§ 9)

7 == 2 m2
L7y 29y +2,°
Hogerasass B ary dopmyay
—_— 2
Zly =%, m /z2y’
IIOJNIy4YUM HOBO€ BREIpa)KeHHe AJid BXOTHOL'O COOpOTUBNEHUA

m2 y
2y =13, "I_ Ty 7 +22—y/12) . (1 28)

11. YyseTBuTEABHOCTH

Basknoil xapakrepucTuko# mpeoGpasoBarens ABIAAETCSA BeJEIMHA,
BHpaKaromasa 3PQerT ma BHXOAE IO OTHOIEHWIO K BO3JEHCTBHIO
Ha BXOI. ITy BEJIWIMHY ME HAB30BEM 4Y6CMEUMEALHOCMbIO B OLpefe-
JEM CIEAYIOIEM OTHODIEHHeM:

V12 == Yo/ 2y (1.29)

HOJILSyHCB HCXOAHBIMHA YPDABHCHHAMM, NCKI0Yasd U3 HUX y'l 1 BBOJA
COOTBETCTBYIOIMAE COOPOTUBJIEHHASA, HOJydaeMm

m (1. 30)

Vg = —
1277 m2 — 2y (2954 29)
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I)le 2, —Iy/ Y, — BHELIHEC HATPY30YHOE COLPOTHUBIEHME HA BEIXOA-
Hoii cropome. lIpm paGore mpeoGpasoBaTeinst B 00pamuom Haupasie-
HUU, T. 6. KOTLa 33/|aHa BEINUUHA Z,, a Ha0JII0/|aeTcA J; Ha CTOpoRe 1,
HATPY/KEHHOH CONPOTHBICHHEM 2;, 4YyBCTBUTENBHOCTH IIOJydYaerca
nyrem mepecranoBru uufexcos B (1. 30), T. e.

u (1.31)

U1
Vgq o= T2 .
A7z, T m2— 29y (21 + 21)

Ty BeNUYMHY He CleAyeT CMEIIMBATL C OTHOMEHHeM ¥,/T, upu
padore mpeoGpasoBaTens B NpsAMOM Hanpasienuu, T. €. or 1 x 2;
opu 3TOM

h=l(1+2), (1.32)

Zo
3aMmeTuM, YTO 0O olpeieseHu0 KoddduiiaenTa npeodpasoBaHuA

!

I _ —

Y2

=
=0 Y1

9g=0

OH mpejcTaBiAeT cOGOIl NpelesbHoe 3HAaueHUe BeJUYMHEL, OOPaTHOH
4YBCTBUTENBHOCTH, T. €.
1

9,=0 Vo1

! .
92=0

1
V12

Ecau aggerr Ha BEHXOAe XapaKTepU3YeTCA BEJIUYMHON Ty, a He Yy,
TO OTHOLIGHUE Zo/Z; MOKET OHTH BHPAaKeHO CIeNYIIUM 00pasom:

Zg Yozo m
o YoPo__ .o . 1.33
z) 7 212 213 (1 + 299/29) — m2/2y ( )

IManee Hac MOMeT HHTEPECOBATH OTHOIIGHHE ¥ofY;, AIA KOTOPOLO
nosny4aeM NpOCTOe COOTHOMEHUE

Yo __Ys2a m
V0 __, ; — 1.34
hon B 25+ 299 ( )

u, HakoHen, corsaceo (1.32)
To__ — m
E_—vlgzlzg_ pE— (1. 35)

Hamoe u3 ueTHpeX OTHOMEHMI Yo/Ty, TofTy, Yol/Yy, Loy Tpei-
craBiAer co0oil KolmuecTBEHHY0 Mepy ddderTa Ha BHXOJe IO OT-
HOINEHWI0 K BO3AeHCTBHMIO HAa BXOJ M MOKeT OHTH NPUHATO B Kaue-
CTBe ONpejelieHWsA TyBCTBHTeNbHOCTH. BmGop onpepemenus (1.29)
B KadueCTBE OCHOBHOT'O COBEPIIEHHO NPOU3BOJEH.

12. M=uoroxpaTHbli mpeodpasoBaTeib

Pacemorpum mpeoGpasoBaTens, B KOTOPOM COBepUIaeTCsS HE OXHO,
a HEeCKOJBKO mpeoOpasoBaHmil, Tak 4ro smeprma Buia 1 mepexomar
B BufE 2, @3 BUAa 2 mpeolpasyercs X BEAAY 3 X T. 1.
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Wnaue roBops, UMeeTCA HECKOAbKO 3BEHbEB, B [ePBOM B3 KOTOPHX
BXOJHble BEIMIMHE Z; H Y, npeo6GpasyloTCA B BHIXOJHHE BeIHIHHEl
Z, I Yy ¢ KOdpPuumenTOM npeobpazoBaHUHA m,; BO BTODOM 3BEHe Be
JAMYUHB T, U Y, ABAAOTCA BXOTHMMH; Kodddunuent npeobpaszosanus
BTOPOrO 3BeHAa €CTh M,; BHIXOJHAs €ro CTOPOHA XapaKTepH3YeTCHA
BeIWYMHAMEA Z, B 3 A T. 4. (pmc. 1—3).

] T
Z, 4, a, Il 3?72 Z34; 9‘?7] Ty by

—_———d

P ac. 1—3. MBoroxpaTsslii npeobpasoBaTens

Bxopmoe compormBieHme Takoro mpeo6pasoBarens BhIpakaercs,
o4eBHAHO, B ¢dopMe HempepHBHOH Jpobm

z mj '
2, ==t=2,, — . 1.36
1 7 11 m; ( )
290 — mZ
233 - 244 oo
Ecnm d9mcio 3BeHBEB pPaBHO ABYM, TO
9
— my
2, =12, — - (1. 37)
Zoy — ————————
BT z34- 29
Haxogen, ecim B mociaegaeM ciydae 2,,=0, To
=z, + M 1.38
zl—zll+n_‘-§'(z83+z.‘})' (1. 38)

Takmm o6pa3oM, IpE ABYKpPATHOM IPEO6Pa30BAHHE M IPH Zyy=0
BXOJHOE CONDOTHBJIEHME NOJYYaeT LOJO)KUTEJbHOE NpHpalleHue,
OpPAMO IPONOPIMOHANbHOE BHIXOZHOMY CONDOTHBIeHHIO (a He 06-
paTHO IPOIOPIHOHANbHOE, KAK HPH ONHOKPATHOM mpeoGpasoBanmm).

YcragoBEM Temeph CBA3b MEKAY KoaQPMIMEHETaMEH YypaBHEHHE
MHOTOKDAaTHOTO mpeo6pasoBatens ® KoappuOmenraMu ypaBHEHHH
Ka)KIOTO HM3 COCTABIAIIIEX ero 3BEHBEB.

Ilyers maa DpocTOTH HMeeTcA Bcero ABa 3BeHa !

Zy = ayY; + Yy Zy = anY; + A5Ys
Ty = —by1Ys + byoYs, Ty = —by Y -+ byl

! 3HaKH paccTaBleHH B COOTBETCTBHHE C paHee YCTAHOBJOHHHM IpaBHIOM. [lelo
B TOM, YTO OfHA M Ta K6 BeJMIMHA }j, ABJIAGTCHA BRXOJHOH [JIA MEePBOrO 3BEHA
H BXOAEOH ANA BTOPOrO.

5 A. A. Xapkesud, T, 1 65



Cpasp MexAY BXOAHEIMIL BenuuuHamMmn (r; M §;,) U BREIXOTHBIMU
(r; ® y,) BhpakaeTCA yPaBHEHMAMHU
Ty = 21 1 Z19Ys Ty = 2941 + Z22Ys-
B atux ypaBHeHuax koaddunuenTs z,, BHparkalTCa Yepes a;, ub,,
CIeAyomuUM 00pasoM:

2. — Bt anbn 7. — Dot agebsy (1.39)
1 aga+byy ’ 2 @y + by’ )

2., — _tazbi 7. — _42aba
1277 agp by’ N agy+ by’

rae

A — Ay | | . bybis

a — ’ b T M
Q5189 0122

ITpu nonp3oBaHmu STEMU QOPMYJIAMU HY:KHO UMeTh B BHAY, 910
eclld BeJHYEHA a4y, ODOJHOCTHIO YIATLIBAET COGCTBEHHOE CONPOTHBIIE-
HHe CTOPOHH 2, KOTODOE OCTaeTCsi HEU3MEHHBIM npu KobaBiIeHHE
BTOPOr0 3BeHA, TO KO3QPHUIUEHT by, HYHHO HONOKUTh PABHEIM HYJIIO.
Boo6me roBops, b;; mpeacraBisger cobod mpupamieHue COOCTBEHHOTO
CONpPOTHBIEHUsA, OOYCIOBIEHHOE HPHECOEJUHEHHEM BTODOIO 3BeHa,
TAK 9TO @g+by; €CTH MONHOE COGCTBEHHOE CONPOTUBICHHE CTOPOHEL 2.

Bonee untepecHEIe COOTHOINEHHA MOJYJAIOTCA, €CHH OPENCTABUTH
ypaBHEHHA B KaHOHHIECKOA ¢opme. MbI muimmeMm AisA [BYX 3BeHBEB

Zy = ;%3 + b,Yy, Y1 = 1%y + APy
Ty = G523 + by, —Yy = CyZy + dyYs.
u AaA npeobpa3oBaTeNd B I[EJIOM
z; = ax, + by, y, = cz, + dy,.
ITpm sToM
a=a,a,— bjcy; c=ca,— dc,,
b=ab,— bid,; d = c;by —d,d,.

HKax Bugum, koaddunmenTs a, b, ¢ u d cocTaBieHn U3 Kosddunmes-
TOB a;, b;, ¢, ¥ d, O mpaBHIy COCTABJIEHMS DIEMEHTOB OLpefeIuTels,
PaBHOIO OPOM3BENEHHI0 ONpedeNrTeNe. ITOT Pe3yiabTaT JerkKo 0606-
maeTcsa HA ClydJai 060ro 4mcia 3B€HBEB, H MBL HOIYyIaeM CIENYIo-
My (A3BECTHYI0 B TEOPHH YeTHPEXIOTICHAKOB) TEOpeMy.

Ecnz mam Muoroxparssit npeo6pasoBarenb U3 N 3B€HBEB, ypaBHe-
HHEA KaKIOTO M3 KOTOPHIX MMEIT KaHOHHIECKYI Popmy

T = Uy + O4Ynsns Y = Cerpn + BiTrans
TO ypaBHEHHA IPeo0pasoBaTeNd B LEJOM MOryT OHTH 3aIIMCAIL B BIAE
T, =azx, + byn’ yl =Cz, + dy",
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npeIeM
1

ab
cd

a,b,
¢,d,

ayb,

cydy

A= = . a"b”

(=)

c’ld’l

13. M=aorocropounuit npeoGpasosaTens

Paccmorpum mpeoGpasoBarens, obaamammmit He JBYMs, a 60ab-
mEM 9ACIOM CcTOpoH. B Takom mpeobpasoBareme MOKET OCY-
MeCTBIATBCA OJHOBPEMEHHOE B3amMHOe Hpeob6pa3oBaHEE COOTBETCT-
BEHHOT'0 9YUCJIa BHIOB 9Heprad. AJreOpamdecKme BHIPAKEHHS BEJH-
9HHE CHIBHO YCJIOMKHSITCA ¢ BO3PACTAHHEM YHACIA CTOPOH; IOITOMY
MBl OTPAHAYHMCA PacCMOTPEHHEM TpPeXCTOpOHHero npeobpasoBa-
reas (pmec. 1—4)*.

I14;

1%
Prc. 1—&. CxemMa TpPexCTOpoH-
Hero npeoBpasoBaTeiIsn I 5"3

Hapo6rocTh B Takoro pofa npencTaBieHEA BOSHAKAET, HAIPAMED,
€CIE MH IIPH HECCIEeJOBAHEHA 3IEKTPOMeXaHEIECKoro npeobpasosarens
jKejlaeM ydYecTh NONPABKA Ha TemNoBOH pekEM mpeobpasoBarensd,
o d9eM moppobmee roBopmrIca B § 4.4 raaBu 2.

Hcxonane ypaBHEHAsA HMEIOT BHR

z; =219 + Z12Y> + 21575
Ty = 29,91 + Zasls + 2055 (1. 40)
T3 = 21 + 239Ys + Zs¥s-
HasuBas no-nupesxaemy xosdduiuenramu npeoGpasoBaBUA
219 == 291 = My, Z93 == Z3p == Myy, 2=z =my, (1.41)

M COOCTBEHHHMU CONPOTUBJIEHUAMIT

I2 Zg
2y == Zog == — Zoq = = 142
177 41 |gimgymo’ 277 Yg gpmge=0’ 37 Yglgimgamo’ ( )
MOKEeM COCTAaBATH BHpa)KeHWe AN BXOXHOTO CONPOTHBJIEHUA
2my oMy gittgg — (M3ezg -+ Mgz,
2, = 2, 2Tzt (miyzs + misy) (1. 43)

r_r — 2 i}
2923 — M3y

* 3aMeTHM, 9TO B TEODHH CBS3H M3YYAOTCA TaK HASHBAGMHS 2n-IONIOCHAKH.
PaccMarpmBaeMsIfl TPeXCTOPOHHEZ mpeo6pasobaTesh COOTBETCTBYOT MIECTH-
TOMIOCHAKY,
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rae o003HAYeHO JNJIA COKPaIeHHA
2, =12+ g0 Z3 =231 Iy
Ecnr nmonoxuts z,=c, 1. e. yy=0, 10 dopmyna (1.43), rax
nerko ybemutscs, nepexonur B (1.22). IlpexcraBnser umrepec npy-
ro#i wacTEHMN caydait, a umenno z;=0. B arom cayuae

2myomy3titgy — miszs
m3;

2 =123 —

: (1. 44)

Ilns 4yBCTBUTENBHOCTH TPEXCTOPOHHErO Ipeodpa3oBaTels MONy-
ga0Tca POPMYJIH

1 _n my, 4+ A (M35 — z523) + myg(my1325 — Mygilyg) (1. 45)
, .

viz Yo 923 — My giipg
Yo __ Mogittyy — M2y 1.4
91 225 — Mg (1.46)
H, KpOMe TOro,
Z2
P = —2ZyV,, (1.47)
22 . .
o —ZY,/Y1- (1.48)

HysxBo wmogsepxmyTdh, 9T0 ecam ompenenenme COGCTBEHHOTO Co-
OPOTHBIEHHEA JABYCTOPOHHEro npeobpasoBaTesisi BHPAKAaeTCA OTHO-
IMeHdeM JBYX NepeMeHHHX NpU TpeThell, paBHOW HYJIIO, TO IpHEMe-
HHETEJBbHO K TPeXCTOpPOHHeMY mnpeofpasoBaTelio Kammaoe cobBCTBerHOe
COIOPOTHBJICHAE ONpefedseTcs OTHOUIEHHEM [JBYX IEDEMEHHHX HpH
OBYX OCTANbHHX, DaBHHX HYTIO, Kak aro m 3ammcano B (1.42).

Wnage roBops, Kaskqoe W3 OTHOWEHHH Z,/Y, MOXKET OIPEEIATHCH
OpHE d9eTHpex pasamYEHX pesxmMax. W3 ypasmemmi (1.40) moxmzO
BHBECTH ClefylolIe COOTHOIIEHHAA:

f—‘ =32 ﬂ =2, — i
Y 9r=9p=0 — T4 Ytlgg=zi=0 — "%z’
Yo loe=gp=0 "8 gy

z — g T (zatu—za)

Ys |zg=zp=0 ¢y oz (zgEg —2Y)

Hoadpdunuents: npu BaamMHHX 9IEHAX MOTYT ONPENEIATHCA KaK-
OHE OpE ABYX Pas3sIWIHHX peXaMaX. MOKHO BHIBECTH Cieyioliae
33aBHCHMOCTH:

Ty

d} i 1 1.50
e z (1.90)

. =2, - =
emg =0 T gy ggmagm0 T T 2y
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B ¢opmymax (1. 49) = (1. 50) i, # u ! nprummawT 3navesus ot 1
o 3, mpmueM i ==k 41

14. KoadpdunmerT momesHoro aeiicreEA mpeoGpasoBaTens

Hasunagenue mpeobpasoBarenss COCTOMT B mpeobpa3oBaHHH dHED-
rud. JloaToMy K. O. . ABIAETCA ONHOA M3 BaKHEHAIMMAX XapPaKTEPHCTHK
opeobpasoBatens. Hoapdunment mone3sHOro feACTBHS BCAKOIo Ipe-
ofpasoBarens MeHBIIe eXEHUNL. JHEPrEd Ha BHXOAHOE CTOPOHe
MeHbIIe 9HePTHH HA BXOJHOM CTODOHE, TAK KaK 9acTh DHEPTHE 3ama-
caeTca WM TepseTcsa BHYTPH mpeobpasoBaTeis.

BruBegeM o0mee BbipajkeHume A K. O. K., OOpPEJeNUB ero Kak
OTHONIeHMEe IOTOKA JHEePrH¥, BHITEKAWMIEro u3 mpeoGpasoBarend Ha
BRIXOJHOHX CTOPOHE, K HOTOKY OHEPru¥, BTEKAKIIeMy Ha BXOJHOH
CTODOHE,

n= — Y,/ Y (1.91)

Bupaman z, wepes y; npu momomu ypassenuii (1.Y), noayuum

n=— 291 + Zalo ')
29+ 21101/Y2 "

Broza BxoaHoe conpoTHBIEHHe 2, = Z,/J; ¥ HArpy309HOe COMpO-
TEBJIGHHAE Z, == —Z,/l, U MCKIWYaA OTHOMERHA Yy/y; ¥ ¥/Y, MPH NO-
Momm Tex ke ypaBHeruit (1.9), HaxomuM

1 1
n= . . (1.92)
299 In
1+, menta)—1

B wacrmOM caydae, Korga MoKHO OpeHe6pedh COGCTBEHHHM CO-
NpPOTHEBIEHEEM Ha BHXOJHOH CTopoHe, OymeM mMeTh

1

nzg
—— 1
m2

N om0 = (1. 53)

Hpenemﬂ BO3MOMXHBIX PEXHMOB pa60'rb1 yCTaHaBINUBAITCA B 3TOM
Cjyd9ae HepaBeHCTBOM

zo > 2m?/zy,. (1. 54)

BamerEM, 4r0 modyleHEHoe Hamm obmee Bripamenme (1.52) ro-
IOUTCA B TOM cliydae, KOrj[a Ml OnpefenseM K. I. JI. He KaK OTHOIIeHHe
OOTOKOB JHEPTUM, a KaK OTHOIMEHWe CPeJHEX MOIHOCTed OpH CH-
HYCOMTANBHOM pexmMe. B aToM cayuae, OfHaKO, MeHAeTCA (u3mTe-
CKOe CoTep/Kanme OIpefeNeHns K. . JI., TAK KaK IPONecCH, CBA3aHHEe
¢ 3amacaEmeM dHeprum 6e3 paccessHHA, HA K. II. [I. He BIHAIT, A BHIXOJ-
HaA MOIIHOCTH MEHbINe BXOXHOH TONIbKO HA BeJUIHHY, PACCEMBAEMYIO
Ha aKTHBHHX CONPOTHBIECHHAX.
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C MaTeMaTHYeCKOH TOYKM 3PEHHA BTO 03HATALT, YTO MH MOIIKHH
Npe/ICTABETD BEJNEIEHH Z, B KOMIUIEKCHOH dopme (3aMeHmB p ma jw)
1 OTJAENETH BeMecTBEHHbIe JACTH B YUCAMTENE M 3HAMEHaTese 0bmero
poipaskenms (1. 951).

dro paer

Zf’.’. Re [221 (1 55)

Mo = fy
(ot 2ot e[~

1TonomxuM
2, =r; + j2g; Zop + 23 =Ty + JZs.

IIpm srom Gymem mpemefperats moTepAMU Ha BEIXOJHOME CTOpOHe,
T. 6. MPeANON0KEM, 9T0 AKTHBHOE COIPOTHBIEHUE Iy €CTh LOJE3HaA
BHEIIHAA HATPY3Ka. PEAKTEBHYI 9acTh BHEIIHErO0 CONDOTHBJICHHS
IPHIACAEM K COGCTBEHHOMY CONDOTHBIEHHIO, T. €. IOJOXKEM

Zgp = ] % Zy =T,

IopmcraBaaa stu smadenmms B (1. 50), moaydmm BeIpa)keHHme A
K.O. 7. B 06meynorpe0uTeIbHOM CMEICIe

nu.) = 1 (1' 56)

O R —1

Hpe,uem;noe ycjaoBme OpuHHIMaeT B 3TOM CJaydae BH]L

2 2
r______z-rl- > 2—;" i g, > ry/2m?,
2 1

rue
T
L

eCTh AaKTHUBHAs NPOBOAHUMOCTE HAa BXOJHOR CTOpOHE.

15. 3amena aprymeHTOB, 3HEpreTHIeCKHe MOTEHIHAIBI

‘Bepremcs K camMoMy HAYaly HAIero MCCIEOBAHHAA.

BryTrpernssA norTeHnmmanbHAs dHEPrHsA, obosmagenHas vepes C
B§ 1, ecrs PpyErmma mepememennii. [Jas cECTEMEI ¢ ABYMSA CTEHEHAMA
cBoGomer C BHpaykaeTcs KBAaXpaTHIHOH opMoi

1
C =7 (cu¥i + caa¥) + cro¥1¥s- (1.97)
Juaddepernman BEYTPEHHEH SHEPIHH €CTh

aC = ¢ y1dy; + Cola@Yy -+ 15 (1:19Y + Yo2Y,) = 7,dy, + Z,dYs,

e
4, =0Cjdy,,  x,=0C/oy,
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Orcrona

Zy = CyyY; + C1a¥ss Ty =CoYfy + Corlly (1.98)
rae
€91 == Cae

Ypasuenma (1.58) — s10 Hamm umcxomume ypasuenma (1.9),
3aIMCAaHHKE B NePeMeMEeHHsAX, a He B CKOPOCTAX.
Pacemorpmy Benmumny A4, cBaszamuyio ¢ C ciefyiomumM o6pason:

A=C—zy,.

Beawmunua 4 ecrs pysrumus TePEMeHHBIX I; B Y. Nuddepenyman
dA, Ttak xe Kak u dC, ectb monHm#A nudpdepenuman

dA—"— 1+ d./z—dc @ (2y1) = —y,d2, + 2,04,

OTKyHa
y, = 04/0z,, 2y ==04/0y,.

Bripasum A dyHrumer y, u y,

1
A=C—ay, = 7 (c 11J1+¢'22J2)+

1
+ Crata¥e — Y1 (Culs + oY) = 5 (—Cnift + calfd)- (1.59)

C MareMaTHUeCKOH TOYKHE 3peHHsA OpofelaHHoe mnpeobpasoBaHue
€CTh IpUBEJeHMe KBAgPaTHIHOHE PopME K cymMMe kBagpaToB. C ToIrHm
3peHHS MeXaHHKH TaKoe npeobpa3oBaHme OPHMEHAETCH NPH PA3KICKA-
HUH BeJIZIAH, HA3KBAEMHX HOPMAaJbHHME KoopaaEatamd. C TOIKE ke
3peHms HAIMEer0 WCCIeNOBAHHA CYMECTBEHHO, 9r0 BHpaskeHus C
9epes z; U Y, 1 A depes Y, H Y, He COREPIKAT B3AEMHKX WIeHoB. B To ke
BpeMA KBafpaTwdHas dopma Kas A OT apryMeHTOB I, 1 i, OyneT comep-
»xaTh B3amMHEEEA dieH. CocraBuM Takyo $opMy, BBOAA K03PPANAEHTH
a,,, TpefmojaraeMele, KaK ® C;,, CYMECTBEHHO MOJOKHATEIbHEIMH.

Ilpunumas Bo Bummanme, 910 4 < 0 npm y,=0 (xax ato caexyer
a3 (1.59)), sammmen

1
A = 5 (—apal + a53) + a171Ys- (1.60)
Huddepernupys mo apryMmeHTaM, HOXYIEM YpaBHEHHA

Y =anT; — &Y Ty = 0y T; + Boslfs- (1.61)

Paspemas ypasuernsa (1. 58) orHocmTenbHO Y, | Y4, HalEM BHpa-
KEHUS I a,, 4depes c,,

a;; =1/cy, @1y = C19/Cpy == CyifCy; = @yy, Qg =A4,/cyy,
rae A, — ompege;uTeNh, COCTaBICHHMN M3 C .
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Bsenem Temeps eme Benmampy D =C—z,},.
HeicrBysa amasoraganM oGpasoM, noxydeM Auaa D kBajgpaTmgnyio
dopmy caenyromero Bmaa:

1
D= (dwi— dgs%) + diols (1.62)

X YpABHEHHA
z, = dyY; + 41Ty, Yo = —dgl; + dagZ,. (1.863)

Haxonern, sBojs

1
B=C— T —T=—7% (bnx% + b22x§) + b12z1z2, (1 . 64)

OONyYMM YpaBHEHHA:
Yy = by, — by, Yo =—byZ; -+ by, (1.695)

Beamumrn C, A, D u B, mMeomue pasMepHOCTs DHEPIHHA B 061a-
HDAaIom@e TeM CBOMCTBOM, 9T0 mX HREPPepeHmEATBl — IONHEE mud-
¢depesnmaNL, MOTYT OHTHh HABBAHH YHEPreTHICCKEMH IOTEHIMANAMH.
Bce germipe moTeHmmana EMEIOT OUpPENENIOHHHM (H3AICCKHH CMEICI,
a B TePMOJMHAMHKE — M ONpeJeJeHHHE HamMeHOBaHEA (cM. § 4.1
z 4.2 ruasu 2).

Roadpdpunmentnr ypasmermit (1. 58), (1. 61), (1. 63) m (1. 65) caa-
3aHH MEXTY co00A mpocTEMm anrebpamdecKEMH COOTHONMICHHAMH.
9TH COOTHONEHWA CBENEHH B TAaGIEOy, BHHECEHHY0 B NPHIOMEHHE
(ctp. 209).

16. BsammuBIEe COOTHOIMEHHS,
o6obmenre nmoHATAA Ko3(PHnEeHTa MpeoSpazoBaHus

U3 ypasmemmir (1. 58), (1.61), (1.63) = (1. 65) mpemmmymero
nmaparpada MOMKHO NOJYYHETH CHENYIOmMEE YeTHPe B3aEMHEE COOTHO-
IeHAA:

;21 ¥1=0 :12 ¥2=0 =Cp=Cn= gzc’

Tk == (t.66)
-‘;‘:_21 he0 —_% gm0 diy=dy =N,

_ilz om0 —%2; om0 127 by =N,

Bsops BMecTo y, mX IpOR3BOIHEE IO BDEMEHH ¥,, MOYKHO COCTABHETH
ypaBrenns, aganormurne (1. 58), (1. 61), (1. 63) m (1. 65), m monyamrs
Cleayiom@e B3aMMHEE COOTHOINGHHS, BHpPAa)KeHHHE 4epe3 Koapdm-
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OHEHTH 2, MCXONHHX ypaBHeHmH (1. 9) m wepes.kospdmmmentn a, b,
¢ A d KaHOHEYECKHX ypaBHEHHH

z t‘z
bonll I el —=1m
Yo lg=o Yy |g.=0 13 ¢
_n| o
Yo om0 Zylym0” 2y @ @
. (1.87)
o %l e
Z |g=0 Yilemo 29~ 4T ¢
Ul B a1t
Ty |z,=0 Zq |z,=0 . b T e

[Tepsas crpoka sToit Tabimmer Gsuia BoiGpana pamee (cm. § 6)
B KawecTBe ompefienenma k. u. Ho B cymmocTm 310 He 6oxee Kak
ONHA H3 NPENCTaBIANMEXCA BoaMoHOCTeH. Jlwbaa crpoka (1. 67)
MosKeT GHITh IPHHATA B KaYecTBe OOpENeleHHs K. m. IIpu aToM MOKeT
oxasaTbcsi Gonee ymoGHBIM moab3oBaThCA ompegenenuamm (1. 66).
BopoueM, BenmameEs m ® R CBA3aHE 0YEHBH IPOCTHIM COOTHONECHHEM

9{ = pm. (1. 68)

17. BriGop nepemeHHBIX

M= He BHACHHIA 0 CAX IIOD, 9eM HAMJIEKAT PYKOBOACTBOBATHCA,
OPUANACHBAA CMEICA CHIH Z I IepeMeleHHs y (EIE CKOPOCTHE Y)
Kakmo# m3 ABYX QPH3MIECKHX BEIWIMH HA KAKION CTOPOHE HAaHHOTO
peanbHOro IpeoGpaszoBaTess.

Ins TpaKTHIECKOro LPUMEHEHHS TEOPHH HEOOXOXAMO BHECTH
B 5TOT BOOPOC ZOCTATOYHYI0 OUPENEIEHHOCTD.

Ilpacrymass K HCCIeZOBAaHMIO [AHHOTO npeobpasoBaTens, M
MDOJKHBl HCXOLHTH H3 COOTHOIIEHHH, ONWCHIBAIOIHAX TO DPEBEPCHBHOE
QHE3EIECKOE ABIEHZE, KOTOPOE JIeKAT B OCHOBe AeHCTBEA mpeobpaso-
BaTeNs.

MaTeMaTHIeCKEM BHPayKeHHEM 3TAX COOTHOINEHWH SBIAETCA OXEA
73 (GOPMyIHPOBOK NPHWHNENA B3AEMHOCTH, CBENEHHHX B TaGIHIE
(1. 66) m (1. 67) npeanimymero naparpada. CooTHOmMERH 3TH He OHHA-
KOBHI: OHNM pasiamgaiorca 3Hakamm. OTMesas 3TO pasiadume, HYKHO
IMEThb B BUY, YTO C,py Gy, @y Dyy R ¥ M — BEIMIMHE CYIMIECTBEHHO
TOJIOKHUTENbEBE, & TAK/Ke, YTO OTHOIEHES pasMeNleHH B Tabammax
BIIOJHE ONpeeeHHbIM 00pa3oM, a IMEHHO: BO BTOPOM CTOJXOmE CTOAT
OTHOIIEHNA, BHpPaKAlOMue BIMSHEE NOePBOM CTOPOHH HA BTOPYIO
(mpAMo# omwIT), a B mepBOM cTOA6HmE — BTOPOH CTOPOHEI HA IEPBYIO
(o6paTHHE OIKIT).

Ilycte HAM fJaH peaibHHH mpeo0pa3oBaTelb, XapaKTePHE3YEMBIH
BXONHbHIME BEeIXIMHAMH, CKA)KeM, U; H U;, @ BEIXOMHHME U, H V,.

Ilpesxae BCero HY)KHO YCTAHOBHTH Pa3MEPHOCTD OPOHMBBENEHHA U.
Ecimx ono mMeeT pasMepHOCTH SHEPIHE, TO MH JOJKHB BOCIOJB30-
BaThea ompenenenmem (1. 66) m npammcars ofEOE ®3 BeIWIHE U B V
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CMBEICT Z, a Apyro# y. Ecam sxe uv mMeer pasMepHOCTb HOTOKA BHEp-
rum, To Mu upamensem ompepenenus (1. 67), m Torga omma m3 Beum-
YMH U M ¥ HONY9aeT CMHCI Z, a Apyras y.

MooycrtmM, 9TO MBI EMEEM [EJ0 C IEpPBLIM CIyIaeM.

Ilycth, manee, B pe3yabTaTe HEMOCPEICTBEHHOTO JKCOEPHMEHTA
WI¥ HA OCHOBAHMH U3BECTHLIX (U3HYECKHX BSaKOHOB (OCHOBAHHLIX
OUNATL-TAKHE HA OMNLITE) YCTAHOBJIEHA CleAyIOmas 3aBHCHMMOCTH:

] =K, 2 = —K.
Uy |u,=0 Ug |u =0

Takas xomMOmHAUEA 3HAKOB COOTBETCTBYeT BTOpoit cTpoke (1. 66),
ITosTOMY MK [OJMHBI NPHINCATh HEPEMEHHBLIM CIeLYIOMUA CMHCH:
Zy=Up; Y=V T9=Us; Yy=U,. IIpm 2TOM

E=R,

TaxaM o6paszoM, BEGOp mepEeMEHHERX BIOJHE ONOpPeeddeTcsa Xapax-
TepoM sABJIeHHA, OGYCIOBIMBAIOMEr0 B3aMMOJEHCTBEE CTOPOH Ipe-
obpasoBaTes.

3mech Mml HaTanK@BaeMcsa Ha 3aTpynHenme. Jlero B ToM, uTo
B3amMo/eficTBHE ABYX BHO0B BHEPIMH MOKET HPOHCXONHUTH HA OCHOBE
pasnmuEHX Qmsmaeckux aBnenmi. Vexops npu Bubope nepemMenHHX
BCAKHA Pas W3 ONHTHON POPMYIEPOBKE JAHHOTO SABIEHHA, MH OKa-
yReMcsa mepen Heo0XOoJUMOCTHI0 HPHUWCHBATEL OfHOR m TOX ke (mam-
9eCKOR BOIWYWHE OJWH Pa3 POJIL CHILI, APYIodl pas poab mepeMeme-
HEA, B 3aBHCHMOCTH OT MeXaHm3Ma npeobpasosanuda. IIpm Takom mame-
HEHEHM CMHCJA BeJNYWH OTHOIIEHHE WX, MIPAioliee B OTHOM Ciydae
POib COHPOTHBIEHHS, B JPYLOM CIyJIae MOKeT OKAa3aThCA B Ka-
9eCTBe TPOBOAUMOCTH (HJIE IONATIHBOCTH).

9To cO30aeT NYTAHHNY W HEYBEPEHHOCTH, TeM (ojee 4TO MOHATHA
CdJI, mepeMemeHuA @ COHPOTHUBJIEHUN Oonee HIW MeHEe YCTORTIHBO
CBSISHIBAIOTCA C OHpPEfeNeHHHMY BEIHUAHAMA B PABIMIHEIX OTHENaX
¢m3mKA.

Mu cromm, TakmM ofpasoM, mepep aJbTePHATHBON: Ju60 mpmME-
purbcd ¢ pasHob60eM B HAWMMEHOBAHWE (U3MYECKEX BEJIHYHH, aubO
HOATA HA HEKOTOPOe mpucHocobieHme TEOPHE paju COXPAHEHHS LpH-
BEYHHX IPEJCTaBIeHAH.

Uto6k mpHEATH 000CHOBAHHOE PeNIeHHE, NYKHO BHIACHUTH, KaKHe
H3MeHeHnA TpeTePIUT Pa3BUTasA BEIIE TEOPHs, eCIAHE MH GyleM npumm-
CHBATh INEPEMEHEHNM I ¥ Y (WJIE Y) CMBICA TeX ENHM HAHX QU3MYeCKUX
BeJIMYEH [0 CBOEMY YCMOTDEHHIO.

Bepremcsa k ypasmermam (1. 58), (1. 61), (1. 63), (1. 65). Ypas-
neuma (1. 58) ocraBmMm B mpejkHEM BmIe

z; =Yy + Crolas Zy = Co1¥; + Coo¥ls- (c)

B ypaBrenmax (1.61) msmeHuM CMBHCI BXORHHX BeJIWYHH, T. e.
NONOKEM T, =VY,, §J; =2;. Tormga nonysum

Zy=ayn¥; — Y Zy == A ¥; + Ayolfs. (a)
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daMena z, =1, Jy==z, B (1. 63) naer
z, = dyy, + diaf,, Ty = —dgy; + dosF,. (d)

W, nakomer, samenss B (1. 65) xak BXomuwe, TaK B BHXOZHbIE
BeJUIAHE, OOJYIuM

2y = b1 — b1gfas Ty = —bJ; + by, (b)

Taxmm o06pasoM, ypaBHERHA, HOJIyYaeMble I3 HCXOJHLIX IIyTeM
[IePEeCTAHOBKH NEePEeMeHHBIX I, i [, (Ml Z; U ¥;), OKa3HBAKTCA CXOA-
HBIMH IO CTPYKTYpe H Pa3Jr9dalnTCA TONbKO 3HAKAMHE IEPeJf B3AUMHLIMU
91eBaMM.

Ha sToM ocHOBaHME MEI MO/KEM 33MEHHTH UeTHIpPE BhINeIPHEBEJCH-
nex GOpPMEl ypaBHEHUE ONHOE VHEBepCAaIbHOI

Zy =CnY; T C1a¥s, Ty = T Coly + Coola,

UIA B CKOPOCTAX
Zy = 21Y; & 21570 Zy= 1259 + ZpYs.

Bce npuBemeHHHE paCCy:IeHHA MOKHO 6bUIO GH BEICKA3aTh
B mHO# ¢opme, ommpasch Ha kKapoHmueckme ypasuenms (1.9). Mu
MECANM [JIS ONpefeluTe]st 9THX YDPaBHEHHUH

A, = —zpp/2y = —1.

Ilepemena MecTaMd 2, B %j; €CTh IEPECTAHOBKA CTPOK, a ImEpEMeHa
MecTaM@ X, H ¥, — IepecTaHOBKAa cToabmoB onpemenmrens. Hax
OT TO#, TaK M OT APYTrod IEePeCTaHOBKU ONDEeNeNHTeNIb MeHseT 3HaK.
OT ofHOBPEMEHHOM HEepPeCTaHOBKE CTOJGHOB H CTPOK 3HAK OIpefe.ln-
Teld He MeHseTcsA. llepeMema 3maka ompefenamTeNs COOTBETCTBYET
nepeMeHe 3HAKAa OTHOMEHHA K0d(Q(HIHEHTOB NPHA B3AUMHHIX LIEHAX
ypaBHEHEA B HMCXORHOH (dopme.

IlepecMaTpmBas BCH0 IPeAmIeCTBYOMMYI0 TEOPHIO, BHAAM, 9TO IIpU
BEIBOZle popMyYT KO2PPUIMERTH 2, BXOXAT 100 B Bujle OPOU3BENeHNSA,
nz60 B BAJE OTHOIIEHHS, TAK 9TO IPHA BHOODE HEPEMEHHHIX IO CHCTEM?
(a) unm mo cucreme (d), T. e. TaK, 9T0 Koa(PHIIEEHTH OPH B3aAMHBIX
YIeHaX AMEIOT PasHble 3HAKM, ME JOJKHB MU3MEHHTh B 00mMux gopMmy-
Jax 3HAKM OPU WieHaX, B KOTOPHE NPH BHBOJE BOLLIH Z,,[2,; M.l
2,2, Ilpn BEGope se mepemesHmX «mo cucreme (b)» Bce ofmiue
dopMyaE ocTarorcA Oe3 M3MeReHMI.

Yro6H yCTpaHWTh 3aTPyRHEHEHS OPH IPAKTAUYECKOM IPHMEHEHUN
9TOr0 OpaBmia, B Ccielyiomem maparpade famEa cBogka QopMyd.

Wrak, cBOfKa [eiicTBmi npm BHOOpE HmepeMeHHBIX OILIAYWBAETCA
BBefleHEeM [IBOACTBEHHOCTH S3HAKOB. OTO He fABIAETCA, ONHAKO,
CAMMKOM JOPOTOi Ienoit, m Mu Oy[eM CUATaTh TAKOTO POAA KOMIIPO-
Mmce npmemiemunM. M3 manpueiimero BEAIO, 9TO HMKAKUX CBA3AHHHX
C OTEM HOBHX 3aTPyIHEHHWHE He BO3HMKAaeT U UTO, HAOPOTHUB, BCE
OpaKTHIeCKHe BONPOCH HOJNYYaloT yNOBJIETBOPHTENbHOE DPa3pemieHue.
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18. Cpoara dopmyn amEeiiHOH TeopHH
Ucxoxake ypaBHeHHA JBYCTOpOHHero mpeobpasosarens (§ 4 m 17)
z; = 239 T 215%5; Ty = £ 2591 + 23275 (I

Cxema 3maxoB (§ 17)
(© (a) (d) (b)
++ A=+ - )
+4+ 4+ -+ =+
B comepamax m? gopMylIax ¢ ABOEHEIM 3HAKOM BePXHHHA 3HAK

ormocutcs K cxemam (c) m (b), a HmxHmA — K cxemam (a) m (d).
Compormenerme (ompepnenenme, § 3)

z

z‘=-y.—:. (I11)

KoadduumenT mpeobpasoanma (ompenenerme, § 6)

i

—rp=a,=2 =] v
M=20 =20 = G, gm0 Trlgimo” (V)
Co6creennsie compoTmBienus (ompepenesdsa, § 8 m 10)
Z.:
" :-y-!‘ gie=0 = Ziy V)
7 Vv
%42 =, |apmo* VD

Coorromenue Me;xLy coGcrBenHEME conporuBneHuamn (§ 10)

21 _22_,,:_ _
zi_y"z_z; =1F m¥z,,2,, (VII)
2y, — 21, = T m?z,, (VIII)

Bxopgmoe compoTuBieHMe  IBYCTOPOHHero  mpeoGpasoBarens

(§ 9 n 10)
=1z, F e (X)

29y + 2’

m2
z2y=2,, % ooy U 2agl7a) * (XI)

IIna cocTaBneHUS 9KBUBAJEHTHHX CXEM INPeANOYTHTE]IBHO IOJB-
30BATECA TOM U3 9THX ABYX (POPMYyn, KOTOpas He NPUBOJUT K OTPH-
HaTeNbHHM SHAYEHMAM CONPOTUBJIEHHUA.
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YyseTsuTensHocTs (onpeneienue, § 11)

Vig = Yl 2y (X1
YyscTBUTENBHOCTS ABYCTOPOHHEro npeoGpasosarens (§ 11)
. m _ m ,
2=y 21y (Zoy +22) ~ 21y (20 + 279)° (XIID)
Jpyrue BrpamemuA Aas gyBcTBHTenbHOCTH (§ 11)
Zy - mzy — mszy XV
Z3 Z2% m2 42y (29y + 29)  zyy (227 + 22)° (XIV)
Yo __ . m cxr
R o T (Y
Zo - S m ¢
E =232V = + T+ zzy/zz' (\Vl)

Bxogmoe compoTuBieEme MHOTOKpaTHOTO npeoGpasosatens (§ 12)

— m}
Z2, = zly + UI% (XVII)
Z9y F —m
Zay + Z4y + cne

Bxommoe compormBienme AByKpaTHOro upeoGpasoBareas (§ 12)

—_ m}

S I (XVIII)
Ty 239 + 23

Bxommoe comporuBieHHme [BYKpAaTHOro HOpeoGpasoBarens IpH
2,,=0 (§ 12)

2
2,=12,%t % (25 + zy). (XIX)

Taxr kak 3gechuMeloTcA [Ba 3BeHA, TO 3HAK 3ABUCAT OT TOrO, IO Ka-
KOH CHCTEME COCTABJEHH VDAaBHEHMsS JJIsA Ka)KIAOTO U3 3BEHBEB.
3uax (+) B dopmyne (XIX) ornocurea  ciaywam, Korga aas obomx
3BEHBEB YDABHEHHA COCTABJIEHH IO OJHOH U TOH e cmCTeMe 0O
Korma mmeerca KomGmmamua (a), (d) mam (b), (¢). B ocramprmx ciy-
gagx HyxkHO Gparh 3HaK (—).

@opmynH [as BHYACIEHAS K03(pPUnMeHTOB ypaBHEHHH [BYyKpar-
Horo mpeoGpasoBatens (§ 12):

Ecam YPaBHEGHHA OTJACJIbHHX 3BEHBEB U npeoﬁpaaoaaTenﬂ B II€JIOM
HAMET BHX

Zy = ayY; + 157, zy = —by;Ys + b19¥s, Zy = 21191 + 219Y
Ty = Ay Y + Al zg=—by s + bys¥s, Ty = 25,91 + Z59Ys
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jwi ()
Ao == bu

r . .
Ty == Ty — Apglp = Ty — by ¥,

10 KO3(}PHUIMEHTH 2z, BHYACIANTCA N0 GopMylaM

4, a19b19 agmby
=g 212 ="y, In="g, ° (XX)
___bigbo; ++agoboe

Kooddmnmenr mnonesmoro geiicTsma npeoGpasoBarena (§ 14)
R ! . (XXI)

Zy 21y _
1-i-‘,-2' e (22y +22) F 1

Yacrroe sHauemme k. . I Z,, =0 (§ 14)

1
= (XXII)
me t

3nagyenme K. I. ., ompejesiAeMOro KaxK OoTHOomeHnue CpeqHUX MOII-
HocTe# OpH CHHYCOMJANBHOM peXuMeé ¥ B IIPeANoJIOKeHWH, ITO

2y =Ty 23, = [Ty ZH, =T+ Jjz; (§ 14)

1
R o (RXII)

Ucxonpme ypaBHeHHA TpexcTOpomHero mnpeoGpasosarens (§ 13)
Ty =219 T 215Y3 T+ 21375
Ty = t2Zn¥ + Z2¥5 T Z95Y (XX1V)
Ty = 12591 £ 29Y5 + 23375

Bxopguoe comporusnenue TpexcropoHHEro npeodpasosarens (§ 13)

214 (2 — 252 210 (Z9323] — 233
2, =12, + 18 (2971 — 20251) + Z19 (29971 — 23%1) (XXV)
2923 — 223233

UyBCTBATEIBHOCTE TPexcTOpOHHero mpeoGpasosatens (§ 13)
73 1
Y =22 — - . XXVI
2Ty 211 (25230 — 3233) + 213 (23125 — Zy1230) ( )
1+ 2525—2052
243 23432

Y2__ Zasly — 2912 (XXVII)

Y17 2923 — Zagzg

78



(B aTEX QOPMYNAX HONOMEHO: 2,=2Zy+2,, 2Z;==I3+7, IO 23 B Zg —
BHEIIHUE COIPOTHB/IEHHUA HA COOTBETCTBYIOMEX CTOPOHAX). Z,, CIEAYET
IOMCTABIATE C TEMHA 3HAKAMHE, KaKHe OHR EMEIOT B ypasHenmax (X XIV),
mocsie 4ero ympocTaTh (GopMYIH, HONB3YACH PABEHCTBOM Z,, =<Z,,.
CooTHolIeHAA MEHIY BeIHYAHAME Ha J10GHIX CTOPORAX HOJYYAIOTCHA
KPYTOBOH II€PeCTaHOBKOW HHIEKCOB.

Bce Bumenpmsenennsie GOpMYIB BHpPa/KeHH 4Uepes mapameTpsl
npeo6pasoBaTenia: xo3dpdEmEenT npeobpas3oBaEEA M COGCTBEHHHE
conporuBieHnA. Takoi BEGOP mapaMerpoB npefmonaraeT, 4To mepe-
MEHHBIMA ABIAIOTCA CHJIH H CKOPOCTH H 9TO 3HEpreTHIecKmEE Ganamc
CHCTeMbl BEIDA)KEH dYepe3 MOOTOKH 3HEepPIHd.

B pane crygaen ynoGree onepapoBaTh HE DOTOKAMHA DHEPTHH, a Ca-
MUMH SHeprAAMA (C 9ero MW B HaYalW Halle WCCleloBaHEe). B aTmx
caydaAx, ONMEPAACh Ha oOmpeseneHme 00OGMEHHOE yopyroctu

C=aly (XXVIII)

¥ onpenenAas KO3pPHUUUEHT Mpeodpa30BaHUA KaK
R=C =0 (XXI1X)

MOJKEM 3aIHCaTh MCXONHbHE YPABHEHHA /BYCTOPOHHero npeofpasosa-
Teasd B BHEAE

z; =0y + Cioles Ty = 1Ly + Loa¥ar (XXX)

nocie 4ero NONb30BaThCA BCEMU NPUBEJEHHHWMHU BhIe (OPMYyIaMH,
nogcTanada B Eux R BMecTo m, {; BMeCTO z, ¥ Yy, BMECTO ¥,.

19. Hemmmelinsni npeoGpasoBaTeis

BonbmAECTBO MpeamecTBYOMUX COOTHOMEHHH MOKeT GHITH moay-
9eHO B KAUecTBE YACTHHIX CJIydaeB 3HAIMTEeNbHO Oosee o6mEx COOTHO-
Imesdi#, KOTOPHE [aer HeadHeiHad Teopusa. MH magmam 3Ty Teopmio
B CaMOM KDATKOM H3JIOKEeHUWH.

IIycrs moTeEN@ANbHASA HEPIHA CHCTEMEL C JBYMS CTENEHAMHE CBO-
6o BHIpaKAaeTCA HEKOTOpO# QyEkmmeir 0606MEHHHX mepeMemenmi

C =9 U Ya)-

Cunu 6yAyT no-NpeskHEMY PaBHH

z,=08C/dy,.

CocTaBiff BTOpHE [IPOWBBOJHEE, IOIYIAM ONHY B3 GopMyimpo-
BOK TEODPEMH B3AMMHOCTHE

0x4/8y, = 0z,/0y, = 8*C|[dY,0ys. (1. 69)
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Bregem o6o3magenmA

(0x,)0Y1)y, = c11 (Y1 Ya)s (021/0y5)y, = c13 (Y15 Ya)s

1.7
(024/8Y1)g, = €21 (Y15 Ya)» (025/@Y5)y, = Caz (V15 Ya), (1.70)
rak gro (1.69) mMoxxer OMTH 3amHCaHO B BHJE
C12 (Y1:¥2) = Ca1 (Y1:Y2)- (1.71)
Bripaskerns Aaa auddepeHnmanoB CAI HMEIOT BHT
daxy = ¢y (Y15 Ya) @Y1 -+ C1a (Y1 Yo) Ay (1.72)

Adzy = cy (Y1, Y2) Y1+ Co2 (Y1, Y2) Y-

Jtn mEdPepeHnEaNbEbE BHPAKEHNA, IMe0Mue YOPMY HCXOTHEIX
ypasrernnit (1. 58), ommcrIBaloT feicTBEE HeAWHEHHOro mpeobpasosa-
tens. Camoe CymeECTBEHHOE 31€Ch TO, ITO MEXaHM3M Npeobpa3oBaHmA
BHIpayKaeTcA yxe He Kosdounuenrom npeobpasoBanud, Kax B JIMHEH-
HON cmcreme, a (QyHEUHeH mnpeobpasoBaHHAA

R (Y1, Yo) = C12 (Y1 Y2) = Ca1 (Y15 Y2 (1.73)

3aBHCANEH 0T 3HAYEHHHA Y, X Y,.

B rexHEmKe mO pANY coo6paykeHW# (HBIAraTh KOTOPHE 31eCh HET
BO3MOJKHOCTH) B GONBIIMHCTBE CJIy4aeB OTHAIOT NPENNOYTeHHEe JHMHEH-
HeIM TpeoGpasoBarensM. IlosroMy mpm HanmIum HEJHHEHHHX COOT-
gomennit (1. 72) (a crporo roBops, Bce JeHCTBHETENbHbE COOTHOMEHAA
HeJlEHeHHN) OPOX3BOAAT OmEepanmio JXHEeapH3anund.

Onepagma 5Ta COCTOHT B CJeIylIIeM: BHOEPAIOT HadYalbHEHE
3HAUeHHA ApPLYMEHTOB Y;=VY,9 B Y,=Yy TAKEM o6pasom, dUroOH
B OKDeCTHOCTAX BTHX 3HAYCHWH IIPOM3BOJHEE MEHAIHMCH HOCTATOYHO
majo. Torma ANA MOCTATOYHO MAJNHX, HO KOHEYHHX NIDPHpAIeHHH
MOKeM 3aIHECaTh

3z, &= c1y (Y100 Ya0) OY1 + 12 (V10s Y20) 0o

8y =2 Cg1 (Y100 Y20) 81 + Con (Y105 Y20) 30z (.79
9ru npubam;KeHHHEe IXHEHHLE paBeHCTBA M HPEACTABIAIT COO0H
pesynbTaT JHHEApWsanuHm BeIpaeHmd (1. 72).

IIpaxTEYecKui CMEICT BHIPaKEHAA «JOCTATOYHO MaJI0» OIPeNeIAeTC
KOHKPETHHM COfeP/KaHMeM 3a/1a9l, B KOHETHOM CUeTe — TeXHHIeCKAMA
YCIOBEAMA HA KOHKDETHYIO AaHmaparypy.

Ilepexons OT BHYTPeHEeHl 5HEPTMA K APYIHM IOTEHIHEAIAM, T. €.
MeHsIs apTYMEHTHl, MOKEM COCTaBATH elle 12 JacTHHX MpOM3BOAHHX
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(0y/02y)y. = ay, (21, ¥a), (02,/0y,)z, = d11 (¥, Zy),
(00)[0):, = by, (24, Z5),

—(041/0Y5)r, = @13 (2;, Yo, (02)/0zy)y, = dy3 (v,, ,),
—(041/02y)r, = b1y (2, ,),

(Oz5/0z,)y, = ay, (21, Ya), (04/0Y1)2, = dsy (Y15 ),
—(0Y5/021)z, = by, (z,, ),

(0z/0Y3)r, = gy (21, Yo), (0Y3/0249)y, = doy (v, 7o),
(0Y5/025)., = by (2, Z,),

U eme TPH B33aUMHHIX COOTHOLIEHHSA
@15 (%1, Ya) = Qa1 (T4 Ya), dia (Y15 To) == dgy (Y1, o), b1y (7,5 T) == by (2, ).

Ilpomssomare (1. 75) cBsasamu ¢ npomssoguaMu (1. 70) Toumo
TAKAMH jKe IOPOCTEIMA anre0pawdIeCKUMH COOTHOWICHWSMH, KAaK KO-
apPUOUEHTH @y, dyy b, ¢ KoapPunUeHTaMM C, iMHeHHOH TeopHH
(cM. Tabnuny Ha crp. 209).

B npepenax copasegmmBocTd npmGnmxeHnnsx pasemcTB (1. 74)
MBI MOKeM IPAMEHUTH K JIMHEAPN30BAHHOM CHCTEME BCI0 H3JI0KEHHYIO
Bhe JuHEAHYI0 Teopmio. Eciam ke 310 moTpeGyercsi, ME MOMKeM
YCTAaHOBHTH HA OCHOBAHMHM TOYHHIX ypaBueHmit (1. 72) pymKmmonams-
HYI0 3aBHCHMOCTb Z; B Zy OT Y; U Yy, 2 TAK;Ke LIECTH OCTAIBHHX QyHK-
AOHAJBEEX 3aBHCEMOCTEH MIA [OPYTHX AapPIyMEHTOB.

Bepremca k ¢yuxkmum mpeoGpasosamma (1. 73) mas rToro, ITo6H
Pa3BACHUTH OJHO BAKHOE 00CTOATEIBCTBO, XapaKTepHOe AJA HelrHeH-
Hoit cucremsl. Comocrapasag (1. 69) ¢ o6osnazenmamn (1. 70) = (1. 73),
MBIl THIIEM

(1.75)

02,/0y, = 02,/0y, R (Y1, Y2)-

Kax yme rosopmiock, R ecTb He DOCTOAHHHHE -K0apPEOEEHT,
a pyEKnEA cBomx aprymenToB. IIpm ompeneseHHRIX 3HAYCHHAX apry-
MEHTOB OHA MOKET, B WaCTHOCTH, o0pamarscs B By b. IlycTs y =y,
ecThb Takoe 3HaueHme, T. €. OYCThb RN (Y0, ¥o)=0.

IIpu 5TOM, NPHHIUOAAJBHO TOBOPSA, B3AMMHOCTH OTCYTCTBYET,
T. €. HA A3MEHEHNA Jj; He BRI3KIBAIOT H3MEHEHNUH Z,, HA COOTBETCTBEHHO
H3MEHEHHS Y, He BEIBHIBAIOT m3MeHeHm# z;. Tak ofcTomT meno mpm
6eCKOHETIHO MaJEIX OPAPAIMMEHAAX Y, H Y,, IPH KOTOPHIX MOKHO CYM-
TaTh

o Ryp+dyw) = 0 =R (Y100 Y2+ 2y)-
IIpw KOHEYHHX IPHPAMEHEAX aPTYMEHTOB MEI HOJIYIAM

R (Y10 + By.y2) 7~ 0, R (Yspr Yo+ 08y, =0.

dro o3mgavaeT, d4ro UpeobpasoBarenb AeHcTBYeT B OJHY CTOPOHY
(r. e. or 1 k 2) = He feicrByer B 06paTHYIO CTOPORY (T. €. OT 2 K 1).

6 A. A. Xapkeend, T. 1 84



Takoe HapylleHEe B3aUMHOCTH OODLACHAETCA TeM, YTO BCIENCTBUE
XapaKTepHOH [JsA HeJumHeZHOH CHCTEMB 3aBMCHMOCTH QYHKIuEE
npeo6pasoBaHuss OT apTyMeHTOB NnpeobpasoBaHme coBepmaerca B ofe
CTOPOHEI IPE PA3HBIX PEKUMAX. YCTPAHHTH BTO MOKHO IPU HOMOINZ
BHIIEYIOMAHYTOA JHHEAPU3AMUH.

Msbr paccMOTpesu CHCTEMY, SHEPIHA KOTOPOH BHIpaKaeTcs depes
nepemenieniusa. OGparmmca Temeps K Gonee obmeMy ciaydalo, kKorga
pHEPrusA ecTh QYRKIUA He TOJIBKO IlepeMeleHu#, HO W CKOPOCTel,
T. e. B npocreitiem cayaae W=W (y;, Y1, Ys: Yo)-

Cocrasnm paoddepeHnman SHEPTHR

ow ow

ow , . ow .
dW_d_g/l_dy1+0—yidy1+ @;dyz‘l‘@;dyzv

n BBelleM 0003HAYEHHSA
Wloy, ==z, W)oy,=w,.

Bennuunn z; NMeKT NO-Mpe/KHEMY pa3MepPHOCTb ¥ CMEICH CHI,
a BeJUYUHH W, — UMIYIBCOB.

CocraBisig Temepb BTOPHE NPOM3BONHEIe dHepruu 0:W/dy,dy,,
0*W|dy 0y, u 9°W|3y,0v,, MOKeM MONYIUTH YeTHpe B3AMMHEIX COOT-
HOIIEHUsI MEKIY NePeMemeHuAME, CKOPOCTAMY, CHIAMHA U UMIYbCAMU

0z,/0y, = 0x,[0Y,, 0w, [0y, = 0w, /0y,
0z,/0y, = 0w, [0y, OWw,|0y, = 0z,/0Y,. (1.76)

3aMeHAS apryMeHTH, T. ., BBOAA HX UHCIO Z; M W; BMECTO ¥,
u 7, (4TO COOTBETCTBYeT IepPeXoAy K ADPYrEM MOTeHUUWANaM) M Co-
CTaBIAA COOTBETCTBYOIIMe BTOPHE IPOM3BOAHEE, MH MOYKEM IONy-
YuTh yike He YeTHIpe, a mecThbiecAT gerTwpe (4 X 2) B3auMHHX co-
OTHOIIEnu.

Pacemorpum npocreiiiuit cnyuait, ITycrs

W == W (ylv 92)‘
Torza
w=2,=0, dW =uz,dy, + w,dy,.

Bmecro uernpex Bsammumx coorHomenu# (1.76) Gymem wmmets
TONBKO OJEHO .

w0y, = 0z,/0Y,,
a 3aMeHa apryMeHTOB fjaeT Bcero gerkipe (1 X 22) B3amMaNX CooTHOmE-
gus. Bor Tpm ocTampHHX
Ow,|0x, = —0Y,/0Y,, 0Y4/0y, = —0z, /0w, 0Yy/02, = 0y, /0w,
82 '



20. Ymeno ommiTOB, OmpeneAOLIKX cHcTeMy

B upepmnymem maparpade 6ua0 10kasaHo, 4To ecay 3HEPTAA
CHCTOMBI ¢ IBYMA CTENEHAMH CBOGONM BlpaaeTcA ¢yHKIMed JBYX

0606meHHEX TIepeMemeHNiA i) | Yy, TO CYMECTBYCT B3AUMHOCTD, BLIpa-
’KaeMas PaBeHCTBAMI

(0z9/0y,)y, = (02,/0y,)y,-

3aMeHO# NepeMEHHKIX MOKHO HONY9HTh €me Tpu N0To6HMX ke
cooTHOmeH”A. Bce wacTHEe mpom3BOAHHE CBAsaHB MEKILY COGOK
IPOCTHME anTe6pamdecKuMU COOTHOLWIEHMAMHU TakmM olpasonm, 410
#3 16 BO3MOMKHBIX NPOE3BOMHBIX JIOCTATOYHO 3HATL 3, urobsl onpene-
AuTh ocralbuble 13 (rabamily, KaoImyl NpcoOpazoBAHHE 9ACTHLIX
OpOM3BOIHEIX K HOBBIM aprymentam, cM. B llpunoskenum, ctp. 209).

Kaspaa wacrmasa mpomsBogmas Bmpaskaer coGoit peayabTaT He-
KOTOPOr0, BIOJIHEG OLPeeJeHHOr0 ONObITA, KOTOPLIi MOAHO IPOU3BECTH
Haf cacremoit. CKasamHOe BHIIE 03HATAET, 9TO CUCTEMA C ABYMS CTeme-
HAMEA CBOOGONH BIOJHE ONDENENHETCA TPEMS Pa3IMIHBIMM ONBITAMH,
Ha OCHOBAHHH DPe3YJILTATOB KOTOPHIX MOIYT OHTH UpPENCKa3aHW pe-
3yJABTATH OCTANbHEX 13 BO3MO;KHBIX OMNBITOB.

Jlanee M0OKHO COCTaBETH BOCeMb QYHKIHOHAIBHLX BaBHCEMOCTEH
KaK/(Oi M3 YeTHPeX BeJRYHH X, Z,, J; ® Y, I€pe3 ABe Apyrae, Bubpan-
HHE B KadecTBe aprymenroB. Haskmas @3 Tak@x saBACHMOCTEH momy-
9aeTcA NUyTeM WHTerpHPOBaHEA [ApOepeHNrATIbHEOr0 BHIPAKEHHA,
COflepKamero ABe YaCTHHE IPOH3BOJHLIE N0 COOTBETCTBYIOMHM apry-
menraM. Hampumep, y, BEpaskaercsa gepes y, u r, ciegyomam obpa-
30M:

Ay == (0Y,/04,)28Y,; + (0y5/0%,),dx,.

Bosumkaer Bompoc o TOM, CKOIBKHEMHZ ONBITAME OLDEASNAETCH
CHACTEMa C 1 CTemeHAMHE CBOGOMH.

Tlepexon OT MOTERUMANTBHON SHOPIAK K IPYTUM DOTEHIHANAM COOT-
BETCTBYET MEepPecTAHOBKE NMepeMeHHHX Z, U [, B i-i creneEl ¢BoGOAH.
Taxax mepecranoBox MoskeT 6riTh 2°. Haskmas mepectamoBka cOOTBET-
CTBYOT OJHOMY KaKoMy-1u00 NMOTEHIHANy; COOTBETCTBYIOMUE I ypaB-
HEHHAHA coneprKar n® JacTHHX NPOM3BOJTHHIX, KAMKAAA B3 KOTOPHX COOT-
BETCTBYeT ONpPENEIeHHOMY ONHTY.

Taxmm o6pasom, ofmee YACIO ONKITOB, KOTODLIE MLl MOMKEM LpPO-
H3BeCTE HAJ CHCTEMOR ¢ n cremeHAME CBoGope, paBHO N=2".n2

Kamxpmomy noTermmany, T. €. Ka’kKEoMy BHOODPY apryMeHTOB, COOT-
BETCTBYET 1 YPaBHEHHH, TPeACTaBAAIIMX co60f BHparkenusa n QYHK-
omii gepes n aprymentoB. TakmM 06pasoM, Mbl MOKeM COCTABHTDH
B obmeit caosuocrm N'=2"-n=N/n ypaBrenmii, umeommx ¢opmy
BEINEOpHEBEeLeRHOro AudpepeHnaanbHOT0 BHIPAIKEHNA.

Hobasnsag n-1 cTeneHb cBOGOMLI, T. €. n-I0 CTPOKY @ n-i croabei
B Tabnmmy KoaduumenToB, ME BBOAEM [JOIOJHUTENbHO 2n—1 Benm-
9@H, @3 KOTOPHX, OfHAKO, TOJBKO N He3aBHCHMH, TAaK KAaK OCTalb-
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mne n—1 ompemenAnTcA B3aEMHHME cooTHOmeHmAMH. VI3 aToro cie-
LYeT, 9T0 9;CJI0 He3aBHCHMHX (T. €. He BKIIYAIMAX B ce6 B3aUMHEIX
COOTHOIIEHH) ONLITOB, BIOJIHS OIPeesAIlee CACTEMY C I CTENICHAMH
¢BOGOJE, PABHO

N,= -;Tn (n41).

TakuMm o6pasom, MH IOlydaeM CIeIyIOMUA OTBET HA MOCTaBleH-
HH BOOpOC:
Cucrema ¢ n creneHAMu CBOOOZH BIOJHE ONpejelfAeTcsa Pe3yls-

1
TaTaMa N0=-§n(n+1) ONHTOB, NO3BOIAKINUMU: a) HpPeJCcKa3aTh

1
pesynbrats  ocranshex N — Ny=-[n (2"t —1)—1] Bo3MOKHHX

OnHTOB; 6) YCTAHOBMTH C TOYHOCTBIO JO MOCTOAHHOM KaKAYIO U3
N!'=2".n QYHKUMOHAIBHHX 3aBHCHMMOCTeH, BEHIPAKAIOMMAX KaXKIYI0
U3 nepeMeHHHX QYHKUKHeNl n OPYruX, BHODaHHHX B KadecTse
apryMeHTOB.

Ona paraggeocTd mnpHBefeM UMOPH Ind pasiMIHOrO dMCIa CTe-
neHeir cBOOOXB

Ymeno creneneil ceoboaw n 1 2 3 4 5
Yrcno BOSMOMKHEIX OOHITOB [V 2 16 72 256 800
Yueno (YEKOUOHANBEHX 3a- 2 8 24 32 160
BECEMOCTeR N’
Yreno HEoGxofAMEX ouwTOB Vg 1 3 6 10 15
Tanasa 2
OPEOBPA3OBATEJIN

C TOYKH 3PEeHHA TeXHWYECKHX HPHMEHEHHH nenecoobpasHo pasim-
9aTh ClefyloIlde NOATH BHAOB HEDPIHH: MEXAHHIECKYIO, DJIEKTpHUe-
CKYI, MAaTHATHYIO, TEILIOBYI, XAMHIECKYIO.

Haxmui 3 5THX BHIOB MOKeT IepexOonuTs B Apyroi. QueBmauo,
9T0 YHCIO COYETAHUA M3 YUCJIA BHNOB BHEPTHH IO [BA PABHO JECATH.

M=uI HCKI09AM, OLHAKO, E3 PACCMOTPEHHSA XHMHYIECKYI0 3HEPTHIO,
TAK KaK ee IpeoOpas3oBaHmsa B JNPyrme BHAL SHEPIHH OTHOCATCH
K o0mactm (QH3MIECKOM XHMMHH. 3a BHYETOM XWMMHIeCKMX gBIeHUH
9HCI0 PpaCcCMATPHBAEMHX BHIOB mnpeolpasoBaHdAA COKpamaeTcs [0
MecTH.

B obnactax MexaHAKH, 2IEeKTPUIECTBA, MACHETE3MA K TePMOTHUHA-
MEKH YCTAQHOBHJIACH NOCTATOYHO OIpeNeNeHHAs TPAJHANAA, IPUIACH-
BAOMAA CMECI 0000meHHHX CHI H 0GO0MEHHHX NepeMENeHdi X
CKODPOCTel BIOONHE OmpeNeNeHHHM BEJMIMHAM.

Bonpoc coBepmenno siceH NPHMEHHTEIHHO K MEXAHHKe, A3 KOTO-
poil ¥ 3aMMCTBOBAHA OOIAA TEePMHHOJOILHSA.
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B obnacru 3meKTPOTEXHUKM HAOPSKEHUAM OPHIHCHIBAETCHA CMBICT
CHJI, & TOKaM — CMBICK cKopocTeil. ta ato, Meskay npodum, ykasupaer
U TEePMHH (3JIEKTPONBIKYIMAA CHJIA».

B ofmactu MarmeTu3Ma CMbICI CIJI OPHUIKCHIBAETCA MATHUTONBUAY-
mM@M CHJIAM, & CMBICI HDepeMemenus — MATHBTHHM IIOTOKAaM.

B ofnacTu TepMonmHaMEK®E POJb DepeMeweHuA yao6HO NpENECATh
BHTPONHH, & POJb (TeMIOABUKYINel CHIE — abCOMOTHOR TeMmuepa-
Type.

M=u He uMeeM HMKAKHX OCHOBAHUH OTKA3HBATHCA OT CYMIECTBYIO-
mei Tpagmiua. [losToMy sakpenum ciefywmme zHadeAMA CHJ, mepe-
MeeHMH W CKOpOCTed [ pasJWIHHX BHUOB oHepruu (taba. 1).

Tadonuna t

0606 erHoC O6o6weHHan
Bup eHeprun O6obmennan cuia HODCL;%MCHHO cxogji)crb
Mexarnueckas F — mexanuye- u — CMemeHue U — CKOpOCTh
cKad cuia
dneKTpHIeCKas U — panps:xeHme | ¢ — 3apAf i — TOK
Maramrraasa M — maranTojBu- |®P — MarguTHLIA d— Npon3BOfHAA
Kymasa CHJIa LOTOK MarguTHOTO
noToKa 0o
BpeMEHH
Teunosan T — remnepatypa | S — aHTpODEA S — npomsBofHanA
9HTPODNNHE IO
BpeMEHH

B tabn. 1 gna xammoro BuAa SHEPIWH NpPOHM3BefeHHE CHIN Ha
oepeMemenne HMeeT pPasMepHOCTh JHEeprHd, a HOPOHM3BENeHHe CHIH
HA CKOPOCTH — PAa3MEPHOCTH MOTOKA SHEPTHH MM MOIIHOCTE (3ame-
TEM HONYTHO, YTO KA XUMHYIECKONA SHEPTHEM POJEL CHAK HIPaeT TaK
Ha3HBaeMH# XAMOYECKHEA DOTEHOHMAN, & POJdb IepeMemeHus — KOJIH-
9eCTBO BEMECTBA).

Ina panpEefimero HaM HY/KHO elle KOHKPETH3HPOBATh MOHATHE
CONpPOTHBIEHUA. JTO IOHATHE IEPBOHAYANLHO BO3HMKIO B ofxacTum
snekrporexauxkm. OmpefeleHEe 3JEKTPHIECKOr0 CONPOTHBICHHA Ta-
KOBO:

Z="Uli=Ulq.

3a mocnengEee BpeMsA NOHATHE W ONpefie]ieHnme CONPOTHBICHHA
BBeleHH B 061acTh KolebaTeabHOA MexaHUKE ¥ akyctukd. [lo npmea-
TOMY B HACTOAIIee BPeMs OIpeNeleHnI0 MeXaHuIeCKoe CONPOTHBICHENe
eCTh
3=Flv=F|a.

IomATHEe MArHATHOTO CONPOTHBIEHHA HABHO YysKe IPHMEHAETCH.
Omno ompenenseTcs TaK:

R = M|®D.



Jd10 — ormomenme obobmerHo# cman K 0600mEenHOMY mepememe-
HEIO, T. €. BeJMIAHA, HMel0mas CMECI 0606mennod ympyrocram,
a HO COOPOTHBIGHHUA.

Haxonen, momATHE TeNJIOBOI'0 CONPOTHUBJIGHMA TaKiKe U3BECTHO.
[IpmmersaeTcs BenmumEA, 00paTHAsA CONPOTHBJIEHHIO, HA3HIBaeMas
remronpoBofHoCTE0. OHa oOmpedeNsercA Kak OTHOUIEHHE IIOTOKa
remna () K pasHoCTH Temmeparyp O

x=0Q/6.

XoTa BenwdmHH R I x HE COOTBETCTBYIOT HAIIMM 00InuM 0603Ha-
geHEAM, MH He OyleM BBOLHTH HOBHX OIpefeleHHHA, HO BBelem
B faJibHEeHmeM COOTBETCTBYIOIIAE MHOMKHETENN NPU 3STUX BEIHYMHAX,

Qusmka 3HAET OYCHH MHOTO pa3lIUUHHX ABIeHEE m 3ddexTos,
IpefcTaBIARINEX co60f DO CYImecTBY ABJeHHA MIPe06pPa30OBaHMA 3HED-
IEE 43 OgHOTO BEAA B Apyroi. MH He GyleM IpeInpMHAMATE 3Mech
He TOJBKO CKOABKO-HEOYAL MONHOrO 0030pa 3THX ABIEHWH, HO Jajke
I OpoCcTOro mepedmcieHuA mX. ViMesa B BHIY 9uCTO YTHIATADHbIE
OPUMKIAJHEE LeJd, MBE OTPAHHYEMCHA PACCMOTPEHHEM TOJBKO TAKEX
PusHIeCKHX ABIGHMH, KOTOPHE NPOYIHO BHEIPMIMCH B TEXHAKY. Mu
OIYCTEM TAaKMe ABIGHHS, KAK TaJbBAHOMATHUTHEIE, TeDMOMAaTHUTHbE,
ITEPO3IEKTPAYECKAE W MHOTHEE ApYr@e. 3a BHYETOM DTOTO OCTAETCA
COBCeM HEMHOIO ABJIGHUWH, BXONAMEX B KPYr HAIIEr0 HCCAELOBAHMA.

It ABIeHAA N4 yRo6cTBA 0603peHAs CBEIOHN HuKe B Tabi. 2 1 3.
Hapsany ¢ TakaMm ¢yHIaMeHTAJbHEIME ABIEHHAME, KAaK DIEKTPO-
MArHUTHASA UHAYKOAS ® OOpaTHHA e 3IeKTPONHHAMHIECKHI
sddexr, mam ABACHAS TePMOTAHAMEIECKOTO IPeobpasoBaHUA, COCTAB-
INAoIEe 0CHOBY BCO#l Hame#d COBPeMEeHHOH 3HEPTETMKH, MBI PACCMOT-
pHUM ABJIEHEA, WCHOJAB3YEeMEe JUIIs B IPpub0pOCTpOeHAN, KAK, HANPH-
Mep, Ibe30dJIeKTPAIECKANR I MaTHATOCTPEKIHORERA dPdexTer. Obpa-
THEMEE YeTHEHE W HedeTHHE SBJEHHA CIPYOOEDPOBAHH B Taba. 2 m 3
cooTBeTcTBeHHO. B T1a6a. 2 m 3 mo crpoxaM ® mo cToa0maM CTOAT BHIH
aHeprum. B tabx. 3 TemmoBas 9HePTHA OTCYTCTBYET, TAK KAK JeTHHE
‘mpeobpa3oBagms APYTMX BHAOB DHEPTEA B TeINO0 HeoOpaTHMEL.

Hax Bumgmo m3 Taba. 2 m 3, paccCMOTPEHHIO NONIe;KaT B obmei
TIOKHOCTH Clenylomme IpeobpasoBaTeld.

1. Jaekmpomeranuneckue:
:a) 3IEKTPORMHAMHEYECKHHA, 6) 3JEKTPOCTATHIECKHIL, B) HbEe303IEKTPH-
‘JeCKHM.

2. SaekmpomasHummuviiL.

3. Maznumomeranuueckue:
:d) ¢ HONBIWKHEIM Keje30M, 0) MaTrEHTOCTDHKIEOHHBIA.

4. Tepmoasexmpuneckuil.

5. Tepmomexranuueckutl (TepMOTHHEAMAYIECKUIHA).

H paccMorperuro sTEX npeoOpasoBaresneil ME M HePEXONAM.

Onmpascs Ha 00mYI0 TEOPHIO, MBIOKEHHEYIO B IIEPBOlL IriI1aBe, IPeMk/e
BLero 3afiMeMcA IPOCTEANEME 3IEKTPOMEXaHHIECKUMHA mpeobpasoBa-
Tenavu. IIbe303ekTpryeckni IpeoGpa3oBaTenb BHAEAACTCAB 0COOHIHA
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TaGnenoa 2

OGparaMbie HeYeTHHE ABIEHHA

Bupn aHEprud MexaHAgeCKan DaeKTpryecKast M aTHHTHAA Tenaosan
Mexannue- 1. duexrtpoju- Tew:1080e
cKas HaMHdecKHil pacaripe-
addeKT HHE Tea
2. O6paramnil
NBO3UBIIOK-
TPHEYECKH il
agdexr
dmextpuye- | 1. daekTpomar- Amextposar- | Tepyoasex-
cKaf HATHAS HHAYK- HUTHAA HH,YK-| TPHYECKRA#E
uasa (HaBefeAuUe 1us (EaBege- | apdexT éﬂB-
3. J. ¢c. OpH HWe o. . ¢. | deBue JIee-
ABMKEHHHE HpO- npu maMeHe- | Geka)
BOJHHEKA B 1I0- HHM TOTOKA)
718)
2. IpesodneKTpH-
yeckmit apexT
MarguTHas Cosparme no-
JIA TOKOM
Tennosas |Bugenenue Tenna | TepMoamexTpu-
npu c:kaTa® Tenal yeckuil addexT
(aBnenue ITenn-
The)

pasieN, Tak Kak HeOOXOAEMOCTh BBeNEHEA TEH3OPHHIX COOTHOIIe-
HO# CHIBHO YCIOMKHSET 60 M YBEeIEIABACT 06beM H3I0KeHAA. JNeK-
TpoMexaEmTeCKEe Ipeo6pasoBaTeNn ¢ MPOMEKYTOIHEM mpeoGpasosa-
H7eM SHepIEy B MarHETHYIO (OpMY TaKike BLIEIEHEl B 0COOKIA pasyie:r.
9tr npeobpazoBaTens OOBENHHAIOTCA C TOUKE 3PEHUA obmef# Teopmu
TeM IPEBHAKOM, 4TO KaK 9JEKTDPOMeXaHEIeCKEe mnpeoGpasoBarens
OHE ABIAITCA ABYKpaTHHMEZ. Janee ciaefyeT m3I0>KeHHEe TEPMOAEHA-
MZYECKEX COOTHONMEHMEA B pamkax Hameit Temu. Haxomem, Bompoc
0 pAacmpefeleHEHX NOCTOSHHHX H Kone6aHMAX PACCMOTDEH TaKKe
B 3TOH TiaBe, a He B o0Omell Teopwmm, TAK KaK TeXHHIECKHE OpHMe-
Hes@sa ONpPENeNsoT HEeCKOJbKo Gomee yBKYH NOCTAHOBKY 3ajadH,
KOTOpAas, CTANO GHTH, Jerde W paspemaercs. }

Mpmcrynas K DPAcCMOTPEHMIO Ka’KIOTO 13 npeofpasoBareneit,
Mul GyjeM HCXOJHTh W3 OUBITHBIX 32KOHOB. Bribop aprymentoB 6yner
[pOH3BONETHCA HA OCHOBAHHE CKABAHHOrO DAHee. Ilpm sToM B psAgme
CiLyd9aeB OKKETCA, IT0 K0dPOUImenTE! npeo6Gpa3oBaHmsa IO HameMmy
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Ta6numa 3
OGpaTaMble 9eTHBIE ABJEHHSA

Bup sHepruu Mex aHMYECKas JNeKTpAdecKan MarxuTtHas
Mexannueckas Namenenme caaw |1. Ilpmrasxenue
NpUTHKeHUA 06- FKEJIEBHOT0 AKO-
KJIafl0K KOHJIeHCa- A MarHATOM

Topa npu maMeHe-| 2. MarmurocTpmk-
HUY HaDDAKEHAsA| HHOHHHI -
eKT (addext
HHOYJIA)

dnexTprueckan | IaMenenue sapana
HIM  HanpAMeHds
OpH OTHOCHTEIBHOM
1lepeMemeHuM 06KIa-
MlOK KOHJEeHCATOPA

MarurTHas 1. WameHeHue noro-
Ka LpH JBHKeHUH
AKOPA

2. OfparHmit Maram-
TOCTPUKIHOH HEIH
s3¢pdexT (nneaomar-
HeTHmaM, 3pPpexT
Buanapn)

o6meMy ompejeseHmI0 He COBIAJAIT C KOHCTAHTAMH Te€X WM HHHX
ONHITHHX 3aKOHOB BCIENCTBEe TOTO, 9TO AapTYMEHTH, BHIGPaHHHe
npa GOPMYIHEPOBKE STHX 3aKOHOB, He OBLIM TeMH, KOTODHE M HAa3H-
BaeM 0006MeHHNME NepeMemMeHnsAMY [ Pa3IAIHbX BAAO0B SHEPIHH.
910, KOHEYHO, HEe MEHseT CYTH [eJa, HO IPHBONAT K HeoGXommMmocT:
BHIPA’KaTh K. I. [. OPH DOMOIIA COGCTBEHHBIX KOHCTAHT.

Ilpm paccmoTpenmm pasiamyHBIX mpeoGpa3oBaTenelr HAM IOHANO-
0ATCA Kax JmWHEHHAasA, TAK W HelWHeUHAsa TEOpPHH.

1. HIpocreiimme 31eKTpOMEXaHHYECKHE HPEOGPA30OBATENH

1.1. JnekTpomuEaMmYeckmii mpeoGpa3oBaTelb

OnuemM m3 Hambomee PACIPOCTDAHEHHHIX SABIACTCA DIEKTPONHHA-
mmieckmii mpeo6pasoBarens. OH mMeer mambonbliee 3HAYEHHE B TeX-
HEKe KaK CHIBHOTO, TaK W CXaboro TOKA. JIeKTPOTHHAMIIECKHH
npeo6pasoBaTens BHIONHAETCA B CAMBIX PasHOOGPA3HHX KOHCTPYK-
THBHEIX (OPMaX, HO B OPHHIOFOE YCTPOMCTBO €ro CBOTHTCS BCErNA
K CHCTeMe IPOBOJHEKOB, MOTYMel IIepeMemaThCA B IIOCTOAHHOM OTHO-
POAHOM MAaTHHETHOM IIOJIE.
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Ecan uppyknma B marautoM none ects B, a o6mas namna OpOBOJ-
HEKA [, TO MBI MOKEM CPa3y BLIIMCATb Ba OCHOBHHX 3aKOHA, yOpaB-
JAMAX [eHCTBEEM 3IEKTPOIUHAMAIECKOIO NpeobpasoBaTes

F = [[Bi] (2.1.1)
(sakon Bmo-Casapa) m
U=—(1[Bv]) (2.1.2)
(3aK0EH HERYKOWHZ).

Jlas Hamnyqmero memonb3oBaHus 060mX 3QPEKTOB KOHCTDYKTHBHO
0pOpPMIAIOT BIEKTPONEEAMHEIECKHE mpeoGpa3oBaTens TaK, 9YTOGH
HAaIpaBJIEHAA NOJA, TOKA W JBWKEHHS OLIIM B3aMMHO NePIEeHNHKY-
aspEn. Torpa mpegmpymme BHPaKeHHS 3aOUIMYTCA B CKAIAPHOM
dopme

F = Bli, U= Blv. (2.1.3)

Ilpm atoM HymHO mMeTh B BEAY, 4T0 3akoH Bmo-CaBapa maer
BHIpaKeHUe CHJIH, 06yCIOBIEHHOA TOIBKO TOKOM (T. €. IPH HEIOBIIK-
HOM IPOBOJHMKE, KOIFa OTCYTCTBYIOT peaknmu, o6yCIoBJIEHHEE NBH-
’KEHHEeM), a 3aKOH MHAYKIMM [aeT HaOpsKeHHe XO0JOCTOr0 X0ja,
T. e. 3. . ¢. IIpunsB ato Bo BHmManme, mosxygaem us (2. 1. 3) Baammuoe
COOTHOIIEHHE

U

v

Bl. (2.1.4)

_f_' _
im0 0 om0

Cumras 37eKTPAIECKYI CTOPOHY BXONHOMR, MOMEM 3aIIHCATH YPaB-
HeHHS 3JEeKTPOLAMHAMUYIECKOro mpeoOpasoBaTesid B Buje

U=Zji=Blv, F=Bli+p, 2.1.5)

rie Zy 1 3, — COOTBETCTBEHHO COGCTBEHHBIE CONPOTHBICHHA 3JICKTPH-
9eCKOA B MEXAHWIECKOH CTOPOH. MH DPHCBOMIN HALPAKEHAI CMBICH
CHJIE, & TOKY — CMHICJI CKODOCTH, KaK YCIOBHIHCH paHee. 3HAKE
OpE B3aEMHBIX YiIeHAX Yy Hac MOXyYmiIdch pasusie (cucrema (a) § 17).
IToaromy, monbaysace cBogxoi § 18, moxem Bmnmcars gopmyus (X)
nis BxopHoro coupotuBienus (XXI) ana k. m. A. B cregyomewm Bufe:
Bl)2

7 —z 4 \BU? 2.1.6

0 + % +8 ’ ( )

p= ‘3 — ) @2.1.7)

0 0
1+“3‘ 1+(Bl)23° +3

3nech 3 03HadaeT BHEMIHEE MEXAHWIECKOe CONPOTHBICHME HIH
Harpysky npeoGpasoBarens. Taxmm o6pa3oM, sIeKTPAIECKOE BXOTHOE
CONPOTHBIECHEE 3JIEKTPOAUHAMEIECKOro mpeobpasosarens Tem Gombiue,
geM MEHBIIEM MEXaHWIECKEM CONPOTHBIEHWEeM OH HarpymeH. llpmse-
JEHEHOe COIpPOTHBJIEHHE

Z = sﬁ)z 2.1.8)
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Ha3LIBAIOT MHOTKA CONPOTHBIEHHWEM peaKIdH UJIE CONPOTHBIEHUEM
neuacerua (motional impedance).

JNeKTPHICCKAA IKBUBANEHTHASA CXCMA, COOTBETCTBYImaA (2. 1. 6),
uszobpasena na puc. 2—I1—1.

BumrenpuBegeHHble COOTHONIEHHA XapaKTepU3yoT pabory siex-
TPOAMHAMUIECKOTO HpeobpaszoBareNs Kak [BHrarejsa: mpeobpa3oa-
TeJib NUTAETCH IHEPrHeil ¢ DBIEKTPHICCKOH CTOPOHH H HPOUIBOTWT

Zp
-

Ly z"

Puc. 2—1-—1. DKBHBAJEHTHAN 9NEKTPUYECKAA CXeMa 3JICKTPOAHHAMMYCCKOro
npeobpasoBaTensi-fBAraTen s

I0JIe3HYI0 paboTy Ha MexaHmYeCKod cTtopore. CoBePIIEHHO CUMMeTpHd-
HbI€ OTHOCHUTEJIBHO MEXAaHHYECKHMX H 3JEKTPHUECKAX BEJIHIUH BHIPa-
JKeHNA ONMCHIBAIOT paboTy mpeobpasoBarens-remepartopa. Ero Bxop-
HOe MEeXaHWYeCKOe COIPOTHBIEHHE

Bl)2
b=+ 7tz 2.1.9)

Ime Z — BHEIIHAsA HArpy3ka TemepaTopa.
HKosdpdunuenr momesmoro feiicTBms remeparopa

1 1

=— - . (2.1.10)
14+7 1+ B %o+ 2)
JHo6GaBognoe compoTuBIeHEE
__ (Bl)?
V=277 (2.1.11)

€CTh OPUBEJIGHHOE K MEXAaHUIECKOH 9acTH COUPOTHBIEHHE SICKTDH-
9eCKOH peaKmumd.

[Ipmvenenue osiexTponmEaMmdeckoro mpeobpasoBaTensi OdeHD
o6mmpro. H sToMy Kiaccy OTHOCATCA BCe MAMEHE HOCTOSHHEOLO
TOKa B MHOIHe MallEHH IePeMeHHOIro Toxa. VIx ycrpoiicTBo ofme-
H3BECTHO, i MK He 6y/eM Ha HeM ocTaHaBIMBaTHCA. He MeHee mupokxoe
OpAMeHeHUe HMeeT BIEeKTPOAMHaMEmYecKud npeobpasoBarens B mpu-
Gopocrpoennn. B o6mactm snexTpoMeTPEE THROIAIHEIM OpefiCTaBUTeIEM
8JI6KTPOIMHAMEIECKOr0 Npeo6pa3oBaTens ABIAETCA MAaTHATOIIEKTDPU-
deckmid mpmbop tmma [lempe-n’ApcoEBans ¢ HOABEAKHON PaMKOM.
CTpyHHEIE raIbBaHOMETDH TAKIKe OTHOCATCA K 9TOMY Kiaccy mpeobpa-
3oBarenefl W NPEeJCTaBIANT OPEMEP OCYIIECTBICHMA HICKTPOLHHAME-
9eCKOT0 OpAHNHENA B OPOCTEAmel KOECTPYKTUBHOMK $opMe: OHU EMEIOT
OHY eAMHCTBEHHYX0 IPOBOJIOYKY, NOMEMEHHYI0 B ONHODOJHOE Mar-
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HETHOe Tojie. B aBTOMAaTUKe W TeleMeXaHUKe HPUMEHAIOTCA MHOTIO-
YECJAeHHbE BIEKTPONMHAMUYECKHE DeJie CaMblX Pa3HOOOPA3HEIX KOH-
CTPYKIHI.

OgeHpr mMHUPOKOe NpPHMEHEHHE HAXOJAT JIEKTPOAMHAMUYCCKHE
mpeobpasoBaTesnm B 3JIEKTpoaKycTmke. Basxmefimuid Tum rpoMKo-
ropopureseii — snexkTpopmnammdecknit. [llmporo pacmpocrpanentt
TaK}Ke 9IeKTpofuHaMpIecKue MuKpopousi. V3a061eHHAA KOHCTPYK-
TuBHaA opMa — BTO HONBIKHAS KATYIIKA MUJIXHIPUIECKOH QOPMEL,
TIOMeleHHasA B pafuajlbHOe MATHAUTHOE MOJie B KOJBIEBOM BO3IYIIHOM
3a30pe MarHuTHOM mend. lIpuMeHAIOTCA TaK;Ke W OJUHOYHEIE IIPOBOJI-
HUKZX B IIPONOJBHOM 3a30pe MEKIY IOJIOCHEIMA HAKOHEYHHKAMU.
TaroBn rpomrorosopurenu «Blatthallers u «Riffellautsprecher»,
a epeam MEKPO(OHOB — JEHTOUYHEIE MHUKPOPOHE. OJIEKTPONHHAMU-
9eCKHi NPUHNUN HAXOAWT HCHOOJB30BAHME TAK/Ke W B THIPOaKyCTH-
gecko# ammaparype. B mssectHoMm ocummasarope Deccempgema sroT
OPUHOWUI OCYLIECTBJIEH B cBOeoOpasHOM (opme: HOABIKHOM IPOBO-
HUK BHIOOJHEH B BUJe MACCHBHOIO MEJHOI0 KOJbIa, 06pas3ymoImero
3aMKHYTYI0 HAKOPOTKO BTOpHYHYI0 00MOTHKY Tpamcdopmaropa. Ilpe-

P uc. 2—1—2. IIpuMepbl KOHCTPYKTHBHLIX (POPM BIEKTPORHHAMIYECKAX IPeOGpaszoBaTeneil

1 — cxeMa MalllUHbI IIOCTOAHHOIO
TOKa:

a — AKOPb,
6 — IOJIIOCHBIE HAKOHEYHHKH,
& — KOJUIEKTOD;

2 — MarHuTOdJIeKTPHHeCKuil mnpubop
Ienpe-n’ ApcoHBaJIS:

a — paMKa,
6 — TIOJIIOCHEIE HAKOHEYHMKH,

8 — NEeHTPAJbHHI CcepaeYHuK;

3 — ocuuanorpadudecknt mueiid:
a — JIeHTOYRY,

6 — 3epHaJblie,

—

)
NN

6 — MaTHAT; J \
4 — OOBIYHBI 3JIeKTPOAMHAMIYECKNH P =N
TPOMKOTOBOPHTENIb: a

a — DOABWKHAA KATYIIKa,
6 — MarHATHAfg Lenb,
¢ — KoHHMYecKas pamadparma;

5 — rpoMKoroBopuTesnb «Blatthal-
ler»:

a — miockaa puadparma,

6 — NpoBOmHUK B ¢opme IIeHTHI,
nocraBiieHHO! Ha pe6po, COTHY-
TOlf 3MI3aroM M KeCTKO CKpem- 5
neHHo# ¢ mmadparmoit,

6 — MAarHWTHAsd Nenb;
6 — JIeHTOUYHHA MuKpPOodOH:
a — TONBHIKHON mpoBomHMK B dopme

Jerko#t rodpmpoBaHHON JEHTH, b a
6 — IIOJIIOCHHIE ITAKOHEYHMKH, —r—‘r—r‘hl—*r' 4

9
i

,_______J
i
Lo e e
N
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HIMYIECTBO TAKOHX CHCTEMEI COCTOUT B OTCYTCTBUE BBHIBOLOB OT HOABHK-
HOH 9YacTH YCTpPOHCTBA. OJEKTPOAHHAMHYECKHe NPEOGOPH mpmMe-
HAIOTCA TaKKe B KavecTBe IIeAGoB B 3IIeKTPOMEXaHMIECKHX OCIEIIO-
rpadax, B pexoppepax AaA GOTOONTHIECKOH I MEXAHHIECKON 3anuch,
B 3BYKOCHEMATENAX U B ADYIEX BeChbMa Pa3HOOOPA3HEIX IO Ha3Hade-
HUI0 M YyCTPOUCTBY ammaparax.

Taxoe 601bI10€ pacOIPOCTPaHEHNE BIEKTPOIMHAMIIECKUX Ipeofpa-
30BaTeseir B mpmbopocTpoeHmm 0O6YCIOBIGHO, BO-IEPBHIX, JIETKO
IOCTUraeMoil BHICOKOH CTEIEeHbI0 JHHEWHOCTH, a, BO-BTODHX, OTHO-
CHTEJIbHOA IPOCTOTOR KOHCTPYKUME ¥ HECJOKHOCTBIO TEXHOJIOI'MU
npomsBoncrsa. Ha pme. 2—1—2 cxemarmiecky OpecTaBIeHs yooTpe-
GUTeNbHEE KOHCTPYKTHBHbIE QOPMBI 3JIEKTPOAMHAMUIECKHX Hmpeopa-
30BaTeNel.

1.2. JnerrpocraTmueckmii (KOHJEHCATOPHBIH) mpeofpasoBaTens

dleKTpoCTATHICCKAHA 1peoOpa3oBaTesTb HpefcTaBisaer cobo B mpna-
Omne KoHJEHCATOp, OfNHA 3 OOKIANOK KOTOPOTO IOABMIKHA. OJTOT
npeo6pazoBarTenp HequHeeH. PaccMoTpuM ero meicTBHe, OCHOBHIBASCH
Ha HenmHe#HOH Teopum § 19.

Hanmmem BeIpakeHme MAS IOTEHIHMATbHOR BSHEPIHE KOHMEHCA-
TOpa, PAcCTOAHUE MEKAY OOKIAaTKaMH KOTOPOTO €CTh W, YHDPYTOCTh
HONBEAKHOA OBKIamKm S, eMrocts C m 3apaf ¢. Benmumsn u m ¢
BubepeM B KadecTBe aprymenTtoB. Ml ummeeMm

C'=C' @, =5 (st + 5 )

(3mecs C" — moTeHIMATBHAS dHEPTHS CHCTEeMH, 0603HAUEeHHAA B IIaBe
1 aepes C).
Ho emrocrs C 3aBHCHT OT pacCTOSHAA MEXKAY OOKJIamKaMu

eA
C=~;,

rie A — mromans o0KIANOK; & — JHAINEKTPHYECKAdA IPOHUNAEMOCTD
B paOUOHAJIH3HPOBAHHOA CHCTEMe eIUHWII.

Taxmm o6pasom, moayyaem cClefyoIue BHPayKEHHSA:
9HePrusa

1
0 =+ (s + ),

MexaHn4J9eCKasa Ccula

oc’ 1
F=W=Sou+§§1—q2’ (2.1.12)
HaOpsKeHne Ha OOKIamKax
oC’ u
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HOnddepennmanbure BepameRna AA CHJIB B HAIPAKeHHA
dF———d +”idq_sodu+

. (2. 1.14)

dU———d —|— dq— du+adq

Urak, TonpKo COGCTBEHHAS YIIPYTOCTH S, IMHEHHA (T. €. He 3aBHCHT
or aprymenToB). Dyuxnuma npeobpasosanma

%:(%)l‘———(;;—g)q:%(q):f;. (2.1.15)

CymecTBenno 3amerutsb, 9To npm ¢=0 dyrknmsa npeobpasosarma
PaBHa HYx0. JTO 3HAYAT, ITO OPH OTCYTCTBHE HAYaJALHOIO 3apaAfa
KOH/IeHCATOPHKIA OpeoGpasoBaTeNb HE BHIOJNHSAET HAKAKOro mpeobpa-
30BaHdA. [lus mpeoOpas3oBaTels-TeHepaTopa 3T0 COBEDPIIEHHO SCHO:
ecyiE MH 6yJeM H3MEHSTH PACCTOSHEE MY OOKIANKAMHI He3aPAHeH-
HO020 KOHNEHCATOPA, TO HAKAKOTO JJEKTPHIECKOro addexTa OT 3TOrO
He IOJNYYATCS, ¥ HAOpsHKeHAe Ha obkiagkax He moasurca (dU/du=0).
Meree ogeBunHO, YTO, HOXBONSA KOHAEHCATOPY 3aPAK, ME HE IOJyIHEM
MeXaHWIeCKO# CHIH OPHTAKeHHs oOkiIagok. Tem He Memee ¢ TOU-
HOCTBHIO [0 WJIEHOB IE€PBOr0 HOPAAKA 3TO OPABUIALHO, HOTOMY YTO CHJIA
BHIpa’kaeTcs KBagpaTagHoN yrKumed sapsaga (2. 1. 12), a craxo 6HTS,
opu ¢=0 = dF/dg=0.

[ia samEeapwsanum paccMaTpmBaeMoil cHcTeMH 3adHEKcHpyeMm
HaYaJabHHE 3HAYEHHEA U=U,, =g, [IPH 3TOM MO;KHO BBECTH ele Ha-
9aJbHYI0 E€MKOCTh

Co == EA/uO,

HAYaJIbHOE HANDSAKOHHE

Uy = qo/Cyo = uggy/e4
I HAYAJIbHOE 3JICKTPHYECKOE LOIe

3y = Uyfuy = gofe4.

Tenepb MBI MO>K€M 3a0HCaTh JIMHeapM30BAHHBIE YyPaBHEHHUA

SF=spu+9dq, SU=35u+ 51; .  (2.1.16)
Takmm obpasom, KospdumuerT mpeobpasoBaHUsA
R (20) = s (2.1.17)
a cobcTBeHHAs YIPYLOCTH C BIEKTPEIECKOH CTOPOHH
oy 1,
E)ﬂ_%_ = (2.1.18)
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Vpasmesmst (2. 1. 16) mue0T pacmolokeHEe SHAKOB L0 (CHCTeme
(c)». Iosromy fasi BXORHOE MEXaHHTECKOR YNPYIOCTZ M HMeem
o cxeme dopmyxs (X) § 18

93
$=S0 =G, ¥ pZ’ (2.1.19)

rie Z — BHEIIHAA BIeKTPUIECKAT HATPY3Ka B obweit Gopme omeparop-
HOTO BHpakeHHEA. BTopoe ciaraemoe B BRIPAIKOHUH (2. 1.19) ecrs
OMPUYAMEeNsHAL YRPYSOCTVL SAEKMPUHECKOZ0 TOAR.

CMBICIT 3TOTO TEPMHHA COCTOMT B CIOAYIOMEM: Mbl Ha3HBaeMm
BooGIIe YIPYroCTbi0 OTHOMEHME BHOINHEH CHUIM K CTATHYECKOMY mepe-
MEmEHHI0. YIPYrocTh MOJOMKATENbHA, NOCKOJIBKY IePeMEIeHHe Co-
BepIIAETCH B HATpaBIeHHH fefcraus cmibl. [IpuaTom peaxnus cHCTeMH
IpOTHBOAEHCTBYeT BHENIHeH CHIe, M IO NPEKPAMEHHH NeHCTBEA
mocienHEed CHECTEMAa CTPEMHTCA B MCXONHOE Nojdokenme. Ecmum sxe
B CHCTeMe B Pe3yJbTaTe NmepeMelleHHsA BOSHHKAIT PEAKIUE, HANDaB-
JIeHHEE IO HepeMeMeHHI0, TaK ITO JJIA yAeprKaHUA CHCTOME B PaBHO-
Becmy HeoOXofmMa BHEMIHAA CHJIA, HAUPABIGHHAA NDOMUS IepeMe-
HeHHA, TO OTHOWIEHA® BHEIIHEH CHJH K NE€PEeMEMEHMI0 IO NPaBHIY
3HaKoB Gymer orpmuaredsEHM. Ho Tak Kak 8TO OTHOIIEHHE IO Ompe-
HeNeHdio eCTh YIPYrocTh, TO MH TOBOPEM HpDH ONHCAHHEX 00CTOA-
TeapcTBaXx 06 ompuyameavroll ynpyeocmu. Ecmm cmcreMa obaapmaer
OTPHIATeNBHON YOPYTOCTBIO, TO 3TO BHAUMT, ITO OHA HeEYCmoiiuusa.

- leiicTBATENBHO, €CAHM BHBECTH CHCTEMY W3 MCXOAHOTO IOJOKEHHA,
ABIANIIEr0CA IIOJIOKEHTEM YCTOHIMBOTO PABHOBOCHA, TO BOBHHKHYT
CHIIHI, CTpeMAMEECH BepHYTH ee ofpaTro. Tax o6cTomT Aeno mpu HaIm-
9 DOJOMKATENbHOR yupyrocrd. Eciam ke yupyrocrb oTpmuaTenabaa,
TO OPHE BHBOJE CHCTEMH H3 HCXOIXHOTO IONO0KeHHS BOBHEKHYT CHUIH,
KOTOpHE GYLYyT CTPeMHTHCA eme Najblie CMEeCTHTh CHCTOMY. Taxmm
006pazoM, B 3TOM CIyd9ae HCXOLHOE HOJOHEHHe eCTh IOJOKeHHe He-
yCTOAIABOTO PABHOBECHA.

Brpaskernume (2. 1. 19) moxasuBaer, 9T0 pPe3yNABTHPYIOMAA YIPY-
TOCTH €CTh anareOpamvecKas CYMMa MONOMKETEIBHOR COGCTBEHHOM
YHPYTOCTH §;, B OTPANATEIBHOR YIPYTOCTH 3JIEKTPEIECKOTO DodA. JTa
mocHeNHAA YMEHBIIAeT pesyIbTAPYIOMyo0 yupyrocts. Horma pe-
3yNBTEPYIOMAA YUPYrocTh o0paIIaeTcsi B HYJHb, CACTOMA HOJIAETCA
HEYCTORYMBOM ¥, 0YeBHIHO, PafoTaTh HE MOKeT.

‘Tlpaxrudeckn, »T0 03HAYAOT, UTO CEJIK 9IGKTPOCTATHIECKOIO
OPATAKEHUA IPEON0TICI0T CHIN YIPYTOro HPOTHBOAESHCTBHAA X TIOIBAIK-
Has 06KIaKa GyMeT UPATAHYTA K HeMOABIKEOR TO CONMPAKOCHOBEHHS
¢ meil. TakoB B paccMaTpHBaeMOM CIyYae KOHKPETHHIH CMBICI YCIO-
BEA, BECTaBIeHHOro B § 9. CrasanHoe noscaserca pme. 2—1—3. Ham-
Gonbmee 3Havenme OTPEOATENBHOR YODPYTOCTHE BIEKTPEIECKOTO IOMA
noxygaerca upm Z=0. B arom cayuae mommmEo GBITH

8=s¢,—93CQ>0‘
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OTKY[ia HOpejesibHOe 3Ha4YeHHe HOoJif

‘90<V§%’

Ecam mepe#iTm npu onmcanum feHCTBEA DIEKTPOCTATHIECKOTO
mpeofpasoBaTeNsa OT CMEMEHNAs U 3aPsAia K CKOPOCTH | TOKY, TO ypaB-
wennma (2.1.16) mammmyrcs B Bmme (sEaku O orGpommesn)

Pt U=Zvtg

SVt et (2.1.20)

Punec. 2—1-—3. 'padpukn cui, ACICTBYIOMUX HA

NOABMKHYI0 OOKIAJKY 8JeKTPOCTATHYECKOr0 Npeob-

pasoBaTeNsA B BABUCHMOCTH OT €€ MONOKEHHA

1 — cuJNa YIDYTOCTH Sou;

2 — CAJa BJIEKTPOCTATHYECKOr0 IPHUTAKEHUA, NpH
NMOCTOAHCTBE NOJAPHIYIOMEr0 HAUPAKEHNA PR
z - ¢ OHa DaBHA (Ug/2) «(Ae/ut);

3 -~ pesyJapTHpYIOIIaA OT caoxenusa 1 m 2, 0 —
TOYKA HEYCTONUMBOro PaBHOBeCWA (YOPYrocTh
B 3TOI TOUKe OTPHMUATENbHA);

4 — HacaTeNBHAS K 3 B TOUKE U=u, (IIAKJIOH MOpA-

MoK 4 2orxper.(e.rmefr BeJMYMHY YOPYLOCTH s=:
=S8o— )
0

Bxopmmoe anexTpmieckoe CONPOTHMBIEHHE HA OCHOBAHHE (GOPMY.IHI
(X) § 1.18 pasmo
1 33
SN S T — 2.1.21
pCr " pso+sily ( )

BxogHoe MexaHmgeckoe COmPOTHBIEHHe 5O TO# ke (opmyne

j=ty B 2.1.22)

3necs
sy = (0F[0u)y — ynpyrocTh NpA MHOCTOAHHOM HAaNpPA/KEHUH;
o= (0F|0u), = s, — ynpyroctsb MNpPHE MOCTOAHHOM 3apAxe;
Cr=(0g/0U)r — eMEOCTH IPY IOCTOSAHHOH CHIe;
Cy = (09/dU), == C, — eMKOCTb PN HeHSMEHHOM II0JIOKeHAH OGKIa[OK.
Qopmyasr (2. 1. 21) m (2. 1. 22) n03BOXAIOT TPERCTABETE DIEKTPH-
9eCKYI0 W MEXAaHHYECKYH SKBHBAJICHTHEIE CXEMH IpeofpasoBaTeis,
Kak IOKaszaHo Ha pmc. 2—1—4.
deKTpocTaTAYECKAE HOpeoOpasoBaTenh HOPEMEHAETCA B H3MEpH-
TEJbHONX TeXHUKE B BHJE PASHOIO POJia 3JIEeKTPOMETPOB, a B BIEKTPO-
aKyCTHKe TIJIaBHKM 06pa3oM B BHf® KOH[IEHCATOPHOTO MHKpodoHa.
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CymecTByior (EO EMEIOT MeHbIIee PACIPOCTPAHEHNE) KOHZEHCATOPHEIE
renedoun. Eme MeHbIDee 3HadeHNe MMEIOT KOHTEHCATOPHHE IPOMKO-
rosopmrenn. HamGonrmee 3HaYeHHE HMEET KOHJEHCATODHHIA mpeol-
pa3oBaTeNs B NPHMEHEHEE K H3MEDeHHI0 BEOpalui M IepeMeHHHX
maBiennit. VcKaoumTenbnas NpOCTOTA KOHCTPYKIEH, MEXAHHIECKAS
NPOYHOCTH M HEW3MEHHOCTh BaCTaBIAKNT B OOJBIIHHCTBE CIydaen
OTIATh KOHAEHCATODHOMY Npeo0pa3oBaTeN 0 NpeNNOYTeHHe mepeq
npyramz mEfuxatopamm. Taxmm ofpasoM, 9ame BCEro KOHIEHCATOD-
HH# DIEKTPOMeXaHWIeCKUA mpeofpasoBareab paboTaer B KaduecTBe
regepaTopa. B Tex H3MepPHTENBHHX YCTPOHCTBAX, B KOTOPHX OH
OpEMEHAETCS, BOOPOC 0 K. I. [X. IPeo6pasoBaHEA HIpaeT BTOPOCTe-
OeHHYIO POIb.

0;' Sl.l
! ! g
¢ A i
> T 7

Puc, 2—1—4. DueKTpAYECKAs U MeXaHHYECKAs SKBUBAJIEHTHBIEC CXeMbI
SIEKTPOCTATHYECKOTO npeoGpasoBaTels

Ha cxemax OpHABEOeHHHE IapaMeTPhl HMEXT ClAeNyIoIue 3HAYeHUA:

C! = So 7 = g-%— 3» sl= Q%CO’ 3’ = 930(2)2

TN 53

Topasgo Gonee cymecTBeHHHM ABIAETCA BONPOC O YYBCTBUTEIb-
HOCTM HMHAMKATOpa, II0J KOTOPOH IOHMMAIT OTHONEHHE pas-
BOBAEMOT0 HM HANPSIKEHHA K H3MepseMoir Benmdmue. Hampsxenme,
0YeBHJHO, NOJNydYaeTcA HAMOONBIIAM B peXHEME XOJOCTOTO XOia.
Ilosromy o6m9EO npeo6GpaszoBaTenb HATPYKAIT HA IIEKTPHIECKOI
CTOPOHE CONPOTHBJIEHAEM, HACTOIBKO GOJBIIEM, HACKOIBKO 3TO BO3-
MO}KHO C TOYKH 3DEHHA YCIOBHA paborsl ycmmmrenbHOl cxemul. U3
ypaeeerna (2. 1. 16) mokHO moNydATH clexylomee BHIpayKeHHe HJIA
IYBCTBHTENBHOCTH

W_ g z
tu YpCo+ 2 °

.

Ilpr Z — oo sra BenmImHA CTPEMHTCA K IIPeley

Ecnm wompencaTopEmi# upeoGpasoBaTedb MCHOMB3YeTCA B Kade-
CTBe HH[AKATOPA NABIGHHA, TO TYBCTBATEJLHOCTH €r0 MOMKHA BH-
PaKaThCA OTHOIMIGHMEM HAUDPAKEHHS He K HepeMemeHMmio, a K CHIe.
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Uz rex ke ypaBuennmit (2. 1. 16) naxojmm
WU __ Dy z
8F T sy 1/pCo— I} pso+Z

U TIpefeJbHOE 3HA4YeHHE
oU

i — — /
lim 5F z—>m—9"’so'
IIpumenasa aTu GOPMYIH, IY:KHO HMeTH B BHAY, 9TO S, CJAEAyeT

OOHAMATh B 000GMIEHHOM CMEBICJE, T. e. IOJAaraTh
So =Djo

Ife 3o — COOCTBEHHOE MEXAaHMYECKOE CONPOTHMBIEHME NONBHKHOMN
o0kIanKu (IpH TOCTOAHHOM 3apsife). ITo o6obmenme HeoOGXox@MO
OpH OPEMEHEHUH BLIBElGHHHIX COOTHOLIEHHH K PacCMOTPEHHIO [HHA-
MHIECKHX DERUMOB.

Yro KacaeTcss KOHCTPYKTHBHHIX (OPM, TO KOHJIEHCATOPHBIH mpe-
obpasoBaTenb He orTamIaeTcs ux pasHooGpasuem. IlogBmkmas o06-
KJIagKa #MeeT OOKYHO BHN TOHKOH HATAHYTOM MeMOpanu (KOHLEeH-
CaTOpHHA MUKDPODOH) WM 3a[EIaHHOM N0 KPAW KPYIJoH NJIACTHHKA.
Henopgsmxuas of6kinagxa BHOoauserca B ¢gopme Goiee mim MeHee
MaCCHBHOTO H JOJIKHEIM 00pazoM H30JMPOBAHHOLO dieKTpoma. Ma-
TepeCHHe [eTAJ® KOHCTPYKIME MOKHO OTMETHTh JHMb B KOHGHCA-
TOPHOM MHKDO(OHEe: 3TH [eTaJd UpPeNHABHAYEHH, HAaOpEMep, NI
yMeHBIIEHNA GapoMeTpmdecKOro 3dQPexTa W [JIA pPealu3al@l HEKO-
TOPHX APYrUX TpeGoBaHMH, PacCMOTPEHHE KOTOPHIX BHIXOXHT 3a Ipe-
JeJdIsl Hamme# TeMHI.

2. IIbesoamerTpudeckuii mpeoGpa3oBareian

fIBneHume mpesoanexkTpuIecTBa, orkpuroe Hiopu B 1880 r., cocromr
B TOM, 9T0 HEKOTODHE KPHCTAJIKE OPH CHKATHM SIEKTPH3YIOTCA.

Jlmonman (1881 r.) mpefckasanm cymecTBOBAaHAE OTKPHITOTO BCKOpE
o6parsoro addexra, cocrosimero B gedopMandE KPHCTAJIA OPU HO-
MEIEHAN ero B JEKTPHAYECKOe Iole. JTOT OOPATHHA NMbE30INEKTPH-
decKudl 3PPeKT Ha3HBAIOT TAKIKe SIEKTPOCTPHKI(HE.

Ecnm xapakTepusoBaTh MEeXaHATECKOE M IEKTPHYECKOE COCTOS-
HASA 3JeMeHTa 00heMa KPHCTAJNIA YeTHPHMSA NEePeMEHHHIMA: MeXaHU-
9eCKEM HAUpPAKeHHmeM o, gedopmanmeir &, smextpudeckum moiem 9 m
noaspusanmei P, T0 KOIEIeCTBEHAOE BRpaykeHne 060uX BHIIEHA3BAH-
HEX 3QdexToB 06pasyeT B3amMHOE COOTHONIEHHWE CIEYIOIEro BHAA:

P

o4

2.2.1)

=0 = % L-o .

(HamoMuuM, 910 MBL camTaeM HeOpMALMI0 MONXO/KATENBHOM, ec/iu
OHa COBEpPIIAETCHA B HAPABIEHWH BEI3KIBAIONIAX ee YCHIMi: ampAMep,

7 A. A. XapkeBud, T. | 97



OpE HANPSKEHHE CKATHA TOJOMKUTENbHOX Oyner nedopmarms,
HPOABJANMASACS B COKDAIEHWH PasMepos.)
VnobHee moiab30BaThCA B KadeCTBe IIePEMEHHOM He HONApH3aNuei,
a mapykmued D.
Torfa MBl MO€M IEpenHECaTh cooTHomenme (2. 2. 1) B Bmpe
D _ &
-5— 89=0 _—5—

2.2.2)

o=0

OnexTpudecKue BeXwdmHHL D W O — BEKTODH, MeXaHHIECKHe
BenWImEH © W £ — TeH3opsl. MH BBefeM TEH30DPHHE COOTHOIEHHA
mo3fHee, a MOKa BHIBEEM DA COOTHOMeEHHWH, obpamasch co BeeMH
HDEePEMEHHHIMHA, KaK €O CKaJApaMu.

2.1. Craaspable COOTHOLIEHAA

Mecranie ypasuenma. CooTHomernwme (2. 2. 2) momgpasyMeBaer cie-
Aylomue JMHEHHBE ' 3aBHCHMOCTH MY IeDPeMeHHBIMHE:

D=¢2—ds, E:-—dS—{—-E%o, (2.2.3)

KOTODHIE MABJIAIOTCA OJHOE u3 (OPM MECTHHIX YpaBHEHHH NBe3o-
aIeKTpEYecKoro upeobGpasoBarens. Msl HasmBaeM MECTHHIME ypaB-
HeHUA, CBA3HBAIIEE 3HAUYCHHWS LEPEMEHHHX B [AaHHOH TOYKE, €CIH
mepeMeHHbe, BOOGME roBOPs, 3aBHUCAT OT KOODPAHEHAT.

BrscamM cMmuca KosddmmmenToB ypasmemmit (2. 2. 3). dasa xo-
sddmomenta mpeoGpa3oBaHHsA HEMeeM B COOTBeTcTBHE ¢ (2. 2. 2)

d=—2 =_3£L=0, 2. 2. 4)

G |9=0

Benmunsa d HOCHT Ha3BaHME OHE30INEKTPUIECKOTO MONYIA 2.
Co6cTBeHHEIE ITApaMETPH MEXAHHIECKOH W 3JeKTPHYIECKOH CTOPOH
ompefensnTcs Ha ocHoBammu (2. 2. 3) ciexyommM obpasom:

D
s¢=§| ,— MHBIOKTPHIECKAs NPOHULUACMOCTD NPH OTCYTCTBHM Ha-
=
NPAYKeHUA;

a
E,g:? ‘9 ,— MORyaB IOsra npu oTCYyTCTBHH BIEKTPUYECKOrO MOIA.

1 Mu mpeHefperaeM H3MeHEHEEM €MKOCTH BCJENCTBHe CONWKEHHS rpaHel aie-
MeHTapHOTo 00beMa. IT0T 3PdeKrT, ABAAOIMANRCA OCHOBHHM IS BIEKTPOCTA-
THYECKOTO Hpeo0pasoBarTels, B JAHHOM CiydYae He HEMeeT NPWHIANAAIBHOTO
3HAYeHWA: BHI3HBAEMOe WM HapyIIeHWe JIHHeHHOCTH MAJo.
OnpepelteEe THe303IEKTPAICCKOT0 MORXYIA [aeTCA JACTO CO BHAKOM «-» B BHI-
pakeH®H: (2. 2. 2). 9T0, OfHAKO, HE MMeET SHAYCHHS, TAK KAK IIOJOKATOIbHEE
HANPABNEHHES [IA OTCYeTA IJIEKTPHICCKHX M MEeXAHWYECKHX BelIAYMH BHOH-
paioTes He3aBHCEMO H COBePIIEHHO IPOH3BONBHO. [lefcTBATENHHO, JOCTATOYHO
TIepeBepHYTh KPHCTANI HI¥ INepeMEHATh OPOBONA, HAymMEe K BIEKTPOMeTDY,
9TOOH 3HAK HAOMIOKaeMOT0 OTHOMIEHHA MEXaHMYECKOH WM BICeKTPHYECKOH BeNHd-
YBH W3MEHWICA Ha OGpaTHELA.
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O6e 5TH BeJMYEHE MMEIOT XapaKTep TEH30POB COOTBETCTBYIOIIHEX
paHroB, HO MH OyfeM moxa paccMaTpEBATH HX KaK CKaJfapHHE KO3(-
¢mnmentr. IIpm HanmIEM B3aEMOJEHCTBHA MeKAYy 3JEKTPHICCKOH
B MEeXaHHYeCKOH CTOPOHAMH COOCTBEHEbIE DAPaMeTPhl OMHOHR CTOPOHH
3aBHCAT OT PeRHEMa pyroi cToponsl. [1oaToMy Hy#HO pasnmuaTh gBa
sHavenHEA MONyas IOHra [is mbe30KPHCTANOB: NIPH DIEKTPHIECKOM
noje, paBHOM HYJIIO, H IPH HHAYKLUEHA, PABHOE HYJII.

Omnpepenerme mocaexHeidl BeIWIAHH TAKOBO:

S
ED:

T |pmo”

AHanorgIHNM 00pa3oM NMD.IEKTPUIECKAA 1POHULUACMOCTEL MOKET
OIPEeNIeNIATECA OPH MEXaHUUECKOM HANPAWMCHUM. pPaBHOM HYJIO,
7 Opu pgedopmanum. paBHON Hyaw. Onpepe.eHue JUBIEKTPUYECKOM
NPOHULAEMOCTH B IIOCJIE[IHEM CJIydae UMEeT BUT

Her Hukakux ocHOBaHEA IpefUOYECTH OJHO B3 ONpPEeNeNEHHH Jpy-
rOMY; BaKHO JHIIb YMETh IePeHTH OT 0OJHON BeIMIHHH K APYTO#, ec.1u
aTo moTpebyercH.

JaMeHoi aprymMeHTOB MOKeM HOay4uTh, Kpome (2.2. 3), eme cie-
oyomue TPE (OPMBI MECTHBIX YPABHEHHH NBE30IEKTPHICCKOLO
mpeobpasoBarend:

9=1D4f  3==[D+ i (2.2.5)
D =¢ed —¢, o =ed + Eg, (2.2.6)
9=1D4gs, t= gDt 2.2.7)
[ D
A cCiaelypmue TpPH B3aWMHHLIE COOTHOMEHH:
Il | — 2.9
Floa= Tl =" 228
D 3 - o o«
— T lo=7 E=0_e’ (2.2.9)
9 __ & . .
- D=O—IT om0 g. (2 2. 10)

Kaxmoe u3 Buipakenmit (2. 2. 8), (2. 2. 9) u (2. 2. 10) mapaBre
¢ (2. 2. 4) morxer OHTH W36PaHO B KaYecTBe OUpeNelNeHnA K. II. Ibe3o-
3IEKTPHYECKOro mpeobpasoBaTens. YOorpebisercsa BeIHIUMHA €; OHA
Ha3HBAGTCA Nbe30ssexmpuueckoll koncmanmoli. BenwdwHa f BBegeHa
B ynorpeGnenne Maconom; oTa BeluImHAa B KadeCTBe K. O. IPEJCTAB-
aser ¢ opMaabHOE TOYKH 3PEHEA TO HPEEMYIIECTBO, 9TO OHA BXOTHUT
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B ypaBueHus (2. 2. 5), cocrapyuennnic B aprymeqrax D u , 910 cooTBer-
CTByeT Halmei oCHOBHOU cmcreme (c).

HoncranTa g, HACKOJIBKO MHE H3BECTHO, 40 CHX LOD HE HPHMEHs-
jlach, MeKAy TeM, Kak Oy/eT BUIHO U3 J{albHEHIIero, oHA UMEeT Hamd-
fonpilee HPUKNANHOE 3HAYEHHE.

BriBenem nexorophie cooTHomeHus MeiKAY Koadduimentamu ypan-
Heuui (2. 2. 3), (2. 2. 5), (2. 2. 6) u (2. 2. 7), HEOOXOTUMEIE [JIA AJb-
nefmero. Ymcro anrebpawdyecKuMM NyTeM HAXOLUM:

CBA3K MeKIY Koaddumumenramu mpeoOpa3soBaHUL

e=Epd, d=eg, g:EiD-f, f:%e, 2. 2.11)

COOTHOIIEGHUA MEXAY ABYMA 3HAYEHUAMA MOAYIS IOnra n ABYMs 3Ha-
9YeHUAMHA JI]IBJIBKTpH"IeCKOﬁ IIPOHUIAaEMOCTH

EsEp =cgyfe, =1 —12 (2.2.12)
rae
ety og. (2.2.13)
L= Pa .2,

BHpakeHHA Ko3¢PumumeHToB npeobpasoBaHus dYepes CoOCTBEHHEIE
mapaMeTpHl

dzz%E;;:eB (1/Es — 1/Ep), (2. 2.14)
E,—E
P=Ep(1fe;—1[e,) = _ﬂTﬂ (2.2.15)
W, HaKouell, eue 0fHO Brpaxcenue f yepes d
E E
f=2d=d (2.2.16)

3

Kosppunuents: Hammumx ypaBHEHHH — CYINECTBEHHO MOJOMKHTETb-
mue BeaqmumbH. V3 atoro caemyer (em. 2. 2. 12), gto 32 < 1.

9TO HEPABEHCTBO YCTAHABIMBAET IPEAEIbHOE COOTHOIIEHNE MEKIY
VOPYTEME, 3IeKTPHIECKUMA H IIHE303JTeKTPHIECKEMU KOHCTAHTAMHI
KPHCTaLIa. 3a mpefelaMd 3TOT0 COOTHOIIEHUs YCTORIABOE CYMECTBO-
BaHZe KPUCTAJIA HEBO3MOKHO, €T0 pemeTKa HoJxHa Osaa O paspy-
DIATHCA BCJNENCTBHE CHJ B3aMMOJEHCTBHA MEMIY 3JIEMEHTAMH pe-
meTKHU. JTO HOJNOMKeHWe, HeCOMHEHHO, MOMET OHITh JOKA3aHO IyTeM
PacCMOTPEHHUA YCJIOBHH DPABHOBECHS pPEIIETKH C TOYKHM S3PEHHSA CHI
MOJIEKYJIAPHOTO B3aWMOJNEHCTBHEA, HO TAKOI0 pOJa HCCIEeTOBAHHAE
BHXOIHT 33 DPAaMEHM HAIIAX 33Fad.

Ypapraenus npeoGpasosatensa. s Toro 9106H mEpedATE 0T MECT-
HHIX ypaBmenzm# (2. 2. 3), (2. 2. 5), (2. 2. 6) m (2. 2. 7) k ypaBEeHEAM
mpeofGpasoBaTels B MEJOM, HYKHO HPOMHETEIPEPOBATH MECTHHE ypPaB-
HEHHOA [0 KOOPAHHATAM, QYHKIAAMEA KOTOPHX ABAAITCH T€ MIH HHEIE

100



nepemennsie. Heobxommmo mpm 3TOM 3HaTh QYHKIEOHANBHHE 3aBH-
CAMOCTH IePeMEHHKX 0T KOODARHAT U IPaHMIHLE YCIOBHA.

MomEHO, OofHAKO, CHeXaTh pAA CYMECTBEHHWX B3aKTIOUCHHN, He
KOHKDETH3HPYA YyCTpPO#CTBa mpeobpas3oBaTelad @ OCHOBHBAACH JHMIB
Ha CIELYIONHUX OUpENeIeHHAX:

9=0Ujoz, D=aqdA, s=0F[dA, &= dudz, (2.2.17)

e r — KoopAamHAaTa 6006ue; A — nnomagh, 3J1eMEHT KOTOPOH BH-
parkaeTcs TaKKe Uepes KOOPAHHATHL.

Mbi MosiceM yTBep)KEATh, YTO KAKOBO Ghl HE GBLIO yCTPOHACTBO mpe-
obpasoBarens, Me:K1y nepeMeHsnMA &, D, o B § MECTHHX ypaBHeHHH
m mepemeruniME U, ¢, F B u ypasreumii npeobpasoBaTens B mexoM
CYIECTBYeT IPOIOPIMOHAIBHOCTD, ONpeenaeMas HOCTOAHHLMU MHEO-
srareasmm pasmepuoctu [L'] mam [L2].

Ha sTom ocHOBaHME MBI MO;KeM 3amHECATh YPaBHEHHS IbC30D.ICK-
TpPEYECKOro ImpeoOpa30oBaTelsi B CAENYIOMEX 9YeThpEX AaJeKBATHHIX
¢dopmax, coorBercTBylomuzx (2.2.3), (2.2.5), 2.2.6) u (2.2.7):

=Ci”q+k1fu; F=kfq+sy; (2.2.18)
q=C,U —kyeu; F=keU+ s.u; (2.2.19)
1 s 1, 5 4
U=@q+k£ﬁ; u:—ksgq—l-;;lv; (2.2.20)
g=CsU —kdF, u=—kdU+F  (2.2.21)
v

B stEx ypaBuenusx k,—k, — nocrosauue K03QORAIUEHTH HYIEBOK
pasMepHOCTH Hiu pasMepHocTE AxuHbE. OcTanbueie K0dQOUUEEHTH
UMEIOT CIeNYIODIAA CMBICJ:

C,=

g
U

%=0

— €MKOCTL NpI OTCYTCTBHI cMelueHus (3a:RaTHi Kpucrani);

=9
CI. U ‘Fa(l

— eMKOCTh MPH OTCYTCTBHM CHIH (CBOJOAHLIN KpPHCTA/N);
F

s—_..—

1T u

g=0

— YOpyrocTbs HpHE OTCYTCTBHE (CBOGONHOrO) 3apsfa HIW, HHATe
roBOpf, YIPYTLOCTH XOJOCTOr0 XORa (OpW Pa3OMKEYTOH BJIEKTpHIe-
CKOH menm);
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— yOpyrocTh OpPEW OTCYTCTBHM HANps/KeHWA, T. €. YIOPYrocTh
KOPOTKOTO 3aMBIKAHUA.
Messny 5TEME BeJTHIMHAME CYMIECTBYET CIeNyIIas, BHTEKAIMmasn
n3 (2. 2. 12) 3aBACAMOCTD:
N
1l e (2.2.22)

s, Cr

YyperpaTenpEOCT npeoGpasopaTens. llox 9yBCTBETEIBHOCTHIO
IpeobpazoBaTeqs MBI YCIOBHIMCH IOHEMATH OTHONIEHME BeIHIHHEL
Ha BHIXONE K BeamdmHe, BO3HeicTBYIOmMed Ha Bxox. [aa obparmmoro
mpeofpazoBaTens W3 YeTHpeX MEPEMEHHEIX, ONMCHBAIOIEAX ero Aeii-
CTBHUE, MOKHO COCTABHUTH BCETO BOCEMb TAKAX OTHONIEHHHA — IIO JeTHIpe
A paboTH B KasKHOM HaIpaBJIEHUH.

OrpaEmImM HCCIeT0BAHAE, OCHOBEIBAACH HA TOM, 9T0 IPAKTHIECKH
ITBe303JIeKTPUIECKAN mpeofpasoBaTesb HUCIONb3YeTCsA Falle BCEro
B KagecTse mpeoGpasoBaTeis-TeHEpaTopa, T. €. OH mpeoGpasyer me-
XAHWIECKHE BO3JEHCTBHA B DIEKTpUYeCKHe Beqwamusl. Taxmm o6pa-
30M, [ Tbe303JTEKTPUIECKOro IpeobpazoBaTessa MeXaHWIECKas
cTOpOHA GyHeT CYmTaThCA BXOAHOE M YHCIO PASIAIHEIX ONPEAeNeHHi
9yBCTBUTEABHOCTH COKpPAIIAeTCA A0 JeTHpex

v, =U|F, vo=gq|[F, v, = Ulu, vy=qlu. (2.2, 23)

U3 ypasmennit (2. 2. 18)—(2. 2. 21) maxomum caegyomue Brpa-
JKEHNA YyBCTBHUTEIBHOCTH:

. S g Fad
el W Yoy A 2 =TT CppZ 2 5 o
L - ke (2. 2. 24)
3= T 1/CopZ’ T Yy A

B stmx ¢opmynrax Z — CONPOTHBIEHWe HATPY3KH HA 3JIEKTpUUC-
CKOH cTOopoHe Hpeofpa3oBaTend.

YyBCTBATEIHHOCTh HA IPAKTHKE OIpeNeNAeTcs Jalle BCEro B Ipe-
IeTBEOM pEKEME: HANpSAKEeHWe H3MepAeTcd B DeKEMe XOJIO0CTOro
xopma (Z=oo, ¢=0), sapan (4im TOK) — B DEREMe KOPOTKOTO 3aMEbI-
rkampma (Z=0, U=0).

Ilna 3TEX mpefeTbHBIX PEsKAMOB moxyduM m3 (2. 2. 24)

u q
qu=—F— q=0=k3q’ VgU:T'U=O=k4d,
2. 2. 25)
U q ( :
v.‘iq = -; o0 :klf’ Y4y = —u— Um0 == 23,

Teneps BHACHAETCA TPAMOMA CMBICI, KOTOPHHA NPHOGPETAOT Mbe30-
5IIeKTPEIECKHE KOHCTAHTH g, d, f I € [UIs PAacCMaTPHBAEMOTO CILyIas;
5TH KOHCTAHTH C TOYHOCTHIO O IOCTOSHHOTO MHOKHTENA, 3aBHCAIIETO
OT PasMepOB, BHIPAKAIT TYBCTBHTEIBHOCTH IPeoGpasoBaTess-TeHe-
partopa [uA UeTHIpeX BO3MOKHEX ee ompemedemmi (2. 2. 25).
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B mpumunune kaxnas @3 9eThipex KOHCTAUT g, d, [ ¥ € MOKeT Ha
OJMHAKOBHX OCHOBAHHAX INPHMEHATHCA [IJIA OXaPaKTePH3OBAHHA
OBE303JEeKTPHIeCKIX CBOECTB Kpmcrasaia. OJHAKO IpaKTHYECKHe CO-
o0paykeHHs 3aCTABIANT HAC OTHATH HPEAUOYTEHHWE ONHHAM KoIhdu-
OHBeHTaM nepej JpyruMA.

Jeso B TOM, 9T0 B HEHCTBHTeNBHAIX YCIOBHAX NPUMEHEHHA ObE30-
3JEeKTpHYeCKEX IpeobpasoBareneii-reHepaTopoB BHXOHOM dIEKTpHYe-
cKkMi a(PeKT XapaKTepH3yeTcd MMEHHO HAUDHKEHHEM, a He 3apanoM
(unu TOKOM), TaK Kak mpeobpa3oBaTenb BKIKNYAETCA OOHIHO HENo-
CPEJICTBEHHO HA BXOJ YCUIATEJIS ¥ CTABUTCA B PE7KAM, 0 BO3MOKHOCTH
OpEOIMKAMUHACA K PEKAMY XOJ0CTOr0 Xxo071a (mociefiee BAITOJHO
HE TOJBKO IIOTOMY, 9T0 IPH HTOM LmOJydaeTcs Haubo:ibiiee BLIXOIHOE
BHamnpsaxenme, HO U OOTOMY, 4TO OJHOBPEMCHHO YCTpaHAETCA HCRa-
alolee BIUAHME BHYTPEHHETO €MKOCTHOTLO COLPOTHUBICHUA).

U3 artoro ciepyer, 970 B 3aBUCHMOCTH OT TOTO, OIpeAeNseTca JH
BO3JeAcTBHE HAa MEXaHMIECKYIO CTOPOHY OmpeobpasoBaTtelis CHIOK MaM
nepeMemeHneM, HAC MOXKET UHTepecoBaTh dIYBCTBUTENBHOCTH vy,
HIH Vg,

Ho otm nBe BenwumHH BHParKalOTCA HENOCPENCTBEHHO Yepes KOH-
CTAHTH g U f, a OTHIONH He epes d W e.

Takmm o6pazom, BCAKOTO PORA KOJMYECTBEHHEIE OLEHKH HOJMHKHE
OCHOBHIBATHCA (B 3aBHCHMOCTH OT Ha3HA4YeHHA OpeobpasoBarels)
Ha YHCIAEHHHX 3HAYeHHAX KOHCTAHT & WiaH f.

Yro KacaeTcAd OBe3031€KTPHICCKOr0 MOAYIA ¢ ANHM MHE303TEKTPH-
9eCKOH KOHCTAHTH €, TO [y GONbIIAHCTBA NPAKTHYECKMX OPUMEHOHHAR
OHU HEHOCDPEeACTBEHHOr0 MHTEpeca He HpPeCTaBIAIT.

Conporusnenme. Ilepenmmem ypaBeeHma (2.2.18) B Toxkax =
CKOPOCTAX

otk _ ki
U__pcuz—}— » ¥ F= pz-[— i (2. 2.26)

ITo o6meit popmyme (XI) B raase 1, § 18 umeeM nia BXOTHOTO 3JIeK-
TPHAYECKOTO0 COOPOTHBJICHHA

1 1
e (‘”q + T)
M JJA BXOOHOTO MeXaHHWYEeCKOro COHPOTHBJIGHHH.
3:3_;4_ ! (2.2.28)

(st o)

@opmyan (2. 2. 27) u (2. 2. 28) coBepimeHHO CXORHEL ¢ GOPMYIaMA
(2. 1. 21) = (2. 1. 22), BHpa)KAIMAMA BXOGHLE CONPOTHBICHHAA BJIEK-
TpocTaTHIeCKOro npeobpaszosarens. I10aToMy u SKBUBAICHTHEE CXEMHL
Obe303TEKTPAIECKOr0o Npeo6GpasoBaTess OKa3HBAIOTCA TAKAMH JKe, KaK
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CXeMB BJEKTPOCTaTHiecKoro mpeobpasoBarena (pmc. 2—1—4). Ha
BTAX cXeMaX HYKHO HpPUAATH 3JIeMeHTaM CJAeAyloINue 3HAYCHHA:

; Sq ;) .Ii 2
C=gm =)
s=(kf)2C,, ¥ =(kSC)Z

HpeAeJILHLIe 3HAYCHHA BXOAHOTO 3JEKTPHAYECKOr0 COOPOTHBIEHUA
OPHA KOPOTKOM 3aMEIKAHHWA A X0JIOCTOM XO[ieé Ha MEXaHHIECKOR CTOpOHe
PaBHEL COOTBETCTBEHHO

1

Zl=5c; Zlw=3c,

1 (klf)2
T pCp | ps Ppsg °

Taxum o6pasoM, BXOjHAg eMKOCTh cBoOoAHOro Kpucranna (Cy)
MeHBIIe eMKOCTH 3aKpemneHsoro kpmcramia (C,).

Ilpe marpyske MeXaHHIeCKOH CTODOHEI Ha KOHEYHOe YIpyToe
CONpPOTHBIEHAE BXOJHOE BSIEKTPHYECKOe CONPOTHBIEHHE COXPAHAET
9UCTO EMKOCTHEIA XapaKTep, 0CTaBaACh B Ipefenax

1p/Cr<Z 1pC,.

Ilpr marpyske Ha OPOHESBOJIBHOE MEXAHHIECKOe CONPOTHBIEHHE
mosxydaiTcsa 0ojiee CIOKHHE COOTHONEHHS, KOTOPHE HETPYAHO Hpo-
cxeputs npm moMoma gopMmyan (2. 2. 27).

AnamormuenM 00pasoM BXOJHOE MeXaHWYECKOE COIPOTUBIEHHE
IpE YHCTO EMKOCTHON HArpysKe Ha 3JEKTPHYECKOA CTOPOHEe H3Me-
HAETCA B Ipefenax

Sp/P <3 <s,[P.

Vnpyroc'rb KOPOTKOTO 3aMRIKAHHWA MEHBbIIE, 9eM yIpyrocTh XO0J10-
CTOr0 Xxofa

s,=sy+ (krf)?Ch=s,+ 5.

ITpencraBagIoT MHTEpEC TANHIHEE PelaKCalHOHHbEe COOTHONICHHS,
HabmogaeMule IPA HArpysKe BEIXONHOA CTOpOHH mpeoOpasoBaTelsd
YUCTO AKTHBHEIM COIPOTHBIEHHAEM.

Ilycrs mpeofGpasoBaTexb-EBUraTeNb HATPY)KEH AKTHUBHBHIM MeXa-
HE9eCKEM compoTuBiaeHmeM r. Torma

— 2T 4t 4t
(kif) 27 Z PCF+ pC' +1/R’
WIA A CHAEYCOHAAIBEOLO pe}mma

ot Y wC’R"2 R’
= JaCy s FIUR 7 mCF ot TTF w2C’2R’2)+ T+ w2C2R2"

AxTHBEAsA KOMIOHEHTAa BXONHOIO CONpPOTHBIEHHA, o6pamanmascs
B BEyas 0pu R"=0 u upr R’=oco (r. e. upr r=0 & r= ), nMeeT MaKCH-
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mym npr oC’'R"=ot=1, O t=C’R’=r/s, ectb He 9To HHOE, KaK
BpeMsa MeXaHMIECKOH pelaKCcandd.

Awnasorudno, npm Harpyske npeobpasoBaTeis-reHepaTopa aKTHB-
HBIM BJIEKTPUYECKHM CONDOTHBIeHHeM R MaKCEMYyM aKTHBHOH KOM-
MOHEHTH MEXaHHYeCKOT0 BXOJHOILO CONPOTHBJIEHHS HAOCTHIAeTCA IPH
ToM ke ycaosmm wt=1, rge t=RC, — moCTOAHHAaA BpPEMEEH MJIH
BpeMA peNaKCAIl[dM 3JIeKTPHIeCKON MemmH.

2.2. TeR3opHBIE COOTHOLICHASA

B upepsyymieM u3noKeHME ME He 3aTpPardBaJd TEH30DHOTO Xa-
paKTepa mepeMeHHHIX B K03$(QUOUEHTOB ypaBHEHHH Ibe303JeKTPHEYE-
cxoro mpeoGpasoBaTeis, T. €. TPAKTOBAJIM KPUCTANI KaK H30TPOIHOE
Teno. Mexnay TeM Nbe30dTeKTPUYECKHe CBOMCTBA KPHECTANJAA TeCHeH-
M 06pasoM CBA3AHLL C €r0 aHE30TPONHMEH, TAK KaK CYIIeCTBO sABJe-
HE# Ibe303JEKTPHYECTBA COCTOMT B 3JIEKTPUIECKOM H MEXAHHIECKOM
B3aEMOJIEHCTBAAX 3JIEMEHTOB IPABHIBHOR KPHCTANIRIECKOA PEIIETKH.
IlosToMy HEOGXOLAMO YTOIHHTH IPEIIECTBYIOINEE BHBOJIH, COCTABHB
ypaBHeHHA OpeoGpasoBaTes B TEH30PHOH dopme, a 3aTeM CUEMHATH-
3EPOBATH 9TH YPABHEHEA [JA KOHKDETHHX THHOOB KDPHUCTAJNJIOB, ONHE-
pafich Ha CBOMCTBA HX CHMMETDHA.

Byner, BepoATHO, He JAUIHAM HAIOMHHATH BKDATIe OCHOBHHE IIO-
HATUSA, CBA3AHHHE ¢ IPHMEHEeHWEM TeH30POB B QH3WKe, W OPHBECTH
NPEEATYI B HACTOAINEe BDeMA CHCTeMY O0003HAYeHH.

Yuopyrocrs. OGo3Ha9uM TPE OCH NeKapPTOBHX KOOPAHHAT X,;, X,
u X,. IlycTs KOOpHMEATH JAHHOH TOYKH aHH3OTPONHOTO Tera OyXyT
z,, ¥, @ Z5. Paccmorpmm cmemenme 3To# Togkm. Ouo 6yner, odempHo,
IpeICTaBAATECA B 00meM Ciydae BEKTOPOM, TPE KOMIOHEHTH KOTO-
poro (T. e. TPE NPOEKIHE HA KOODAWHATHHE OCH) MEH OGO3HAYEM Uy,
u, o u, Kakaasd KOMIOHEHTA ecTb, BooOme roBOps, QYHKIOEA KOOp-
AWHAT, TaK 9TO MH MOKeM 3aOHCATh, HAPEMED, AJIA KOMIOOHEHTH IO
ocm 1

ou Ju ou
du, = ?ﬁf dz, + ﬁid% + d_x; dz,.

JlBe IPyTHe KOMIOHEHTH BHPA3ATCA AaHATOTHIHHMYA PABEHCTBAMM.
Jlas onHOpORHKX fefopManuit MOKHO HANACATH YPAaBHEHHA B KOHEY-
Hoit opme

uy = E,21 + E1a%y + §15%5
Uy = €%y + Eaes + S5y (2.2.29)
g = £y + Exas + Eses
rge BeJEIHHEI
Ju,

Eoe e

— KOMIOHEHTH meHsopa Oegfopmayuu. 9TO — TEH3OP 2-TO_pAaHTa,
MMEIqEiA JAEeBATH KOMIOHEHT.
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VYpasmerna (2. 2. 29) MoxHO 3ammcath B ymob6HOE ¢opme, mpm-
MeHAeMOR BooOme [iA BHPAaKeHHSA TEH30PHHIX COOTHOIIEHMIH:

[ ) zy z3
uy E11 130 €13
uy € €29 £a3
ug €3y E3o Eas

Vpasrerua (2.2.29) MOXHO 3amucaTh TaKKe B BUJe
uc=§2;kxk

uIu, Kar 9TO Ternepk NpPUHATO,
u’.—_—E,kxk,
opr9eM IoApasyMeBaeTcd CyMMHPOBaHUE B HpaBOﬁ 9aCTH OO0 IOBTO-
pAIIEMYyCA HHIEKCY.
Tenepb 3anumeM BHPaKeHue HIA KOMIIOHEHT BeKTopa JIaBJIeHHH,

meficTBylomero Ha INIOMARKY, IOJIOMKEHHUE KOTOpOﬁ OompenenseTca
TpEMA HAOPABIAKNIIAMH KOCHHYCAMH BEKTODa HOpMaad

Dy = 2,011 + %015 + @30y,
Py =10, + @305 - a0y, (2.2.30)

D3 == %,03; F %;035 1 %3043.
unu

a  ay ag

D1 | 911 %1 Oy3
P2 | %1 T2 g3

Pg | 931 %3 933

3mecs o, — KOMIOHEHTH MEH30PA HANDAHEHUs. DTOT TeHsOp,
TaK jKe KaKk } TeH30p fedopMamud, — TE€H30D 2-T0 paHTa.

Amanormuro mpemsimymemy ypaBHemEA (2. 2. 30) Moryr 6mTh
3aOHCAHE. B COKDAMEHHON (opme

P = %0 (2. 2. 30a)

Bripasmm pedopmanum depes mampskeHESA #m o6paTHO — HAmpA-
xennsa vepes Nedopmanmu. IlepBas saBmcmmocts mmeer Bmi:

Eik = Sikmqu. (2. 2. 31)
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3necn Sikpg — KOMIIOHEHTH TeH3opa 4-To paura, mpeofpasyromue
KOMIOHEHTH TeH30pa HAaIDPA:KeHUS B KOMIOHEHTH Tensopa gedopma-
nun. O6mait TeE30p 4-ro paara mMeet 81 KOMIOOHEHTY, BCIEACTBUE CHM-
METPHH 9HCJIO HE3aBHCAMEIX KOMIOHEHT CBOJHTCA A0 21, Tak Kak

Sikpg = Skipg — Sikpg = Skipg

Benmaumn s, HocAr massamme Mopyne#t ruGrocrm .
Ananormysas 3aBHCHMOCTH BHIDayKaeT KOMIOHEHTHl TeH30pa Ha-

OpAKEHHs 4Yepe3 KOMIIOHEHThI TeH30pa ned)opmalmn

O =2¢

LI (2.2.32)

Benuuunm c,,,, HOCAT Ha3BaHUe KOECTAHT YHPYTOCTH.

IlosscHuM ¢m3EIecKAA CMLICA KOMIOHEHT TEH30POB HANDKe-
Huit m fgedpopmanmit. PaccmotpmM mas storo medopMammio mapasse-
nenmmeRa, pebpa KOTOpPOTO COBHAJAIT ¢ KOOPHHHATHHIMEA OCSMH.
IIycrs mapamnemenmmen HmOfBepraeTcs HEHCTBHIO TaBIEHHAA, HANpPAB-
JeHHOro mo ocm X,, BCIEACTBHE 9ero BOZHHKAET TOJIBKO HAUIDSIKe-
HHe o;;, HaOpaBJeHHoe K To# ke och. Ilo dopmyume (2. 2. 31) Mu mMeeM
IJs 9TOr0 caydas CleAyIOI@e KOMIOOHEHTH jedopMmalimm:

£11 = S1111%13 §15 = S1011011 G923 = Sa3115115
€30 = Sg9110113 E31 = S3u1%115
E22 = 32211011; E2l == 32111011; 213 = 81311011;

€33 = S3311%115

3gech &y, =du,/dz,, §y=du,/dx,, t33=dus/dz; npemcraBAAOT CO-
Got medopMamum c:HATHS B HANPABICHHH COOTBETCTBYIOIMHX OCE.
Beawuurn §,=du,/dz,, & =du,/dz;, 3=du,/dz; m T. K. BEpamaoT
medopManuu CHBHra; YHCICHHHE 3HAYEHWA 5THX NPOHBBOXHLIX OLpe-
OeadT yrisl (ToYHee, TAHTEHCH YIJIOB), IOJ KOTOpHMHA peGpa ma-
painenenmmesia OKA3HBAlOTCA mocie AedopMANAM IO OTHOMEHHIO
K COOTBETCTBEHHHM ocaM. Bce ato mumocrpmpyercs puc. 2—2—1,
Ha KOTOPOM HB00Pa)KEHH BCE IEBATH BO3MOKHHX B TAHHOM Cly4dae
KOMIOHEAT aedopManmm.

Tensopn pedopManmd m HaUOpsAKeHHS, BooOme rosops, HeCHEM-
meTpuyaH. Ecim, ofaaro, paccMarpuBaTh negopmanum Ges HOBOPOTOB
¥ HaOpsyKeHHsA (Ge3 MOMEHTOB, TO B TaKOM CIydae TeH30PH fedop-
MaOdE ¥ HaOPSAKeHAS [ENAITCA CEMMETDHYHHIME. JTO BHPAKAETCA
paBescTBamMm (CM. pmc. 2—2—2)

S =it Osp = Os-

1 f moxs3yioch TepMEHOJNOTHedl Bycrepa, Haxofsa COBEPIIEHHO HOIOTHIHKIM
HasKBaTh MOXYJIEM YOPYLOCTH BelIHYRHY, EMOIOIYI0 PasMepPHOCTH, 0OpaTEYIO
pa3mepHocTE Moxyas IOHra.
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B sroM ciygae 9mcso He3aBHCHMHX KOMIOHEHT KaKIOTO H8 TeH-
30pOB COKPAINAETCA C AeBATH 10 MIECTH, ITO JaeT BO3MO;KHOCTH BBECTH
COKpalmesHoe 0Go3HaYeHMe, OYeHb YHOOTPeGHTeIbHOE B HACTOAIEE
BpeMs, a HMMEHHO: [BONHOM HHIEKC 3aMEHANT ONHAM HHIEKCOM.
¥Y:xe BBeleHHHE HAME HHIEKCH i, k, p, ¢ MOTYT OPEHAMATEH 3HAYCHAS
1, 2, 3. KoMbmranum 5THX HHAEKCOB IO ABA 3aMEHSIOTCA ONMHOYHKIMHE
HHJEKCAMH, KOTOPHE MK 0603Ha9dM M, N ¥ KOTOPHE MOTYT OPRHEAMATE
SHAYEHHS OT OJHOTO A0 IDECTH IIo CAefyoImed cxeme:

ik 12 11 22 33 23,32 31,13 12,21
m, n 1 2 3 4 5 6

IIpm Takoit cucreme obosmasenmit dopmy:ant (2. 2. 31) m (2. 2. 32)
OPEHAMAIOT BHUJ

€ =SS (2.2.31a)
cm == cmEu‘ (2 2. 328)
3mech mO-IpesKHEMY HONPa3yMeBaeTcst CyMMHEDOBAHHE NO IIOBTO-

pANIEMYCA HHIEKCY B IpaBO# 4acTd, Tak 410 fopMyan (2. 2. 3la)
u (2. 2. 32a) B pasBepHyTOM BHWAe NHUINYTCA CleAyommM obpaszom:

6 % 9 O 05 o | 8 03 B & & &
Eu | S;1 S12 S13 S Siz Sig 91 €1 C1p Ciy Cig €15 Cig
§2 | So1 Soa  Sa3 Sy Sas Sy % €21 Coy €3 Cyq Cos5 Oy
B3 | sa1 Sz Sa3 Sa¢ S3n Sy 93| €y Cp €y C34 C35 Cyg
S¢ | S Sz Saz Sy Sg5 S O €41 C4z €43 Cyq C45 C4g
8 | ss1 Ss2 S8 Sse Sz Sw % €51 €32 €53 Cs4 Cp5 Csg
8 | Se1 Se2  Se3  Ses Se5  Ses % €1 g2 Cg¢s Ce4 C85 Cos

Ilonw3oBaHMe TAKOM COKpameHHO# HoTaummell Tpebyer Goapimmoi
OCMOTPHETEABHOCTE. Bo-mepBHX, Heab3s 3abmBaTh, YTO OHA IpHMe-
HEAMA TOJBKO [JIA CHMMETPHIHEIX TE€H30POB. Bo-BTOphIX, $opmyns
¢ COKpDAMEHHKMHE HHJIEKCAMH He MOTYT IPHAMEHATHCA OPHM TEH30PHBIX
npeo6pa3oBaHAAX, COBEpPIIaeMHX MO OOKYHNM HPABHIAM, KOTODHE
opmEBenensl HmKe, B pasfene «IIpeobpasoBarme xoopammAaT». B-Tpe-
THUX, TIPH OEPexoe OT MOJHHX 0003HaYeHHH K COKDAINIEHHBIM H3Me-
HAIOTCA 9HCIACHHHE 3HAYCHWSA KOHCTAHT.

Ileno B ToM, 4TO BBefleHHe HHAEKCA m BMecTo ik mpu i~k npen-
nojaraer OpUBeJeHAe NOXOOHHX WIEHOB, COTEPKAImHAX O, = Iy,
(mnm £, =¢§;,).

Orciofia BHTEKAeT clelyiloliee NPaBUIO NIAA TeH30pa 2-T0 paHra i:

i=k, m=1, 2, 3;
i~k,

% m=4, 5, 6.
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Mo moummy (oxta obozmauaror!
Em:EG'k HPH l:k, EmZE{k-l_Ek;':zE‘k IIpPI lo%k,

T. . BHIPQKAKT CABAIOBYIO fefopMaluio CyMMOR ABYX PaBHHX YIJIOB,
Ha KOTOpHE cMmemaoTcs pebpa mapasienenunesa OTHOCATENBHO OCei.
[lecrs meopManmit, BOSMOIKHHX IPH TaKo# cmcreMe 0GosHawe-
HHUi#l, m3obpaskems Ha puc. 2—2—3.
Ecaun upumars &, = 2§, To us dopmyn (2.2.32) um (2.2.32a)
MONYYIUTCSA

cmn:Cmpq’
a dopmyan (2. 2. 31) =m (2. 2. 31a) magyT COOTHOLIEHM:
npu i=FK, pP=q, m, n=1, 2, 3;
ikpg TP i=kF, p=q, m=1,2,3;,n=4, 35, 6;
Spn = 4S.3pq TPE LK, pFq, m, n==4%, 5, 6.

S S

mn skpg

Smn = 28

dnexrpusaums. [Ipm moMeImeHMH NUANIEKTPHKA B 9SIEKTPHIECKOE
mojie H BO3HHKAeT CMeINeHHe 3aPAN0B, KOTOPOe MOKeT BEIPasKaThCA
au6o gepes HonApHE3aNMIO P, mpemcTaBIANIIYIO c000if 9JIeKTPHIECKHH
MOMEHT efmHEMNIH 06BeMa, Jmbo wepes mEAyKHIm0 D, mpepcraBisio-
Iy co6oli mMOBEPXHOCTHYI0 WIOTHOCTH 3apApa. Hax 9, tak u P,
7 D apasiorcsa Bekropamn. HoMmmoreHTH BexTopoB P m D momydanTes
73 KOMIOHEHT BeKTOpa & HOCDENCTBOM TEH30DHHX IpeobpasoBaHmi

P, =9 (2.2, 33)
D, =¢e,9,. (2. 2. 34)

Benmuman y,, 00pasyloT mMeH30p 60CNPUUMUUEOCIMU, & BEIMIAHEI
e;, — MEH30D  OUSAEKMPUHECKO, npOHUYaemocmy. ITO  TEHB3OPH
2-ro paHra, EMeOI(@e B CHANY CHMMETPHE IO INECTH HEe3aBHCHMEIX
KOMIIOHEHT.

TaxkuM 06pasoM, 3IEKTPUIECKHE SBJICHAA B AHW3O0TPONHOM [H-
DIEKTPHKE ONMCHBAITCA 00jee IPOCTHIME COOTHOIIGHHAMHE, deM
ABIEHAA yOpyro#t medopManmm aHH3O0TPONHOTO Texa. ITO 0GYCIOB-
JeHO TeM, 9T0 moaspusanusa P m mwEAyKnusa D — BEKTODH], TOTHA KaK
medopManus £ m HampsKeHHe o — TEH30DH 2-TO paHTa.

IIne3zoanexrpraecTBo. MexaHmueckue ABIEHAA ONUCHBAIOTCA B3a-
WMHOHA 3aBHCHMOCTHI0 HAUDAKEHHA U RedopMaLmil, dIeKTPHISCKHE —
3aBHCHMOCTBI0 HMHIYKI@A u modei. IlbesoanexTpuieckme ABICHEA

1 Cnepyer mpmsuaTh, uTo cumcreMa ®oxTa HeymoOHa cBoeit acummerpmeir. Ilpm-
XOJHATCA, OFHAKO, CUMTATHECHA C TeM, 9TO (OXTOBH 00603HAYEHHs IIAPOKO pac-
IpPOCTPAHEHH M NeJHE PAX KOHCTAHT ONpefeJeH M WM3BeCTeH HWMEHHO B STHX
o6osHageHEAXx. I10BTOMY X A HONB3YIOCH HMH B CBOEM H3IIOKEHHH.
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COCTOAT B DJIEKTPOMEXaHHIECKOM B3aMMOMNEUCTBHE W MOJKHB OMHCH-
BaThCS 3aBHCHMOCTHI0 MEXAaHHYECKHX BEIHYAH OT 3IEKTPHICCKEX
z o6parHo. OCHOBHOM IbE303JEKTPHICCKHR 3PPEeKT MoskeT GHTDH BhI-
pPaskeH [JA AHU30TPONHOTO Tejla CJHEIYIOMHAM COOTHOILEHHEM:

D, = —d,;;5: (2.2.35)

rae d,;, — KOMIOHEHTbI MEH30PA NbE30IAEKMPULECKO20 MOOYAR, UMEIO-
mero J-# paHr.

B3agMHOCTE OBE303MEKTPAIECKHX ABIEHHA COCTOMT B TOM, 9TO
KOMOOHEHTHl HANPsKEHHA OpeobpasyiTcsi B KOMIOOHEHTH HHIYK-
I[AX DOCPEeJICTBOM TOrO K€ TEH30Pa, KOTOPHE mpeobpasyer KoMIlo-
HEHTHl JJIEeKTPUIECKOr0 IOJS B KOMIOHEHTH pedopmanmm. Hmage
roBops, OOpaTHHU nbe3odneKTpudeckui sddeKT (ABIeHme dIeKTpO-
CTPHKIUHU) MOKEeT ObITh OOMCAH COOTHOIIEHHEM
Epp=—0,;,9, (2. 2. 36)

OTH ypaBHEHUA H ABIANTCH HeOOXOMHMHEM [OiA Hac 00obmenmem
ypaBueHmii (2. 2. 3) Ha caydail aBM30TPOIEOTO HBE303JIEKTPHEISCKOTO
TeNa, KAKOBHIM W ABJIAETCA B JEACTBATEJBHOCTH BCAKEA OBE3OKDPH-
cTasn.

Cammerpasa xpmcrannoB . Ilpmpomurie Kpucrasan o6pasyior
IpaBAIbHEEE QOPMH, COXPAHAIOMAE AJA TAHHOIO XUMHAIECKOTO COENH-
HEeHHs OmpefeJeHHLIe reoMeTpIIeCKde Ipua3Hakd. Bee cymecTByomue
$OPMEL MOKHO KIIACCA(PUIEPOBATH, OCHOBEIBAACH HA TaK HA3HIBAEMHEX
BIEMEHTaX CHMMETDPHHU.

PasznmuaioT ciaefyomue 3JEMEHTH CHMMETDHH:

Ocv cummempuu n-z20 nopadka. Ecnu durypa moxer coBMecTuThea
cama ¢ coboit n pas 3a ofWH OONHEIA 060pPOT BOKPYr HEKOTOPOH OCH,
TO 3Ta 0Ch HA3KBAETCA OCHI0 CHMMETPHHE 1-T'0 HOPAOKa. B xpmcramaax
BeTpevaeTcA oceBas cmMMerpus upm n=1, 2, 3, 4 u 6.

CooTBercTBeHHBEe OCH CEMMeTpmE obosmadawrea I, 2, 3, 4, 6.
Ocsb nepBoro mopAgKa 03HAYaeT IO CYMECTBY OTCYTCTBHE CHMMETDHH,
TaK Kak Qmrypa CoBMemaeTcsa cama ¢ c000# ToNBKO GyayIm moBep-
gyTa Ha 360°.

3epkaavHas ocb cummempuu n-20 nopsdka. Ecam nias cosMemenms
dmErypH ¢ camoii co60d Hy#HO HOCTPOHTE €€ 3epKalbHoe u300paxKeHne
B INIOCKOCTH M u moBepuyTh Ha 360/n rpamycoB BOKpyr ocm, mepmeH-
AEKYJIADHOA K m, TO TaKad OCh Ha3biBaeTCA 3ePKANbHOA OCHIO HO-
panka m. 3epkaiabHie ocn obosHadawTea Tak: I, 2, 3, 4, 6. 3eprans-
Haf OCh NEPBOT0 HOPAAKA COOTBETCTBYeT HAJHIAI MIOCKOCTH CHM-
MeTpaZ m, H03ToMy OmmyT I=m. 3epKadbHasA 0Ch BTOPOrO HOPALKA
COOTBETCTBYET HAIWIMIO yeHmpa cummempuu. Koumbuuupysa snemenTs
CHEMMeTPMHA TaK, 9TO OCH M INIOCKOCTH CEMMETDPHE Ju00 mapasienbHEl

1 Bce, oTHOCAmEeCa K Kpmcrannaorpadmm, mamorkeHo B obosmagsemmax IMyGim-
koBa, ®amATa ™ DBoxmsa.
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(o6o3nagaercs Touxo#), nubo mepmeHAMKYNAPHH  (0603HaTaercH
ABOETOYMEM) APYL APYTY, MOM(HO IOCTPOMTH 27 IPyOO HMIH KIACCOB
caMMeTpud. BBoxA emie cmMMeTDHIO, XapaKTePH3YOIIYIOCH mepece-
UeHMEM OCell IOJ| HeKOTOphM yrioM (00o3HavaeTcs KOCOE weproit),
MOKHO NOJYYATH ele O rpyum, a Bcero, Taxkum obpasom, 32. Irtm 32
rpynosl obbeguHAKTCH B Gojiee KPYIHbIE NOADA3NeTeHHA, Ha3hBae-
Mble CHCTEMAaMM, II0 NPUBHAKY CHMMETDPHU B PaCHOJO/KEHHE TpaHei.
CmcreM Bcero ImecTh: TPUKIUHHASA, MOHOKJIMHHAH, poMbmueckas,
TeTPArOHAJbHAH, TEKCATOHAJABHAN, KYOHYECKas.

B kampgodl KpmcTamlimdeckod ¢opme OTMEYAlOTCHA BIOJHE Ompe-
HeJTeHHHM 006pasoM pacHONOKEHHEE OTHOCHTENLHO IJTOH (PopMsl
KOODAMHATHHE 0CH, 06pasylomge Tak Ha3HBAEMYIo I'JIaBHYI KOODIH-
HATHYIO CHCTEMY.

Mexannyeckne, IEKTPAYICCKHE M NbE303JEKTPHIECKAE KOHCTAHTHI
kpuctamioB. CrmMMeTpmsA, TpHCymas KPUCTANIEICCKAM QopManm,
ABIAETCA BHEMIHAM NDOABICHHEM 3aKOHOMEDHOCTeH IOCTpoeHms
KpHCTaIIAdecKoi pemerku. Benegcreme aTHX 3aKOHOMEPHOCTEH B 06-
mei Taba@me KOHCTAHT, OpPENCTaBAAINAX KOMIOHEHTH TOTO WIH
WHOTO TeH30Pa, OHN BeJMIWHH OKa3HBAITCA PABHEIME HYJIO, Hpy-
rme — PAaBHEIME JAPYT ApPYTY.

Hac maTepecyoT CBOMCTBA KPHCTAILNOB B IPAMEHEHHHN AX K IbE30-
aaexTpmdeckaM mpeobpasoBarenaM. Ilosromy B manpmeiimem Mu 6y-
JieM pacCMaTPHEBATH yike He OOmme COOTHOMEHMA, a CBOMCTBA Tpex
KOHKPETHHX IBE30KDHCTAJN0B, LPEJCTABASIOMAX WHTEPEC C TOYKH
3pEeHES TeXHHYECKHX NPHMEHeHHHA, a WMMEHHO: KBapl, TYDMAJHH,
cermeroBa coxb. MH npmBeneM TabauOE KOMIOHEHT TEH30POB [HICK-
TPHYECKEX, YUPYTAX M INbe30dJeKTPHIECKHX KOHCTAHT HIA Tpex
HA3BAHHEHX KPHCTANIOB, HoJjarasg, 9T0 KOOPAMHATHBIE OCH COBHA-
MAT ¢ TIABERIME OCAMEH KPHCTAJIA.

Yucnennse 3HAYCHNS KOHCTAHT NAHH B COPABOYHMKE, B KOHIE
KHHTH.

ONeKTPHYIECKHME CBOMCTBA BCEX KPHMCTAJIOB ONEHAKOBH, OHH
BHP@)KAIOTCA B HAJHIAM TpPeX IIABHHIX 3HAYCHHH [HAJIEKTPHICCKOH
mpormnaeMocTd. Meranureckue e U Nbe30INCKMPUNECKUE CE0iicmEa
KDUCTNAAL08 CREYUAAUSUDOSAHEL,

KReapy (eopnnii xpycmaav). Xmmugeckaa gopmyaa SiO,. Qopmyna
cEMMeTpEE: 3 : 2, UTO COOTBETCTBYeT TPHUTOHAJIBHO-TPAIEN0d[pHIe-
CKOZ TIpynme TreKCaroHANbHOH cmcTeMH (pmc. 2—2—4).

Yupyrame cBoiicTBa KBapma XapaKTepH3YIOTCA TeM, YTO dacTh
MONylei# paBHEA HY:O, APYTaf ke 9acTh CBA3aHA KPOME DaBEHCTB
oGraHON caMMmeTpEE (C,,=C,;) eme DPANOM 3aBHCEMOCTEeR, TaK dUTO
9YECIO0 HEe3aBHCEMEIX MONYJeH YIDPYIOCTE COKPAMAeTcs X0 INECTH.
To e OTHOCHTCA ¥ X yOPYTHEM KOHCTAHTAM.

Crenylomme qBa BEIBOJIA COCTaBIeHH Io cxeme Ha ctp. 109, oxaako
B HHUX Cpa3y BCTaBJEHH HYJeBHe 3Hadenms. HemyneBme 3HadeHHA
BHIDA;KeHEl Yepe3 CTOAMHE Ha CBOMX MeCTaX MONYJH, MpHHATHe
33 HE3aBHCUMBIE. ITH IIECTh HE3ABACHMHX BEIWYAH WMEIOT HHIOKCH
11, 12, 13, 14, 33 u 44 (oT™eduenn B BHBOHax).
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Monynm ra6KOCTE KOHCTaHTH YHOPYrocTH

en € c3 ey O 0 Sii Sz Sy S 0
g en c3—cy 00 S;a Sy S13 — Sy 0
e3¢y ¢ 0 0 0 513 Sy Sw 0 0
e ey 0 ey O 0 siy sy 0 S44 0
0 0 0 0 cy ¢y 0 0 0 v 25y4

2 0 0 0 ¢ T 5 g o 2 2spy— 10
4 3 1 (s11—31)

ITsesoamexTpmaecKue CBOMCTBA [OCTATOYHO MJA HAMHUX Iemxel
XapaKkTepu30BaTh TEH30POM Ibe303JeKTPHIeCKOX KOHCTAHTH g. Hom-
TDOHEHTH COCTAaBJEHH! N0 AHAJOTMIYHOMY NPHHIIANY, AMEIT O KBaplia
clelyomui BHQ:

gn—8n 0 g4 0O 0
0 0 0 0—gy—2,
0 0 0 0 0 0

TaxkmM o6pasoM, Obe303JIEKTPHIECKHE CBOMCTBA KBapma ompe-
JIeJAITCH OATHI0 KOMIOOHEHTAMH. 33 HE3aBHCHMHE IDHHATH KOMIO-
nenTH ¢ manekcamu 11 m 14. TemsopH OCTANBHHX HbE30IIEKTPHIE-
CKHX KOHCTAHT (T. e. d, e, f) BHpaKaloTCA aHAJOIHIHO.

Typmaaun. Xnamudeckas dopmyna SigO.,(BOH),R AL, R=Al,,
Mgs, Fes, K, Lis, Nag, H,.

I3

I3 Az

Purec. 2—2—4. Kpncramw Puc. 2—2—5. Kpucramn Puc. 2—2—6. Kpucraai
KBapua TYPMAJIAHA CErHeTOBRON COH

Qopmyna cmMmmerpEm: 3-m (TUTPETOHAIBHO-IHPAMHIATBHAA
rpynma TeKCaroHaAbHOHM CHCTeMH, pmc. 2—2—35).

B orTHOmMeEmm MEXAaHHYECKHX CBOMCTB TYPMAalWH MPHHANJICHKHAT
K TOH Ke Ipynme, 9T0 M KBApl, M XapaKTEPH3yeTCA TeM: xe (0 HH-
HeKcaM, a He IO BeIHIHHe) INeCTHI0 MOLYISAMHE HIH TEeMH Ke MIeCTBI0
yOpyraMA KOHCTAHTaMM.

8 A. A. Xapkesuy, T. 1



KoMmonenTsl DBE303JE€KTPUYECKON KOHCTAHTH g TYPMaJlWHA MaHE
B clelyomeM BHME:

0 0 0 0 g5 —2n
— 80 82 0 g5 0 O
€1 €1 gu 0 0 0

TakmM 06pa3oM, TypMaIdH HMEET BOCEMb KOMIOHEHT, M3 KOTOPHIX
geTHpe He3aBHCEMBIX ¢ mHfekcamm 15, 22, 31 m 33.

Ceznemosa coav (Rochelle salt) — nBofimas conb KaJAUA W HATPHUA
BOHHOKAMEeHHON kmeaotH (puc. 2—2—6). Xummueckas Qopmyma
KNaC,H,0,+4H0.

®opmyna cammerpmu: 2 : 2 (pomborerpasgpuiecKasg CPymma pom-
6EYeCKOM CHCTEMEI).

Tabammel Momynedl rm6KOCTH W YOPYTHX KOHCTAHT, CONEprKamume
IO [eBATH BENMYHH, HEMENT CIefyoIIuA BHL:

¢;1 ¢ ¢3 0 O 0 s;; S92 83 0 0 0

€1s Cg €3 O 0 0 S19 Sz S5 0O 0 O

c13 €3 cg 0O 0 0 si;3 s s 0 0 0
0 0 0 ey O O 0 0 0 sg 0 0
0 0 0 0 ey O 0 0 0 0 s35 O
0 0 0 0 0 e 000 0 o 0 sg

KOMIOOHEHTH Nbe303JeKTPAYeCKOM KOHCTAHTH g ONPefelsioTcs

0 0 0 gy 0 O
0 0 0 0 gyso
00 0 0 0 g

T. e. CeTHOTOBA COJb XaPAKTEPUBYETCA TpeMs HEe3aBUCHMEIME KOMIO-
HenTaMmE ¢ mHAfeKcamu 14, 25 m 36.

IIpeodpasosanme roopyuuaT. IIpEBeieER e B IPEAHAYIEM IYHKTe
KOHCTAHTH OTHECEHH K TIJIaBHHM OCAM KDHCTANLNOB. BO3HEKAOT
BOIPOCH: KaKmM 00pa3oM cirefyer BHpe3aTh I PacmoJarats B mpubope
OJaCTHHKY H3 TAHHOTO KpHCTajia ® Boobme wkax Gymer Bectm cebs
KPHCTAIAIeCKasi OUACTHHKA, €CIH ee IPAHA He COBOAMAlT C LJIO-
CKOCTAME TJIaBHOM KOODAWHATHON CHCTEMEI?

OTBer Ha 9TH BOOPOCH HOJYYaeTCA LYTEM MCCIEKOBAHHUA Mpeol-
pa3oBaHmS KOODAHHAT.

Bynem paccMarpmBarh OacTHHKY B (opme mapaiierenmmesna.
O6o3smagaM ocm, coBmagampmme ¢ pebpaMum mapaaiejenumena, depes

1 X3, X, (BOoBHIE ocm), a IlIaBHBe OCH KpHCTalLIa — deped X,,
X,, X, (crapsie ocu). Cxema HampaBIAKMEAX KOCHHYCOB IPEICTAB-
ageTcH
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Mur MmosiieM mpeo6pasoBaTh BCe TEH30DHLIE BEJHMIMHLI, OHpeesieH-
Hble B cucteMe X,, X,, X3, kK HoBHM xooppuearam X, X,, X; mo cue-
aylomuM obmmm Qopmyaam.

Ilpeo6paszoBanme Bextopa (Temsaopa 1-ro paura)

’ — —_— ’
a; = R0y, Ay = 0,y M

IIpeobpasoBanme TeH3Opa 2-ro paHra
Qi = Gp%x@

Qe =000 (IT)

IlpeoGpasoBaHme TeH30pa 3-Tr0 paHTra

7 r
Qrir = %1% pi% i@y pgs Qi = %1% 5%y - (1)
IIpeo6pasoBamme TeH3opa 4-ro paHra
’ ’
aoh’k - acoarlapiaqkacrpqv Qorie = aooalraipakqaorpq' (IV)

B pasBepryTOM BHpe 3TH (OPMYJH JAOT YPE3BHUAKHO I'POMO3J-
KEe BelpaykeHHs. Jell0 CHIBHO yOPOIMAercs, ecau IpeoOpasoBaHmE
KOODAMEAT 3aKJOYaeTCA B IOBOPOTE KOOPAWHATHOHA CHCTEMH BOKPYT
ORHOZ W3 OCel Ha HEKOTOpPHIA yroa (PopMyisi, MOXyICHHKEE s 9TOr0
9ACTHOTO CJIydYas, IO3BOJAIOT, ecim mOTpebyercs, BHUOOJHHETH boiee
ofmee mpeoOpasoBaHHE TpPeMsA NOCAEAYIONEME HOBOPOTAMH BOKDYT
Kammoi m3 oceil). CxeMH HAampaBIANMAX KOCHHYCOB HIDHHWMAIOT
OpHE 3TOM CIeRyIOImuWd BHA:

Mosopor sBokpyr X, ITosopor soxpyr X, IloBopor Bokpyr X,

I X] X, X§ | X, X, X; l X X, X;
X1 1 0 0 Xl « 0 3B Xl e—B O
X, 0 a —B X, O 1 O Xof B a O
X3 0 B a X3|—B 0 «a Xs| 0 0 1

3pmech obosnageno: a=cos ¢, f=cos (p—n/2)=sin ¢, THe
¢ — yroi, Ha KOTOPHA IOBOPaYdABAETCA KOOPHWHATHAA CHCTEMA
(pmc. 2—2—17).

Hac mmrepecyer B mepByi0 odepelb Ipeo0pasoBAaHHEE BeIWIHH,
XapaxkTepU3yIOMUX Mhe303JeKTPHIECKAe CBOXCTBA, B JACTHOCTH Ipe-
o6pa3oBaHme OHE303IEKTPEIECKOH KOHCTAHTH g. Tak Kak sTa Be-
A@YEHA €CTh TEH30p 3-T0 PaHra, TO AJiA IPeo0pa3oBAHEA MEl JOJIKHEL
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socnonbzoBatses gopmynamu (I1T). [loasaysack cxemamu KOCHIYCOB, MKl
MOKeM MOXYdYHTh (GOPMYIH mPeo6pasOBAaHUA NbE30BNEKTPUICCKUX
MoxnyJiei Iis BceX TPeX HOBOpoToB. B o6mewm Bupe (T. €. mprrogaoM mis
a060ro KpUCTaiia B cIyJae CEMMETDHE TeH30pa HALOPSKEHHA) oTH
bopMyns BHEHECEHH B IPHIOKeHHe, NOMENEHHOe B KOHIE KHAIH,
37€Ch jKe MHI IpHBeeM Iumb GOPMYIH NI KBYX MHTEPECYOIIAX HAC
KPHUCTAJIIOB: KBapIa M CETHETOBOM cosm. Tak Kak y KayKIOTO @3 3THX

5,25

£y, .Z',/

Pmec. 2—2—7. TIpeo6pasoBaHHe KOODAMHAT, COCTOSIIEE B NOBOPOTE BOKPYK
OHOM M3 IMABHEIX OCeit

KPHCTAJIJIOB 9aCTh KOMIOHEHT IThe309JEeKTPHUECKAX KOHCTAHT paBHA
HyJI, TO ® HOCHe npeobpazoBaHma TabaMIa KOMIOHEHT Ipeobpa-
30BaHHOI0 TEH30Da, ecTeCTBeHHO, Bo3pacTaer. Hmxe npmBexens
cXeMbl mpeo6pasoBaHHA AJA TPeX IOBOPOTOB:

Hsapn
HoBopot Bokpyr ocu X,

&1 |21 +oBgry| —Bogui— |(@2—BYgy+ 0 0
—afigyy + 2aBgy,

0 0 0 0 —ag14 + 20Bgy; | —2a%y; — adg),

0 0 0 0 —28%1) + oBgy | B4 + 2aB);

Ilosopor Bokpyr oca X,

adgy —agy aB2gy; a8y 2a%gyy —afeyy
aBgyy 0 —afgyy —Bgn | —(a2—B2g1s| —2ag
a%gyy _ —Ben B3s11 aBgiy 2aB2g; —B2gy4

Hosopor Bokpyr ocm Xg

a (a2 —382) gy; |—a (a2—382) g, 0 a?gyy afgy | —28 (a2 —B2) gy,
—B (a2 —B2) g1y | B (322 —B2) gy, 0 —aBgly | —B2%4 | —2a)(a2—382) gy,
0 0 0 0 0 0

116



Cernerosa coab

Iosopor Bokpyr ocm X,

0 aBgyy —aBgyy | (22 —32) g1y 0 0
0 0 0 0 a2g,5 — B2g3s B (g25 + £36)
0 0 0 0 —a3 (825 + 838) agss — B2ges

[loBopot Bokpyr ocm X,

0 0 0 a%g1y — 3% 0 —ad (¢14 + &36)
—Bagys | O a3gos 0 (a2 — B2) gos 0
0 0 0 a3 (g14 + &38) 0 a%gss — B2g14

IoBopoT Bokpyr ocu Xg

0 0 0 a2g;y — P25 B (go5 — £14) 0
0 0 0 —af (g25 + £14) a2gys — P21y 0
aBgss | —aPgss | O 0 0 (a2—B%)g3g

TTonp3ysich 9TUMH CXeMaMm, MBI MOKeM YKe CO3HATEIbHO BHOH-
paTh OPMEHTAUHWI0 IJIACTHHKM XOTA GRl B TOM JacTHOM ciaydae (CHM-
MeTDHYHEE TEH30DH), KOTODHA MBI DPacCMATPHBAEM.

BriGop opmeHTanHMA ObE303TCKTPHYECKOH MIACTEHEH. I[lomoxmM,
9TO MH XOTHM DeaJd30BaTh Nre303PPeKT, MOMyIaeMEid NPH CHATHE
nnacTrEKA (B PopMe mapadielnensmexa) B HAUDABICHWUH, HEPOSHIH-
KyJfApPHOM OJHOH H3 map rpaHei.

IIpesxpme Bcero ME MOMKHEL £aTh cefe OTIET B TOM, KAKOB XapaKTep
BO3IEACTBAS HA NIACTHHKY B KaKOB CIOCOD HCIONBb30BABHSA IBE30-
addexrra. OT aTOr0 CymeEecTBEHHHM 0GPa30M 3aBHCHT pelIeHye BOIPOCa
0 HAUBHTONHEHIIEH OpHeHTANWH NnacTuHKkE. B ob6mem BHpe, T. e.
He 0roBapmBas pe;KuMa npeobpasoBarens, HA BONpPOC 06 opHeRTALAH
HeNb3A NOAYYATH HE TOAHKO IPABHMIBLHOLO, HO M BOOOWME OCMEICIEH-
HOTO OTBeTA.

| IIpegmomoykmM, 9T0 MH OKasmBaeM Ha IUIACTHHKY [aBJleHHe,
a CHEMaeM C Hee DJIEKTpHYECKOe HampsyKeE@e. B aToM ciaydae, Kak
moxaszamo B § 2. 1, mpesosmexTpmueckmit addexT xapaxrepmsyercA
KoucranTolt g. Hampsskemme Gymer BHpaKaThCA, KaK o), HIHA O,
HIX oy, B 3aBECHMOCTH OT TOTO, HA KaKWe IPDABM OKa3HBAETCA JaBJe-
mme. CranmBamue HAOpPS)KEHHES B PACCMAaTPEBAEMOM CIydae B HO-
BEIX KOODAHHATAX OTCYTCTBYIOT, NO3TOMY HHTEDECYIOIIEe® HAC KOMIO-
HEHTH Npeo6pasoBaHHOIO TEH30PA KOHCTAHTH g 3aK/IKOYEHH B Iep-
BHX Tpex cTolx6max BHmeEnpEBeNeHHHX cxem (m, n=1, 2, 3).
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Nnsa xBapma M mMeeM

Mozsopor Bokpyr oca X, Iloopor Bokpyr ocm X, IloBopor Bokpyr ocm X,

g1=2¢n g =2a%y gu=oa(a2—3p2)g)
812 =—02gy; +ofgyy §12=— 281 gla=—a (a® — 382)g
813 = —B2%1 — aBgus g1s=aP%mn g1 =—B (22 —P2)gy,
go1=aBg14 g3 =P (322 — B2)gy;
8a3 = —Pg1s
gs1=22Bgn
g3 =081
€33 =F%mn

KoMmorerTa g,; I14 KBapra B 3,25 pasza Goiblle, IeM g,; ecre-
CTBEHHO m03TOMY BHOparh npeo6pa3oBaHHYI0 KOMIOHEHTY, 3aBH-
CANYXH HMEHHO OT gy,. Hak Bugmm, BHOOD H0BOIBHO Besmk. O6nano
BHPE3a0T IIACTEHKY TaK, 9T0 TPAHK, HA KOTODHE OKa3hBAETCA MTaB-
neHne, DEPIeHTEKYIAPHH ocH X, T. €. HCIOAB3YIOT KOMIOHEHTY g, =
==g,; (uepBuit cronbern). CooTBETCTBYIOMAA OPHEHTANUA IUIACTHHKE
u306pakeHa Ha puc. 2—2—8. IT0 OTHIONE He e[MHCTBEHHAS BO3MOMK-
gHOCTh. MOKHO, HampUMep, BHPe3aTh IIACTEHKY C IOBOPOTOM BOKDPYT
ocm Xg, HCHONB3YA KOMIOHEHTY g, =a (a2—3P%g,; (rpermi croxn-
Gem). [lna maxoKAeHHAA HAUBHTONHEHAmeHX OPHEHTAHH B ITOM CIY-
9ae HYKHO HAfTH MaKCEMYM g, Do yray. ME HaxoiuM ONTEMAaibHOE
smagenme ¢=60°; mpm aroM

’
811 max = —811>

T. €. B KOJXYECTBEHHOM OTHOLIEHHW — TOT JK€ Pe3yibTaTr, 9T0 W IpPH
OGHYHONX OpHMEHTALWH.

IIpm Toii sxe MOCTAHOBKE 3a4a9d [IJIA CETHETOBOM COMM MOIYIAIOTCA
CIIe[yIOMUe pesyiIbTaThL:

II0BOPOT BOKPYr ocx X, IIoBOpPOT BOKPYTr ocH X, IoBopoT BOKPYr ocu X,
7 ’ ’
g=ofgy 81 = —%Bgos gn=oBgs
4 7 ’
815 = —0Pg, 8= Pgss 83 = —aPgs

Kax BEguM, MHOKETEIS, 3aBHCAMHUNA OT yria MOBOPOTA, ONUHA-
KOB i Bcex npeo6pa3oBaHHBIX KOMIOHEHT, OH IOCTATaeT MAKCEMAJb-
HOT'0 3Ha4YeHWs, PABHOTO NOJOBHHE, mpH ¢ =45°,

UYro Kacaercss KOMIOHEHT KOHCTAHTH g B TIIaBHHX KOODIHHATAX,
10 mo maEHEIM MacoHa g,; mMeer HawGonbimee suagenue; mpu 30° C
825/814=2,8; 845/856=3,5. TaxmM o6pasoM, HaWBHrogHEHAIIEM B pac-
CMaTPHBAEeMOM Ciaydae sBIAETCS MOBOPOT Ha 45° Bokpyr ocm X,.

Hyxmo 3ameTdTh, 9TO O6GMENPUHATOM [0 HACTOAMEr0 BPEMEHH
OPHeHTammed SABJIAETCA MOBOPOT BOKPYT OCH X;, T. €. HCHOJb30BAHME
npeo6pasoBaHHHX KOMIOHEHT gy, WIH g, (puc. 2—2—9). Takoi BH-
6op ompenensercsa CpaBHEHHEM KOMIOHEHT MBE303JIEKTPAIECKOTO MO-
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Puc. 2—2—8. OGbI9HAA OpDHMEHTa-
nAs RBapneBoOiil ILIACTHHRRA

<

T
2 pmec. 2—2—9. O6GLIIHAA ODHCHTA-
HAA NASCTMHKM W3 CETHETOBOA COMH

Iy

nyas d. JleficrBTeNbHO, KOMIOHEHTA dj, 3HAYHTENHHO HPEBOCXONHT
ocranbrbe fBe. Ilo gammsiM Toro ke Macona, npu 30° C dyy/des=35,3;
dyy/dgs=23.

Ho, kKax mOKa32aHO BHINE, IyBCTBHTEILHOCTb IHe303JIEKTPHIECKOTO
npuGopa, BhHIpakaeMas OTHONEHHEM HANPSKEHHS XOJOCTOr0 XOAa
K CHie, OIpefelNsercA He MORyleM d, a KOHCTaHTOH g, CPABHEHHE
KOMOOHEHT KOTODO# H CIefyeT KIacTh B OCHOBY BEIOOpA OpHeHTAUHH.

Kpome Toro, BHOHpas OPHEHTALHIO, CIeAyeT YYHTHBATH eme
¥ TeMIepaTypHYIO SABECEMOCT Pa3IHIHEX KOMIOHEHT, a TAKKe IpPO-
H3BONCTBEHHHE COOGDAKEHHA, O 9eM TOBODHETCA B OTHENLHOM 3aMe-
ganmu (3 [lpmioxeHnn).

MecTHble ypaBHEHEA B TeH30pHOH Qopme. Obbenmuas ypas-
memma (2. 2. 31), (2. 2. 34), (2. 2. 35) = (2. 2. 36), nomy7aem MeCcTHHE
ypaBHeEHA TNbe30dIeKTpHieCKoro npeoGpasoBaTenss B TEH30PHOM
dopme:

D, = (e13)s Ip— Lrsx®unr €= =891+ (Spgi) g% (2-2. 37)
D1y ypaBHEHAA SABIAITCA HEOOXOAHMMEIM ANs HAc 0600meRmeM ypas-
memmir (2. 2. 3) Ha CIyvYaii aEM30TPONHOrO NHE30BIEKTPAIECKOTO
Tena, KAKOBHIM H OKAsHBAeTCA B [GHCTBHTENBHOCTH BCAKHH [be30-
KPHECTaJLI.

3aMmeTnM, YTO AMIIEKTPHEYECKAs HOPOHHIAEMOCTh B TJIaBHOH CH-
cTeMe KOOpIMHAT EMEET TOJbKO KOMIOHEHTH C OJMHAKOBHME HHJIEK-
camu (MHade TOBOPA, KOMIOHEHTHl HOJAPH3AUMA, HE COBNAjaioNIHe
0 HAIpABIEHMI0O C KOMIOHEHTaMH MHOJS, OTCYTCTBYIOT). Tosromy
ME[ HOJUKHE HOJOMKATH B OEPBOM YDPaBHEHEH h=1l. lanee momomxam
pg=n, ik=m; TOTAa ypaBHeHHA (2. 2. 37) MoO'KHO DepemmCaTh TaK:

D7 = (ell)a ‘91 - dlmcrn’ En = —'dlngl + (Snm)s O (2' 2. 38)

Vpasrerms (2. 2. 37) mpemcTaBaAIOT cofoif COKpAmIEHBYH 3aOHACH
caegyiomer CXEMH.

Jlepriit BepXHER yroll 3aHEMaeT TEH30D NMAIEKTPHIECKOH IpOHHE-
[AeMOCTH, B IPABOM HIKHEM YTy DPACHOJOMEH TEH30P MOAYIA rub-
KOCTH, [BA OCTAJBHHX YTila 3AHAMAET TEH30P Ibe303JIEKTPHIECKOTO
Momyns. B CENY CHMMETPHEE TEH30PA MOAYIA TEOKOCTH KOMIOHEHTH
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S;, TpU [ >k 3aMemeHsl DaBHBEIMM MM KOMIOHEHTaMH S, (HOX Xua-
rOHAanbHON YepToii).

9, 9y I3 9 92 9 % 9 )
D, en 0 0 —dy | —dig| —di3| —dig| —dy5| —dyg
D, 0 €90 0 —dgy | —dgp| —dpg | —doy | —dog| —dyy
Dy 0 0 €33 —dy | —d3a| —dg3| —d3g | —dgs| —dyg
31 —dy; —dg —dg 11 s12 813 S Si5 Sy
& —dyp —dgp —dg 519 | Sa2 Sp3 Sy Sa5 Sgg
& —dy3 —dg3 ~dg3 stz Sas | S; sm Sas sy
& —dyy —dyy ~dyy S Soy S3 | Sa Sg5 Sy
&5 —dys —dys —d3;5 15 S5 S35 i | s Sm
Es —dig —dag —d3g 516 S28  S36 Sy Sse | Seg

IlpegmonomaM, 9TO BOB[EACTBHE HA KPHUCTAII 3aJAETCH TONBKO
OfIHOH KaKo#-1m60 KOMIIOHEHTOR MOJA 9, W TOIHKO ONHOA KOMIOHEH-
TO# HaOpsAsKeHHs o,. Hac mETEpecyeT TonbKO KoMImOHeHTa medopma-
OWH, COOTBETCTBYMINAaf HANPSKEHHIO, T. €. Ta, KOTopas Hemocpel-
CTBEHHO BHIpa;kaeT paboTy cuunl. [IpHHEAB 5T0, ME JOJKHEL IOIO0MKUTH
B ypaBEeHmEAX (2. 2. 38) n=m, ¥ OHE IPUHUMAT BHUN

‘Dl = (éll)c 91 - dlmam; Em = _dlm‘gl + (Smm)s O (2 2. 39)

B oTEX ypaBHeHmAX yKe He IOXPAa3yMeBAeTCA CYMMHEPOBAHME;
HHJEKCH | M m MMeIT BHOJHE ONpeNeleHHHe SHAYEHHH, OMpenessde-
MHe CI0CO60M HMCHONb30BAHUS KPHCTAJIOB.

3ameTnM, 4TO B CHIAY CBOMCTB TEH30pA e

1
D,:e”«?,, !9,:50‘,
a DOTOMY MH HMeeM IpPaBO BBOJHUTH BEIWIHHY 1/e,( B TEH30DHHE
2

ypasrenna. Takmm obpasoM, ypasmemmsa (2. 2. 5)—(2. 2. 7) moryr
OHITH IpENCTaBIEHE B TEH30PHOH (opMe cremyromuM o6pasom:

9,= @%E Dy + frnfm = FimDi + Co)p b (2. 2.40)
Dz = (e“)e 3‘ - f""s’”’ Om = elmal + (cmm)a Em’ (2 2. 41)

1
9, = Ione D;+ 814 m 8 =—81.D, + (Smm)p Om  (2.2.42)

TenzopHbie COOTHOMICHHA MEKNY DPAaSINYHBIMH Nbe30dIEKTpHIe-
cknmu  koHcranramu. Coormomernms (2. 2. 11), ycraBasmmBaiomme
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3aBHCHMOCTH MEKIY PAasJMIHBIMM [bE303JeKTPHYECKAMH KOHCTAH-
TaME B CRaJADHOA (OpMe, YCIOKHSAKTCA IIPH IEepexofe K TeH30p-
HBIM BHD/KEHHAM.

B o0mem Buae, npEHAB BO BHEMAHHE JHINb 00IM@e JIf BCEX KPH-
CTaJIOB CBOWCTBA TEH30pAa &, MH HMeeM clefyomue QOPMYJH,
BRIpajKalomye KOMIOHEHTH ONHON Ibe303JeKTPHIECKOH KOHCTAHTH
gepes KOMIOHEHTH JAPYroi:

dlm = (Smn)s eln’ elm == (Cnm)s dl” '
1

glm:mdlm’ dhn:(ell)cglm’

2.2.43

flm - (Cmn)p gln’ glm - (smn)l) fln’ ( )

elm == (elI)E flm’ flm = elm .

B atEx dopMymnax cyMMEpOBAaHHE B HPABHX 9aCTAX IPOH3BONHETCA
TOJNBKO IO 3HAYKY N; TaKHM 00pasoM, MpPaBHe YacTH BTODOH ® deT-
BEPTOHA CTPOK IPEACTABIAIT COGOH OJHOWIGHHHNE BHPAMKEHHA.

Benuguum c,,, us,, cBA3ans MeKAy co00# COOTHOMEHMAMH

Sn =Ly /A (C),  Cpy=10,,(s)/A(s), (2. 2. 44)
rae
C11C12 + « + Cyg SS1g + + - Sig
s@=|T I ae= I
Ce1Cez + + -+ Cgg Sg156a + - - Sgg

a A, () = A, (s) opencraBasaiT cobod anre6pamdeckme TOMOTHE-
HOA, T. €. MEHODH COOTBETCTBEHHHX OIIpefleldTeNeit, MOIyIeHHHE
BHYePKUBAHUEM N-il CTPOKU U m-ro cTonbua, yMHOKeHHHe Ha (—1)™™,

O6mpme ¢opMyan yopomaoTcs [IA YacTHHX ciaydaeB. Tak,
OIS CerHeTOBOW CONM B CHUJIY NPHCYIMHX e CBOHCTB CHMMETPUH
(cm. crp. 114) ompemenmrenm BsiposkgaTca ® Qopmyus (2. 2. 43)
nprobperaoT ofHOWIERHYI (OpMY, BHONHE CXOofHylo ¢ (2. 2. 11),

_ 1 _ . (cmm)s
flm - —(s—-”)—E €im = (cmm)D Eim = (s“)E im?

elm = (SII)E (cmm)p glm = (cmm)s dlm = ('91[)E flm’

1
Eim— ~(_;l—lxd[m = (smm)l) f’”‘ = (e12)s Cim’

(2. 2. 45)

Qi = (&10)e (Spam) Fim= (smm)a €im = (¢12)s Eim-
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IIpm aTOM HY)KHO emie MMeTh B BHAY, UTO JUJIA CETHETOBOH coau
AHEKC m B 5TUX (GOPMyJNaXx NPUHUMAET TOJHKO 3HAYEHUA 4, 5 u 6,
TaK d9TO

cmm=1/smm’ Smm=1/cmm‘

CraTHyecKne ypaBHEHHs Nbe303TEKTPAYECKOro npeodpasoBaTens.
B § 2.1 Mn mepemu:m OT MECTHEIX YPaBHEHHH MBE303JIEKTPHIECKOTO
KpHCTajia K yDaBHEHHAM IpeobpasoBaTelsA, BBelsa HEKOTOpPHE 06-
mue xospdunuments! k,, 3aBHCAMEe OT TEOMETPUIECKUX Das3MepoB
npeoGpasoBaTes.

Temepp MBl MOKeM, ONHPAsCh HA PACCMOTDPEHHEIE BBHIIIE TEH30D-
HEe COOTHOUICHHA, KOHKDPETH3UPOBATH 3a7ady NPUMEHUTEIBHO K TOX
wIE @HOH opMe M K JAHHOMY BUAY KPHCTANJIA I TOBECTH BLIYMCICHEAA
KO KOHIA.

Ilycts mama KBapuemas HaacTEHEKAa B (opMme mapajjelemuiena,
IMelomas pasMepH Ly, I, u l; COOTBETCTBEHHO BIOJb IPe06Pa30BaHHEX
oceit X, X, u X, (coBmamaomux ¢ pe6paMu IJIaCTHHKH).

Bri6epem OGHYHYI0 OPHEHTALIMIO, T. €. BHIpEMeM IJIACTHHKY MO
TJIaBHBIM OCSIM, M PACHONOKAM OOKIALKY HA TPAHAX [,l;, T. €. Ha Tex ixe
HNepOeHfAKYIAPHEX ocu X, TPAaHAX, Ha KOTODHE OKAa3hIBAGTCA Me-
XaHWYEeCKoe Bo3feidcrsme. B TakoM caydae MeCTHHE YpPaBHEHHA,
HampmMep ypaBHeHHmA (2. 2. 5), HmepemumImyTcs B BHUIE

9= ﬁ'lﬂ + fab oy = fuDy 4+ (cn)y £ (2. 2. 46)

Ilis paccMaTpEBaeMOro CTAaTHIECKOrO CIydas feopMaLlud OgHO-
popun. IlosroMy mHTErpHpoBaHWE MECTHEHIX YpaBHEHHH 3aMeHAETCH
IDPOCTHM YMHOKEHUEM. ¥ MHOKHAM IePBOE YPaBHeHUE HA [y, a mepBHIA
9JIeH IPaBOM 9acTH ele YMHOMKUM W PasfeNuM Ha lyl;; BTopoe ypaBHe-
HEe YMHOKEM Ha l,lg, a BTODOil wieH mpaBO# 9acTH eme YMHOKEM H
pasgenmm Ha I;. Ilomyaum

1
U,= oo + Fats Fr=Fuq+ s, (2.2.47)

rae C,= (en); Lols/ly; 8, = (c11)p Loly/l;.
Harx Bmpio, ypasmemma (2. 2. 47) coorsercrBylor (2. 2. 18);
k03P dumuenT %, OKa3HBAETCA [JIA TAHHOTO CIydas PABHBEIM eIHHUIE.
BospMeMm Temeps MIACTHHEKY M3 CETHETOBOM COlM OGHIIHOA OpmeH-
Tanum, T. €. ¢ IoBOpoToM Ha 45° Boxpyr ocm X,. Mmawe rosops,

HCOOJIb3yeM KOMIOHEeHTY f;,. Mecrune ypaBHeHmsa (B HOBHX KOODJH-
HaTax) OPHHAMAIOT BHJ

’ 1

= C Di+fiofsy  oy=FfaDi 4 (cp)p s (2.2.48)

YMBOXEM IIO-IpeKHEMY HepBoe ypaBHeHHE Ha [;; IepBHH dWIeH
OpaBoif 9acTH YMHOMEM H DasfenmM Ha l,ly;; Bropoi wiem — Ha I,.
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Bropoe ypaBmenme yMHOKEM Ha [ll;; NepBHil 37eH TpaBOE 3IacTH
yMHOMEM 4 pasfenmM Ha l,. ITomygmm

1 ‘ 1y o
U= t+pfom  Fy=pfog+spm.  (2.2.49)

B oramume oT ypaBmemmit (2. 2. 47) 3mech HHIEKCH NpPH JJIEK-
TPHYECKAX A MEXAHWYECKHX NEePEeMEeHHHX He OJMHAKOBH; 9TH HHIEKCH
YKa3HBAKT I'PAHM, HA KOTOPHIE EACTBYIOT Te WM WUHEE IepeMEHHHE.
B namnom ciaywae ofrjaamku Jie;KaT HA TPAHAX, DEPHEHTHKYIAPHHX
ocm X}, a cuia fleHCTBYyeT Ha IPaHH, NePHeHAMKYJIAPHHE ocE X,.
Kospduuuent %, oxasriBaercs B anHOM ciaydae paBanM I /l,. Ocraercs
MONCYNTATh KOB(PPUOMEHTH [Js NpeoOpPA30BAHHHX KOODPIHHAT.

EmKocTh 3akaToil miacTulku (T. €. IpH OTCYTCTBUE KedopManmu)

C“ — e;111213 .
1

Yupyrocrs X0XOCTOIO XoOfa

_(ea)p lils
(A )
Cxema HaOpaBAAWINEX KOCHHYCOB AJS NAHHOTO CIydad (TOBOPOT
Bokpyr ocm X,)

X1 X; X3
X,/ 1t 0 0
X, 0 a —B
X! 0 B a

(3mecks a=cos ¢, B=sin ¢).

IIpeo6pasoBanAsie KOMIIOHEHTH TEH30POB JIHIJIEKTPHIECKOX IpO-
HUIAEMOCTH, NTHe303JIeKTPNYECKOR M YNpPyroif KOHCTAHT [AiA Cerme-
TOBOH CONH

ey, == af ey + ad ey 4 a3egy, fi2=2a8f,,

Cyy = a¥Cay + Bogs + 20°82 (cy3 + 2eyy).

Ipurnmag ¢ =495°, a=p=1 /\/2, 110J1y4aeM OKOHYATeIbHO
/ ' ’ 1
& = Cus he=t Coo = 7 (Caa + Ca5 1+ 2¢55 + hcyy)-

AmanormusrM 06pa3soM BLIYACAAKTCA Ko3QQHIMEHTH ypPaBHEHER
W JJIA OPYTrEX OpHEHTamui.

Boxee cinoskHHe CayJad HEOZHOPOJHOH [efopMammEm pacCMOT-
peEH B § 2.5,
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2.3. [lpuMenenus M KOHCTPYKTHBHbie opMbl mbe3onpeofpasoBaTeis

IInesompeobpa3zoBaTe]b 3aBoeBajl B TeXHHKE IPOYHOE MeCTo
B LEJOM pAfe CcHmenmaibHbix npuMeHeHmid. OXHO W3 IIHPOKO H3Be-
CTHBIX IIPEMEHeHH# — CTabuiu3anmA JaMIOBHX TIEHEPATOPOB Npu
IIOMOIIE KBapla. 37eCh UCIOJb3YeTCA BEHICOKAA CTEHEHb IOCTOAHCTBA
MEXaHHIECKEX KOHCTAHT KBapla, OHpPEeAe]A0muX ero cobcTBeHHyio
YACTOTY, 4 CTAJd0 OblTh, ¥ IaCTOTY TeHEpPaTopa, B 3a[A0MUA KOHTYD
KOTODPOTO OH BKIOYeH. VIHTepecHO 3aMeTHTh, 9TO MAJOCTh IbE30-
JMIEKTPHIECKOr0 K. I. B JAHHOM CIydae ABJAETCA G6JarompUATHHM
daxTopoM, Tak Kak I KBAPIa MAIBIME OKA3HBAIOTCA U HONDABKE
Ha pEeKUM DIeKTPHIECKOH CTODOHH cTabmiamsaropa.

O6mem3BecTHO TaK)e IPUMEHEHMe KBapHa B KadecTBe maMe-
purena naenemmit. LlemHo To, 9To KBapm, obmamas Goabmoi mpod-
HOCTBI0, OPHTOfEH AJA H3MepeHHA 6GOoJNbIIMX IePeMEHHHIX NaBleHmi
MK MAJHX I€PEeMEeHHBIX JaBIEeHAN OpH 60MbMAX HATAJIBHKX HOCTOAH-
HEIX faBleHuAX. L[eHHB TaK:Ke jKapo- H BOJOCTOAKOCTH KBapIa,
[03BOJIAKNIIAE TPAMEHATH €I0 B CAMBIX TAKEJIHIX YCIOBAAX, HaOpmMep
[JA M3MEPEHHs NaBIEHUs BHYTPH NWJIEHApA [BUTaTe]A BHYTPEHHETO
CrOpaHds.

KinaccpuecknM DNpEMEHEHHEM NbE30KBaplia ABIAETCA MCHOJb-
30BaHDEe €ro B Ka4ecTBe MCTOYHHKA IHOABONHHIX YIBTPa3BYKOBHIX
roneGammit, gTo ORLIO mpemiokeHO JIaHKEBEHOM.

Yame Bcero KBapueBbl BHGPAaTOp YIABTPAa3BYKOBOH 9acTOTH BH-
NOJNHAETCA B BHOE CJOCHOX KOHCTPYKIHH, COCTOAINEGHA M3 KBapuesoi
IIACTEHKM, 38KATOH MEMIYy [BYMA MACCHBHBIME MeTAJIHIECKAME
obxmankamum. Takoe yCTPOHCTBO MO3BOJNAET HONYYATH TpebyeMele
(yapTpasByKoBhle) 4aCTOTH OPH KBAPIEBHIX ILIACTHHKAX IpHEMJIEMO
(t. e. me cnmmkoM Gosabmoit) TonmmEH. [xs nomyseHmsA GoJabIIMX
paboamx miomapeit KBApHEBYI IJIACTHHKY YibTPa3ByKkoBOro Bumbpa-
TOpa cOGMpAIOT 9acTo W3 HEGOJNBMEX KYCOIKOB, 06pasylomuEX Tax
Ha3nBaeMyo Mo3amKy. Tak Kak Bce KycOYKE paboTaloT Ha cixarme,
TO HEOJHOPOTHOCThH KBapla B HANDABJICHHM, IEPIEHIEKYIAPHOM
K HampaBJeHHI0 fedopMaluy, POJM He HIpaer.

B coBpeMenHo#l 3NEKTPOAKYCTUKE OOMIHEpPHOE NpUMElIeHUe IONy-
9EIA MHEOTOYHMCJIEHHBIE I PasH00bpasHbe 116€30a0IAPATHL U3 CETHETO-
Bo#t conu. Ciojja OTHOCATCA B HEPBYI0 OUepeldb Nbe3OMHKPODOHH H
Obe309NMEKTPHICCKEE [POMKOTOBOpHTENH. LA BCeX 3THX almapaTos
XapaKTepHA TEHIEHIWA K MHCIONH3OBAHMIO (oJiee CIOKHHX BHOB
nedopmanumii: BMECTO MIpPOCTOrO CIKATHA MCIOJB3YIOTCA KpydeHwme,
m3ru6 m Gonee cuosxune medopmarmam. CooTBETCTBYIIMEM 00paszoM
YCIOMKHAETCA YCTPOACTBO KpHCTaximdecKmx siaementoB. OmEaM 3
THEOAYEHX A OYeHb PACIPOCTPAHEHHLIX THIOB ABIAETCH TAK Ha3HIBae-
MBI GEMODQHEIA 3IeMeHT, OPeNCTaBIAIMAA cO60H aBE IIACTHHKH,
CKJIeeHHEIE BMECTe, C HPOJIOKEHHOHX Memy mmMH oOknangkon. [lBe
Apyrme oORIafgK®, PACIOJOKeHHbE HA BHEIIHHWX IPAHAX, COGXUHEHH
napaniensso. Ecam snement pa6oraer ma msrmb, TO oaHa MN0JI0-
BMHA OKasHBaeTCd B CPeJHEM pACTAHYTOH, a Hpyras — CKATOH..
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Puc¢. 2—2—10. [Ipumepsl KOHCTPYKTHBHBIX GOpM Nbe3onpeobpasosaTeneii

1 — KJIaCCHYECKMH YJIbTPa3BYKOBOI KBapLeBH¥ BEGpPATOp «COHIBHY» (JLaHKeBeH): a —
KBapll, 6 — MeTaJUMAYeCKHAe IUIaCTHHMH; 2 — KBapleBasA MO3aWKa; 38 — OpuMeHeHAwne OH-
mopdHOro ajemeATa B nDbe3oTenedoHe (mim mmrpodore): a — 6mmopdHAA nnacrmma,
6 — mmadparma, ¢ — 3aKpelUleHMe KOHIA ILIaCTERKW, 4 — pacmpocTpaHeEHaA ¢opma
nbesoTenedora (amm MuxpofoHa); a — KBampaTHas GuMopdEas OAACTHEKA, 6 — mmad-
parmMa, ¢ — 3afeJIKa OJHOI'O YIia, 2 — OI0pa Ha OCTAJBHHX ABYX YTiaX; § — ycTpo#cTBO
Ibe302JIEKTPHYECKOr0 8BYKOCHEMATENA (afauTepa). a — 6GuMop(rLil smeMeHT, 6 — ArIO-
mep:KaTesib, 6 — 3aKpelIeHHe, OO YCJIOBHAM paboTH 3aKpemleHre MTOJDKHO HMETh pe-
AKLMIO TMIIA TPEHUA U BHIIOJHATBCA M3 BABKOTO BelUECTBA (4«BACKOJOHMN®); 6 — Ibeao-
oJlekTpnyeckana quadparma (BananTaitn), cocTaBieHHasa U3 6MMOPOHEIX CEKTOPOB, Kar it
3 KOTOPHIX H3TH0aeTcA B INIOCKOCTA PaTHYCa, B peayuabTraTe Bca nuadparma nedopmmpyerca
¢ LeHTPAJbHOM cHMMeTpHel

JleiicTBe 0o6enx MOJOBHH NIPU YKA3aHHOM PAaCOOJNOKEHUH M COeH-
HeEnm OOKIagoxk cymmmpyercs. Teopuss Takoro poma GmMopdHOro
snementa gaHa B § 5.7. Ha puc. 2—2—10 m306paskeno cxeMaTHIeCKH
YCTPOMCTBO HEKOTOPHX DHe30aldapaToB.

IlepecmarpmBas nepederb Hamboiee YIOTpeOHMTENBHHX IIbE30-
sJIeKTpmIecKHXx NpmGOpOB, MH 3aMeyaeM, 4To B OOJBIIMACTBE OHH
ABNANTCA Npeobpas3oBaTelAMU-TEHEPAaTOPAaMHA H [eNATCA Ha [JBe
rpynns. OfHa Ipynma XapaKTepu3yeTCs TeM, UTO Pa3BUBAET dJIEKTPHU-
9eCKoe HalpAKeHHe, NPONOPUIUOHANBHOE CMCIUIEHHI0 MeXaHHIECKON
gactm (BuGpomerp, 3ByKocHuMaTeab, ceiicmorpad); jpyraa rpynna
pa3BMBaeT HampsKeHWe, IIPONOPIHMOHATbHOE JIeACTBYIOmMER Ha Mexa-
HEYECKYH 9acTh cmiie (MEKPOQOH, AMHAMOMETp, MAHOMETD).

Ilna mepBoit Tpynmu YyBCTBUTENBHOCTb ONpENeNAeTCS OTHOLIe-
HEeM HANPAKeHHs K CMEIEHHIO, 3aBUCAMEM OT Ibe30dJNeKTPHIECKOIl
KOHCTAHTHL f, a AJA BTOPOH IrPyIOb — OTHOLICHHWEM HANPAKEHUs
K CHJe, 3aBHECAIIAM OT NbE309JEKTPHYECKOH KOHCTAHTH £, YeM M
OIpefleJsfieTCs NPeEMYIIeCTBEHHOE NPAKTUYECKOE 3HAYEHHE HMEHHO
9TEX KOHCTAHT.

Ilns memee ymorpeGmTebHEX mpeobpasoBareneid-IBETaTeNeH TyB-
CTBHTENBHOCTh MOMKET XapAKTeDPH30BAThCA OTHONMICHHEM CMEMEeHHS
K HAaIOpsKeHWIO (TeqeoH, IPOMKOrOBODPHTENb, OCHENIOrpad), sapm-
CAMEM OT IbEe303JEeKTPHIECKOro MOAYIA d.
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Haxonen, eciu HasHadeHme npuGopa COCTOMT B TOM, 4TOGH pas-
BUBATH MEXAHHAYECKHE YCHIUA, TO OTHONIEHHE YCHINA K HAIIPSIKEHHTIO,
KOTOPHIM JJIA BTOTO CJIydYas OIpeesaeTcss TyBCTBATEILHOCT IprGopa,
3aBHCHT OT MbE303JEKTPAIECKOH KOHCTAHTH e.

3. IlIpeoGpa3oBarenn ¢ MarHUTHOH CTOPOHOIL

3.1. daexTpoMarEHATHEIE DpeoGpa3oBaTedsb

Ypo6ree HaYaTh ¢ BIEKTPOMATHETHOTO IIpeobpasoBaTelis, ETpaw-
mero B JalbHeHmeEM BCIOMOTATeNbHYIO poxb (pmc. 2—3—1).

ITo moBoxy aToro mpeoGpasoBaTess WSBECTHO CIEAYIOMEe: MATHUTO-
IBEIKYINAs CHJIA, CO3JaBaeMas TOKOM, HPOTEKAIWEM II0 06MOTKe
U3 1 BATKOB, PaBHA NPOU3BEEHWI0O W3 TOKA HA 9HMCJIO0 BHTKOB

(MBl BhIpayKaeM M. I. C. B PARNUHOHATM3UPOBAHHOHR CHCTEME eNMHMI).
C mpyroi CTOpPOHEL, 3. . C., HABOEMAA B 0OMOTKe OO 3aKOHY HH-
LYKI@H, TPONOPHHOHAJIBHA CKODOCTH HM3MEHEHHS IOTOKA W paBHA

Cootromenge (2. 3. 1) mpegmonaraer MOCTOSHCTBO LOTOKA, a Co-
orHomeHme (2. 3. 2) — OTCYTCTBHE TOKA (PEIKEM XOJOCTOTO XOfa).
O6venmusas (2. 3. 1) u (2. 3. 2) ¥ UpUHAB BO BHEMAHUE BTH yCJIOBHA,
[OJydaeM COOTHOINEHUE

M

U

_75L_0 =1 |M, (2.3.3)
TaK 9T0 K. O. m B PAaCCMATPHBAEMOM CIy9ae ecTh He 9TO MHOe, KaK
9HCI0 BHTKOB. .

Brinpas ¢ = @ B KadecTBe apryMenToB m HoGaBIAA peaxumd,
o6yciIoBIeHHbEe COOCTBEHHEME CONPOTHBICHAAME, MOMEM COCTABUTDH
HCXOOHEIe YPAaBHEHEA 3JEKTPOMATHHTHOTO mpeobpasoBareis

U=2Z4— nb, M=ni%’¢. (2.3.4)

3meckr R, — cobCTBeHHOE COMPOTUBIEHHE MAarEETONPOBOga. OHO
BXOIWT B ypaBHeHHmEe B Buae R,/P, LDOCKOIBKY MH Bhipaskaem M
uepe3 @, a me gepes @, Torna Kax, mO onpeeNeHAI0, MATHATHO® CO-
OPOTHBIEHNE BHIPAKAECTCH OTHOIIEHWEM MATHUTONBIKYIICH CHIIHI
k motoky. OHO paBHO (eCIE mOTOK BHPAKaETCA B MAKCBEJLTAX)

Ry = 1)4mpA,

rae ! — pauEA MarHATONPOBOAA; A — IVIOMANh IONEPeIHOTO Cede-
HOf; { — MATERTHAS NOPOHHIAEMOCTh.
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Bxonmoe anekrpmueckoe conpormeacnme npeobpazoBaTens 1o
dopmyne (X), § 18

Z=2,+ 5.

3pece RN — BHemHee MarHuTHoe compormBiaeHme. CauraeM ero
PaBHEIM HYJIO, T. €. OyleM moiarath, 9TO CONPOTHBIEHHE MarHUTO-
OpoBOJa IOJMHOCTHIO ompefensAerTca BelmduHod R, Toraa

Z = Zy+ pn*R,.
Ho n?/Ry=L,, T. e. AHLYKTUBHOCTE X0JOCTOT0 XONAa, TaK 9TO
L=12y+ pL,.
@

==X

[

o 4K

Ui tl':
[

A\

~ e —

—=R b

Puc. 2—3—1. CxeMa 3JIEKTPOMAr-
HHUTHOrO mnpeoGpasoBaTens

Pnc. 2—3—2. Cxema npeobpasopa-
TeJA ¢ NONBHKHBIM JKenesoM

Teneps yrounserca CMBICH BEJHYUHBL Z,: TO — CyMMa aKTHBHOIO
CONMPOTUBIEHUA W PEAKTHBHOTO COHOPOTHBJIEHWs, 00YCIOBIGHHOTO MH-
OYKTEBHOCTBIO DacCeAHHA, KOPOJe IOBOPA, CyMMa BCeX KOMIOHEHT
COIPOTHBIIEHNA 33 BHYETOM CONPOTHBIEHAA, 00yCIOBIEHAOT0 MBAYK-
THBHOCTBI0 XOJOCTOL0 XOHA.

Pacemorpenanii  mpeoGpasoBaTess — OPOCTO Apocceisb. Ecam
R+40, T0 MH MoKeM TroBOPHTH O HpPeo6pPasoBAHUE 3JIEKTPHIECKOH
SHEPTUM B MATHHTHYIO, I TOTMa npeobpasoBarensb mpefcTaBiser coboi
3JIeKTPOMATHHT.

Teneps moGasuM BTOpoe 3BeHO NPe0Opa3oBaHEsA — W3 MATHATHOR
9HEPIMu B 3JIEKTPHIECKYIO, HAJO)KUM Ha TOT jKe CepAegHHK BTODYIO
o6Mmorry. Ilonyumsinmiica AByKpaTHHA npeobpasoBaTens 6ymer uMerhb
BIIEKTPHYECKMH BXOJl M 9INeKTPHUECKHA Bhxod. O603HaTIAM RHAEKCAMH
1 @ 2 BeIWYEHH, OTHOCAIIHECS COOTBETCTBEHHO K BXOXHOH M BHIXOJ-
HO# cTopoHE. DTHMH jKe MHIEKCAaMP OTMETEM H KodpPMOUeHTH mpe-
o6pasoBaEmA o06OMX 3BeHBEB, POJIb KOTOPEHIX HIpaiT, COTIACHO
(2. 3. 3), coorBercrBernnie amciaa BuTkoB. Toraa mo gopmyne (XVIII)
§ 18 moxeM cpasy HammeaTh 1A BXONHOTO CONPOTHBJIEHHA HAIIEro
npeobpasoBaress

2,=2 M-z
1=Zy+ R, n 01+_1__ (fl)z [
P ZptZ pLy ' \ny/ Zgp+ 2,
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ATO u eCTh HE UTO WIOE, KAK BHIPAKeHMe 1Jisi BXOZHOTO CONPOTH-
Bienus TpaEcpopmaropa. Huasa mpaeampHoro tpascdopmartopa, T. e.
opa R,=0 mna L,=co, noxyaam

2, =2y (/ny)* (Zos + Zy),

THe BTOPOH WIeH IpejcTaBideT NOPHBEJEHHOE K NEPBHYHOM Ijemu
(myrem ymHOKeEMA Ha Kpagpar Kodpdmumenta TpancHopMarmu)
CONPOTUBJIEHAE BTOPWYHOU IIEUH.

3.2. JnexTpomexaHmieckuii npeoGpazoBaTenn
¢ NOIBIGKHBIM jKelesoM !

Haspanpnii mpeoGpasoBaredb COCTOET H3 3JIEKTPOMArHHTA, IO
06MOTKAM KOTOPOTO HPOXOAHT JJIEKTPHIECKHHA TOK, M IKEJIE3HOro
AKOPS, IPATATEBAEMOro K DOJI0CaM 3JIeKTpoMarsmra (pme. 2—3—2),
TaxoBa cxema asurarensa. [efictsme Toro ke mpeobpasoBaTels B Ka-
9ecTBe TeHEPaTOpPa COCTOHT B TOM, 9TO IPH ABUKEHMA AKOPHA MEHAETCH
MOTOK, NPOHWBHBAIOMWN HEMOABHIKHbIE OOMOTKH, BCIEJCTBEE TEro
B HAX HABOZHTCH COOTBETCTBYIOMASA 3. 1. C.

Paccmorpmm aror mpeoGpasoBaTenn cmepBa KaKk MarHATOMEXaHE-
geckuii. B kagecTBe aprymMeHToB BHIGEpEM CMEINEHME U U MATHUTHHIH
morox @. lna BHyTpEHHEH DHEPTUM MOMEM 3aIIACATH

€, ©) = (s2? + RDY, (2.3.5)
rae s, — ympyrocrs; R — MmarHmrHOe compormsienme. Ilociensee

3aBHCAT OT U. JTHM H ONPENEeNsAeTCH MEXaHHW3M mHpeoOpasoBaEms.
Mur mMeem

R =R, + u/4, (2.3.86)

rge R, — compoTuBNeHMe MArHATONPOBOAa; A — MIOM@As NOTICA;
u
T4 —CompoTusnenue sasopa. Takmm obpasowm,

C =5 [sa? + (R + u/A4) 2], 2.3.7)

Haxonmm Mexaaugeckyio cmuy, paddepennupya C no u, @ MaTHATO-
ABIRYMy® cany, Auddeperuupys mo

oC 1 @2 JoC ‘
F=.0_u-:sou+?.71" M:W2%0®+A2u. (.)4.3.8)
Hamnee
OF[0® =M [ou = ®/A =R (®@). (2.3.9)

1 A mommsyice osTEM HasBaHWeM, COXDAHAA TePMHH (BIEKTPOMATHHTHEINY [JIA
1peo6pasoBaTels SMEKTPHUECKOH SHEPIMA B MAaCHETHYI u obpaTHO, KOTO-
DI DaccMOTPeH B IpemwAyImeM Naparpade.
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dynkuma npeobpasosanmsa R (D) pasna mnymio npu O=0. [ei-
CTBHUTEIBHO, NBHM/GHUE AKOPS IPH OTCYTCTBUM MOTOKA HE MOMKET
BhI3BATH HosiBAeHue M. J. ¢. IIpousBogHas CuIml IO HMOTOKY TaKike
paBHa BEyno opa ©=0 B cmny kBagpaTHYHOH 3aBHCEMOCTH CHIB OT
HOTOKA.

Hdna nwWBeapm3alud CHCTeMH HA3HAYMM HAYAJbHOE 3HAYCHHE
norora P=0,.

Torpa nuneapmsoBanHbie ypaBHEHUA MOTYT GhiTh 3al@CaHbl B BHLE

oF = sgu + BS0, oM = Byu + RH0, (2.3.10)

rie B=®/A — MarumTHasg HHIYKUUA B DAaUHOHATM3EPOBAHHOH CH-
cTeMe eIMHAL.
Bxonmas ynopyrocts (¢ MexaHMYeCKoil CTOpOHH) paBHa

B2
$=5,— qoim- (2.3.11)
B paccma’rpnBaeMoﬁ cucTeMe BO3MOKHA Heycroﬁanocn. Hpenen
yCTOﬁ‘IEBOCTH onpenensaerca HEPaBEHCTBOM

B R, < s,

nin
By < Vs Ry (2.3.12)

Temepp paccMoTpuM 31eKTpOMexanudecKmi mpeoGpasoBaTels
C MOJBMKHBIM »Kej1e30M. [lJ1g 9T0ro HaM Hy/KHO NpUOABATL K MArHUTO-
MeXaHMIeCKoMy IpeobpasoBaTesi0 emie 3BeHO IpeobpasoBaHHEA Mar-
HHETHOH 3SHEPTHE B JJIEKTPHUIECKYIO.

IdneKTpoOMexaHHIECKUHE NPeo6pPa3oBaTeNb ¢ MOJBHKHHM FKEIe30M
paccMarpuBaeTcs, €Tano OHTB, Kak [BYKPaTHHH mnpeo6pasoBaTeis.
Bynmem cumTaTh SIeKTPHIECKYI0 CTOPOHY BXOgHOH. MEI mMeeM mis
nepBoro (9JEKTPOMATHHUTHOTO) 3BeHA YpaBHEHHA

U=2Zi—nb, M=ni+20. (2.3.13)

YpaBHEHHEE BTOPOr0 (MACHUTOMEXAHUYECKOT0) 3BEHA MH TOJBKO
aro BEBeaHu. BosbMem numHeapmsoBanuyio dopmy (2. 3. 10), orbpocam
3Hakm O u BBefeM @ Bmecto @ m v=1l BMECTO 1 1A TOrO, 9TOGH mpH-
BECTH ypaBHEHUA K CcXOmHOZ c¢ (2. 3. 13) dopme

=P 4 Bo — Bo g
M_-.p(l)+pv, F_pq)—l—gov. (2.3.14)

TJe 3, — COGCTBEHHOE MEXaHUYECKOe COMpPOTHBIEHHE.

Mar MokeM Temepb COCTABHTh YPABHEHHA B3JIEKTPOMEXAaHHIECKOTO
npeoGpa3oBaTesiA ¢ MOABHKHEIM ;KeJIe30M, BOCIONb30BABMMUCH HOPMY-
namu (1. 39). B nmameum ciygae cobcTBeHHOE COMPOTMBIEHHAE MarHUTO-
OPOBOMa HE MEHSETCA OT N00aBJIeHHA MeXaHHIECKOH JaCTH, IO3TOMY,
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N0NOKAB B yKasaHAKX Qopmynax by;=0, maiinem sHaveHudsn Koadhu-
UEeHTOB

23, = A as = Zy + DLy, B9 = (Agabyp — b1abn1)lay = 3o — DBYR,,
212 = a12b12/022 = "_nBo/gzoa Z2l = a’21b21/a22 - nBO/.%O;

TaK YTO YPABHEHWA NPUHAMAIOT BUL

. B B, . B o o
U= (Z,+pL)i—"g"v, F.--_-%fl-‘-(ao-—pg—g-o)u. (2.3.15)

Mu MoxeM HaNTHM BXOJHOE 3JEKTPHYECKOE CONPOTUBIEHME Iipe-
oGpasoparens. [lo ¢opmyne (XVIIL) ono pasHO

Lo
Z=2Z+pht GoryeBi—p (2.3.16)

Ionroe BpeMs NpPUHATO OHLIO CYMTATH, 9ITO CONPOTUBJIHHE mpe-
oGpasoBaTensa CileAyeT NUcaTh B BUJE

Z=77,

rpe Z,— cobcTBeHHOE CONPOTUBIEHHE, & Z' — conpoTUBNEHMEe peak-
muu (motional impedance). Mu noxyumnu

! Ly
= TR = (2.8.17)

Ecnu 0608HA9ATE [JA CHEYCOMAANBHOTO pe:kuMa (T. e. NPH P = jo)
pot+s=r+jr=r+jlm—sp), Z'=R+jX,

TO NOJNY9UM

R

I— L Ror/B3 X' — L o — Ryz/BE
T T (Rer/BER 4 (Roz /B — w2’  TO(Rgr/BY)2 + (Roz/BE — w)2”

Ilpn pesomaHce MexaHWdeckoff wacTH, T. €. Opu ®=\/s/m, u
B OKDECTHOCTAX B5TOr0 3HAYGHUA KOHEI BeKTopa Z' ONMCHBAeT Ha
KOMIIIEKCHOR ILIOCKOCTE OKDPYIKHOCTh. JTO HaBHO yiKe OKIO IOA-
MEYeHO BKCIepHEMeHTanbHO. HeHHeAIH DOCBAIMAET B3HAYHTEILEYIO
gacth cBoedt Kmmrm [1] mecmemoBammio sTmx KpyroB. M mHe GymeM
BOCIPOM3BORUTH 37eCh NaHHKe HeHHeIIHm W APYTUX HCCIeJOBATeNeH,
IPOTOJIKABIIAX TY K€ METONMIECKYI0 IHHUIO, TAK Kak ropaspgo Goiee
HArAARHEE X QUSHIECKH OCA3aeMHE H B TO JXe BpeMsa Goiee IIPOCTHE
Pe3yaBTATH HONYYATCHA, €CILH MEL OTKAMKEMCA OT IPENCTABIEHHS O IIO-
CIE[OBATEIHHOM BHKIIYEHEHM COGCTBEHHOr0 CONPOTHBIEHHS W COIPO-
TUBJIEHAA pEaKIUH.

Mu moram 6N DONYIATH HYKHEE pe3ynbrar, mOpeobpasys
(2. 3. 16). Opmako mnpome Bocmomb3oBaThea Qopmymoir (XVIII)
ANA BXOTHOTO CONPOTHBICHMA ABYKPATHOro mpeoGpasoBareis, B KO-
TOPYIO HY/KHO HOJCTABHTH

21y =4 Zy, = Ro/P, 23y = 30> m, =n; my = By/D.
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Brbupas majie)kam@e SHAKHA, NMOJIydaeM

1
Z=2Z,+ T 25 —- (2.3.18)
pLy  n2p? 3+
Mub mpencraBuim u3MeHEHHE BXOJHOTO CONPOTHBJIEHHS KAK CJel-
CTBHE TOr'0, YTO IapajjIieJbHO UHAYKTHBHOCTH XOJIOCTOI'O XOJa OKAa3hI-
BaeTCA NOAKJJIY9EeHHRM coupOTaneHne

202
Z”=%%(so+a) (2.3.19)

Puc. 2—3—3. DEBABAICHTHBIE PJIEKTPHIECKHE CXEMbl NpeobpasoBaTens
C IORBH/RHBIM JKEJIEe30M

A TP CHEYCOHAANBHOM DPErKEME
7' = 2;3_- (30 + 3)- (2.3.20)

Takmm o6pasom, MBI MOXeEM paccCMATPUBATH BJIEKTPOMEXaHHTe-
cKEA mpeoGpasoBaTess Kak TpaHcHopMaTop ¢ KodGPHOAEHTOM TPAHC-
dopmaunm nw/B,, HArpyKeHHHH CONDOTHBIEHHEM 3 HA BTOPHIHOM
CTOPOHE.

Ha puc. 2—3—3 w300paskeHn KBEBAJIGATHHE MEXaHHIECKHE CXe-
MBI, COOTBeTCTBYIOImEe BopakenmaMm (2. 3.16) = (2. 3. 18).

Ilepexonss ® paccMOTpeHHI0 OpEMEHEHWH ¥ TeXHHYECKHEX (PopM
3JIeKTPOMEXAHHIECKOTO IPeodpa30BaTeNd ¢ NORBIDKHEIM JKEJIe30M,
HYKHO IPEKJe BCEro 3aMEeTHThH, 9TO BOBCE HE 00A3aTeNbHO CO3IABATh
HAYaJbHYI HHAYKOWIO 33 CY€T IOCTOSHHOH COCTABAAIOMEH TOKA.
HanporuB, COBEpmIEHHO €CTECTBEHHO BOCIONB30BATHCA MJAS 9TOLO
IIOCTOAHHLIM MArHUTOM, KaK 3TO B HNOJLAaBJIAIMEM 60 BMHAHCTBE cay-
9aeB ® NeNaeTcs.

ITpmmenenus npeobpasoBaTels C MOMBUKHLIM JKENE30M B TEXHWMKE
9pe3BHYAAHO MHOTOYHCIEHHN U pa3Hoobpasusl. [Ipexne Bcero mysxHO
OTMETHTD, 9TO K 9TOMY KJIACCy OTHOCATCA TAK HA3pBaeMble HHAYKTOD-
HEIE QJIbTEPHATOPEHI, YCTPOHUCTBO KOTOPHX B OOIAX YepTax CBORETCA
K TOMy, 4TO 3yG9aThil pOTOp, HE HECYMAA HUKAKHEX OOMOTOK, IpH
CBOEM BpPAIMEHAH H3MEHSAeT MAarHATHOE CONDOTHBIEHHME MATHATOLPO-
BOfa, BEI3KBAA COOTBETCTBEHHEE H3MEHEHHsA MATHATHOTO IIOTOKA,
4TO B CBOI OYepejb BRI3HBAET HOABIEHHe HePeMeHHOH 3. . ¢. B 06-
MOTKAaX CTaTOpA.

Ilzpoxo mpmmensoTcs mpeoGpas3oBaTesd AAHHOLO THOA B ciabo-
TouHOM Texmuke. IlomaBasiomee 6GONBIIMHCTBO YPe3BHIYAXHO pA3HO-
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Puc. 2—3—4. KOHCTPYKTUBHbIE
dopmer  npeobpasoBareneil ¢ nog-
BUKHBIM ;KEIe30M

1 — oObIyHEI Tesedon:

a — KenesHasa muagdparma,

6 — II0TIOCHEE HAKOHEYHMKH,

€& — MaTHHTH;

2 — (oHmMIECKOe KOJeCO (Kodeco Jia-
Kypa):

a — 3y6gathi#f poTop,

6 — OJIEKTPOMATHMT,

3 — MallMHAa BRICOKON YacTOTHI:

a — 3y6uaTelf porop,

6 — 3y6uaThlif crarop,

6 — KaTyImKa BO30YXKIeHHsA;

4 — ONHA U3 CHCTEM HU3MEPUTEeNbHBIX
TpuGOpOB ¢ MOABMIKHAEIM Keje-
30M:

a — KaTymka,

6 — POTOp B BHJE }KEJIC3HOI'0 NUCKa,
KOCO HACaXKEeHHOTO Ha OocH,

6 — MAarHuT;

5 — TpPOMKOrOBOpHTeNb «Pexopm»:

a — AKOpB,

6 — TIOJIIOCHBIC HAKOHEYHHKH,

— MAarHNTH,

2 — KaTYmMKM (HA TepPCIEeKTUBHOM
BUIe He INTOKAa3aHHI);

6 — OmHA M3 KOHCTPYKUIMU ¢paii-
mBuHIcpa (0603HAYEHUA TE IKe,
uro n nuA «Pexopmar)

06pasHEIX pele W PasidYHbIX HCIOJHUTENBHHIX MEXaHM3MOB, YIOTpe-
6iseMEIX B aBTOMATHKE, TeleMeXaHHKe, Tejerpadum, TenedoHuum u
OPYTHX OTPACIAX, OPeNCTaBIAIT c000ii mpeofpa3oBaTeln ¢ IONBMIK-
HEIM JKEJIe30M.

B amexTpoMeTpmm yKazaHHBIE IPeo6Gpa3OBaTeNM M3BECTHH B BHfE
TaK HA3HBaeMHX JJIEKTPOMATHUTHHX NpmOOpPOB MEPEMEHHOTO TOKA.
B osroM mpummenesmum npeoGpaszoBaTenb eme HE JIHHEAPU3HPOBAH H
u3MepseT CpefHee KBAIpAaTHIHOE 3HAYEHHE TOKA.

B ssnexTpoakycTHKe I TeXHWKE CBA3H I0YTH HCKIIOIUTENHHO NPU-
MEHAITCA 3JeKTPOMAarHUTHHE TexedOoHbl, n306peTeHHble eme B NPOIl-
JIOM CTOJNETHM W JOIIefmue A0 HALIMX NHeH 0e3 CyIMEecTBEHHBIX H3Me-
HeHHEH. JIeKTPOMATHUTHHIE TPOMKOTOBOPHTENM HOABHIMCH DPAaHBIIE
OPYTEX W TONYYUIH OYEHb IMHPOKOE pAacCIpOCTPAHEHHe, XOTA 3a
IMocJegHue TOIE OHE I09YTH COBEPILIEHHO BEITECHAIOTCSA 3IEKTPOTUHAMH-
9eCKUMU.

IIpuGopH ¢ MDOABHMKHBIM Kele30M HAXONAT HCIONb30BAHUE U
B IPYTHEX 0TpacAsax rexauru. Haapumep, oqun u3 Hauboiee COBepIIEH-
HEHIX pEKOpHepoB Oud (OTOONTHIECKOH B3ammCH 3BYKa TOCTPOEH II0
3TOMY HPHUHEIUNY. BOXBNIMHCTBO pEKOPHEpPOB IS MeXaHHIEeCKOM
3aMUCHA W 3HAYATENBHOE YHCJIO THIOB 3BYKOCHHMATEJEHA OTHOCATCA
K Ipeo6pasoBareinsaM ¢ NOIBIYKHBIM JKel€30M.
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B passBuTHE KOHCTPYKTHBHHX (opM npeobpasoBarenedl ¢ MOABHK-
HEIM JKEJNe30M MOJKHO OTMETHTH TEHNEHOWI0 K pasgesen’io nyTei
DOCTOSHHOTO ¥ IIEPEMEHHOI'0 IOTOKOB. IJTO pasjejeHme OCOGEHHO
cymecTBeHHO B mpubopax, paboTaomux Ha 3BYKOBOHX dacToTe. Bropas
TeHJeHIHs COCTOMT B NPENIOITEHNN TAK Ha3kBaeMo# nudpdepernuain-
HOM CHCTEMHI, B KOTOPOH ociabiasercs BIAHAHME HEJHHEHAHOCTH H
YMEHBIIAETCA yCHIme, NeACTBYIOmEe HA SKOPh B HAYAJIBHOM €ro Io-
TIOKEHHH.

Hyuo Takke OTMETATH HHTEDECHYIO MOARPEKANEI0O OOHIHOH
CHCTEMBI, COCTOSINLYI0 B TOM, 9TO SAKOPDH JBH/KETCSA HE IO HAIpaBie-
HHIO K IIONIOCY, A INApaJJeNbHO ero OOBEPXHOCTH. JTa CHCTEMA,
IONYINBMAsA HA3BAHWE CHCTEMH C HEOTPAHMIEHHOM AMIIATYROA WX
C TOJIOKHUTENBHOM YOPYrOCTHI0O MATHUTHOTO IOA, HAlljla IPHMEHEeHHe
B I'POMKOTOBOpHTENAX Tuna ¢padmsuurep. Ha pme. 2—3—4 usobpa-
KeHb Hanbosee TUOHYHEE KOHCTPYKTUBHBIE opMu npeobpasoBaresnei
C TOABWIKHBIM JKEJIE30M.

3.3. MareATOCTPHKIHOHAKIH Npeodpa3oBaTEIb

MaruurocTpuknuonHni sddexr, BooGme roeops, OpOABIAETCA
B TOM, 9TO MarHHTHEE BO3JAeACTBHA IOPOKAAT H3MEHEHHES MEXaHH-
9eCKOT0 COCTOAHHMA Tena («upamoi» sdderT) m obpatHO — MexaHWIe-
CKEEe BO3[IEACTBHA INOPOKIAIOT W3MEHEHHAA MArHWTHOI'O COCTOSHHA.
dror ob6paTHHE 5PPEKT HABHBAETCA HHOTAA SBJIEHHEM IIbEe30MAarHe-
tu3ma. [IpumMepoM DnpAMOro MarHETOCTPEKIHOHHOTO Bdddexra AB-
nfeTcs yNJUHEHWE Tella, HOMEeMEeHHOro B MaTHUTHOM moJe (Tak Hasu-
Baemui sddext Isxoyns). IIpumepom obparsoro sddexra sasagerca
U3MEHEeHHE MHAYKOUA OPH HPHIOKEHMH MEXAHWIeCKOr0 HAIpsKeHHA
(rak nasmiBaeMu# sddext Bmanapm). MarearocTpEKOEOHEHHE 3¢-
derT Habniomaercs OpM PasiHYEHX BHEAAX AedopManmmit HIM Hamar-
HuI@BaEAA (Tak HaswBaeMmule 3Q¢exTn I'miavemena, Bappera, Bmpue-
Mana, Beprxeiima 7 1p.). O3HAKOMETBCS C PA3HOBHAHOCTHIO MATHHATO-
CTPEKIMOHHKX ABJEHWY Jydme BCEr0 II0 KAKOMY-I1m6o Xopouiemy
0630py ([2—5]). B nanpuefimem Gynem umeTh B BELY JEIb d3PPeKTH
Iswoynsa u Bmnnapm, otnocAmuecs: Kk HAUPSAKeHAAM # AedopMaiEaM
IPONOJBHOIO CA{ATASA M PACTSAIKEHNS B HAPABJICHNHE MATHATHOTO LOJA.

Marnmompnxunonnme ABJEHNA, TAK JKE KaK 1A ubesoanempnqe—
CKMe, JOMKHH B 0o0MmeM Cilydae ONMCHBATHCA TEH30PHBIMU COOTHOLIE-
HUAMH, YIUTHIBAIOIIAMA aHA30TP ONINIO MATrHUTHRIX ¥ YIPYTUX CBOMCTB.
OnHako B TeXHHKE METANIWIECKAEe MOHOKDPUCTAJJIE HE IPAMEHATCH.
TlonurpmeTanImdeckass CTPYKTypa OOHYHBIX METAJJIOB MHO3BOJAET
paccMaTpEBaTh EX KaK M30TPONHEIE Tejla. ITO CHIBHO YIPOIIAeT eJO,
CBOJIA TEH30PHHEE COOTHONIEHWA K CKalApPHBIM.

MarsgTocTpARIAOHHN 2)PerT B DOTAKPACTANIAIECKOM Tele eCTh
addeKT TeTHHH, CTano GHTH CYMEeCTBeHHO HeamHednk#. Onpenenenne
MarEATOCTPHKIMOHHON (KOHCTAHTHY, T. €. Kodddmumenta OpOmOP-
NHOHAJLHOCTH B HAONIO[aeMOA 3aBHCEMOCTH MEKOY MEXaHUIeCKAMHE
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M MarpUTHBLIMH BCJUYIHIAMH, JAeTCA mModToMy B auddepeHnmaTbHOR
popme

—(65/0H), = —(3B/do), =B (o, H). (2.3.21)

3nech H — HaUPAKEHNHOCTb MarHATHOIO 0OJNA (BHpa)keHHas
B DPAaNUOHATM3MPOBAHHHX €JUHUIAX, T. €. B eIMHANAX B 4m pas
Gonbme apcTefa); £ — OTHOCUTeNbHOE YATEHeHHe (medopManus);
B — MargEmTHaA WHAYKIOHA, © —MEXaHHIECKOE HALpPAKEHHE.
Ilepeitnem cpasy K CyMMAapHHIM BeJIHIEHAM

u==Etl, M =HI, F =034, ®=0PA,

rie | — gnamHa, A — OIOMAXh NONEepedHOro CeYeHHA MATHHTOCTPHK-
MHOHHOTO Teja; u — cMmemenme (abcomorHas pmedopmamma); M —
MaramronBmKymas cuwia, @ — MarsaTHHE moTOK; F — cmia.

B 3TEX mepeMeHHBIX BO3MOKHH CIefyIOMue B3aWMHEIE COOTHOLIEe-

HuA:
—(BujoM), = —(3D[3F), =B (F, M),

(0u/6D), = —(0M/3F), = o (F, ®), 2.3.22)
(0F(3), = (0M[u), =1 (2, @),
(0F |0M), = (9D/du), =5 (u, M).

Hamxpgaa crpoxa (2. 3. 22) Moxer OHTH B3ATa 3a OXpeJescHUE
MarEATOCTPHKIMOHHON KOHCTAHTH. BTOpas CIpOKAa COOTBETCTBYET
kiaaccmaeckomy onpenenenmio (2. 3. 21). IlocramoBka omeTa pmas
unabaonerns sddexra [oyust cocTOET B TOM, 4T0 obpaser HmOABep-
raerca AeHCTBHI0 MAarHATHOTO HOJNS IPH IOCTOSHCTBE HANPSIKEHHA
(T. e. mpHm OTCYTCTBUM BHEIIHEX MEXAHHYECKHX peaKnuil), mpm aToM
HabmogaeTcd yJIHHEHHE.

Cmmc B ofgmoit ma cBomx paGor [4] 3amedaer, 4ro Takoe ompeneie-
Hue, BOOJHE YJOBIETBOPHUTENbHOE C TOYKH S3PEHHS CTATHIECKOIo
PeKEMa, MOKET IIOBECTH K HeyNoOCTBaM E Hef0Pa3yMeHUAM IPHMEHH-
TEIBHO K XoJebaTenbHOMY pemxaMy, Korga pnedopMamu® 3aBHCAT
OT YaCTOTHI, T. €. KOIJIa COOTHOWMEHHE MEKAY fedopMaldeil @ BHeITHEH
CHIION BHpa)KaeTcsd yike He 3aKOHOM XyKa, a boilee CIOKHOH 3a-
BucuMocThio. Uexonst wa aroro Cmme npepsiaraer mamepAaTth He pedop-
Malu®, a HAOpSAKeHWS, BO3IEKAINWe B 3afedaHHOM o0pasme. JTu
YCIOBHSA OTBeYal0T deTBepPTOi crpoke (2. 3. 22), Tak 9TO MAarHuUTO-
CTPHKIMOHHAA KOHCTAHTA ompepensercsa Kak o (u, M).

B pa6ore, omy6aukoBanHoit rogom moanuee [5], Cmuc m Berepsope
HOOJB3YIOTCA CXONHHM OIpefeseHEmeM, HO BHPAKalOT MATHATHOE BO3-
JeficTBHe y)ie He depe3 HoJie, a Yepe3 HHAYKIHIO. Y CIOBHA ONEITA
OTBEYAIOT IPH 3TOM Tperheit crpore (2. 3. 22), 1. e. Cmuc m Berrep-
BOpC mOaB3yioTca BeawamHOA 7 (1, D).

dror BHGOpP apryMeHTOB KaK pa3 COOTBETCTBYET HPHHATOM HaMZ
cacreme (cmcreMa (c)). IlosroMy MBI 3anmmeM ypaBHEHHS MAarHHATO-

134



MEXaHHIeCKOT0 MATHUTOCTPHKIMOHHOrO mpeobpasoBaTeis B Ciefylo-
meii paddepermansuoi dopme:

dM = (6M]3®),dD + (3M/du), du,

(2. 3.23)
dF = (0FaD), dD +- (9F3u), du.

JlxneapH3Epysa 9TH YpAaBHEHHS H OPUOACHBAS DEPEMEHHKM CMBICI
MaJIHX OTKJIOHEHEA 0T HAYAJbHHX 3HAYEHHH, HOJYIHAM

M=R2 4 1u, F =10 + sou. (2.3.24)
Bropma BMecTo @ ® U MX DPOM3BOJHEIE IO BPEMEHH, OOJYTIAM OKOH-
9aTeabHO
Ry 1 X pale
=04 -y, =—04 —v. .3.
M p +pv F p —}—pv (2.3.25)
B srux ypasmemmax y=17 (®,, U,) — MarHATOCTPUKUHOHHAA KOH-

cTaHTa, OmpefleleHHaA mo TpeTkei cTpoxe (2.3.22); R, u s¢ — co6-
CTBeHHHE NapaMeTPH MarHWTHOM M MeXaHHYecKOH CTOPOH, a HMEHHO

R, = (0M/0D), (2.3.26)
— Mars@THOE COIPOTHBJEHHE OPHE OTCYTCTBEE Aedopmarimit (T. e. co-
OpOTHBJIEHHE 3aKPemJesHoro obpasna);

Se = (0F|0u), (2.3.27)
— YOpYrocTsh NpPH HEW3MEHHOM MArHHTHOM IOTOKe.

CoGcrBenaNe oapaMeTpel MOT'YT OOpefenAaTbCA A HHa4Ye, 3 AMEHHO!:

Rr=(0M/3D), (2.3.28)

— MAar"HdaTHO€ COIPOTHBJIEHHE ODPH TOCTOSHHOMK chie,

sy = (0Fou),, (2.3.29)

— YOpPYTOCTh NPH HEM3MEHHOHE M. A. C.
YpaBrenns (2. 3. 25) D03BOJMAIT YCTAHOBHTH CJEAYyONEE COOTHOMIE-
HEA MEXAY STAMH BeJWIAHAMHE:

g{.‘ - g{F= .r2/3¢’ So — Sy — ﬁ/g{m
OTKyna
RAR, = su/se =1 — 3R, 50. (2.3.30)

Orcioa cnefyer, 9T0 BCerfa KOMKHO OHITH

12
=<1

U
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Ianee, Bce oCTalbHble TPM MATHUTOCTPEKIMOHHBIE KOHCTAHTH
MOryT ORITH BHIpasKeHs depe3 Kodddummumentn ypaBHeHmA (2. 3. 25)

a:.T/Sq;,
1 1

== (1 — ,

P = =R 7 (1= sofsu) (2.3.31)
3 =1/R,.

Herpynuo monygmrs Taxyke H BCe OCTAJbHBIE 3aBHCHUMOCTH, A0CTa-
TOYHO BHIOHXCATHL HX, HONbL3YyACh Tabmmmeil JIaCTHHIX ITPOM3BONHEIX.

Hac muTepecyeT »5iIeKTPOMEXaHHIECKUA MArHUTOCTPUKIMOHHELX
npeo6pasoBareib, KOTOPHHA HOAYIATCA, €CIH MBI 10OABAM K MAarHUTO-
MeXaH@YeCKOMY B3BeHY B3BEHO JEeKTPOMArHATHOTO HpeobpasoBanms,
ypaBHeHHA KOTOPOTro, BHIBefeHHse Ha crp. 126, mmenoT Bmx

U=2Zj—nb, M=nit+300. 2.3.32)
B 5THX ypaBHEHHAX MACHUTHOE CONPOTHBIEHHE ONpPENeNeHO Kak
M
Ro=7 fem0)
’ina
Ry = (OM[0D), .. (2.3.33)

Comocrasnaa (2. 3. 26) m (2. 3. 33), MBI MO’KeM OIpPENENHTEH MAr-
HOTHOE CONPOTHBJIEHHE C COOIIOJeHmEM O060EX YCIOBHH U=const
m i=const ciepyiomuM o6pasoM:

R = (@M/aD), . (2.3.34)

Torna Beaxmamaa R B ypasuemmax (2. 3. 25) = (2. 3. 32) Gymer
OIHOA W TOH K€, W MHL MOKeM OO0BeIMHETh 9TH YPaBHEHHA IO paHee
BHBEJEHHHM IPAaBHIAM.

B pesyasraTe o0bequHeHAA DONyIaeM YPABHEHUA BJIEKTPOMEXaHM-
9eCKOr0 MaTHETOCTPHKOUHOHHOTO IpeobpasoBaTes

U=2z,i— 2,0, F = z,i + 2,0, (2. 3. 35)

rae koaddunmenTH 2z, BrYACIeHHHEe mo obmmM dopmymam (1. 39),
EMET CJIeNyIOINue 3HAYCHHA:

s 2 s
2y =2+ DL, =2, z22=.1..f_>(1 _gg%);”, (2. 3. 36)

—p =1
2 =2%u=1-
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U . =
Be:inuuna Z"=T L, wm (0U/di), mpemcraBaAeT coGOii aJ1eKTpH-
u

YeCKOe CONpPOTHBIEHNE 3aTOPMO;KEHHOrO NpeodpasoBaTes.
Ileperrmmem (2. 3. 35) ¢ roadppunmentamu (2. 3. 36)
P _ny. S c
U—Z“l—*c‘ﬁv, F—ﬁl—*-;—v. (2.3.37)
910 — OoKoHYaTenbHAs GOpPMa YPABHEHHN MATHHTOCTPHUKIMOHHOTO
npeofpa3oBaTesss, KOTOPOA MBI M MOKEM BOCIIOJNB30BATHCA 1JS Pas-
peurenns mo6oro Bompoca, CBA3aHHOLO € ero paboToi.
MosHo Tak:ke BOCHOAB3OBATHCA ypaBrenusmum (2. 3. 25) =
(2. 3. 32) obGomx 3BeHseB mnpeoGpasoBaTelsi B pPa3JeNbHOM BHje,
OpHMEHSA PEe3yibTATbl TEOPUM MHOTOKpaTHoro mupeobpasoBareid.

Tak, mas BXOMHOrO ODJEKTPHYECKOTO CONPOTMB.IenuA mnpeobpasoBa-
teas no obmeir dopmyae (XVIII) cpasy momyaaem

1
R
pLe  n¥pi(sefp+3)

Z=127y+ (2.3.38)

Ife 3 — BHeIIHee MeXaHWJeCKoe CONPOTHBJICHHE, KOTOPHIM HArpyrieH
npeobpasoBareds.

Brupaxenme (2. 3. 38) maer oCHOBAaHHE IpeJICTABHTH JIEKTPHIE-
CKYI DOKBHBANEHTHYI0 CXEMy B TaKOM BHJe, KaK IOKA3aHO HA
pzc. 2—3—5.

MoKHO TpefcTaBIATH [EJI0 TaK, KaK ecam Obl MeXaHmIeckoe Co-
OpOTHBJIeHHe HAXOLUJIOCH HA BTOPMIHOU CTOPOHE YCIOBHOTO M€Allb-
gHoro TtpasHchopmaropa ¢ KoaddmumenToM Tpamchopmanmm np/j{ =
OPEBOIWIOCH K SJIEKTPHYECKOH CTOPOHE YMHOMKEHHEM Ha KBajpaT
3TOro KodddHIimerTa.

U3 ¢opmynst (2. 3. 38) m sKBEBaNEHTHOA CXeMHl puc. 2—3—5 AB-
CTBYET, 9T0 BXOTHOE BIEKTPHYECKOe COIPOTHBIeHHE TeM Goabme, deMm
fonpme BHemHEe MeXaEAYECKOE CONPOTHBIEHHE. OTO OTHOCHTCH
K aKTHBHOMY BHeIIHEMY COIpOTEBJIeHMI. Ecam e BHelIHee MexaHHm-
9ecKoe COMPOTHBIEEHE COTEPIKHAT Maccy, T. €.

3=17r + pm,

TO BXONHOE B3JIEKTPHIECKOe CONDOTHBIEHHE INPH CHHYCOHANbHOM
pexmme Oyner
joLg
14 12 ) (2. 3.39)
Ro [(sg — w?m) + jur]

Z=12y+

Ipocnexmm usMeHenne Z B 3aBECEMOCTHE 0T dactorsl. [Ipu camux
EO3KEX dacroraXx Z=~Z,. C DOBHIIeHWEM 9YacTOTH CONPOTHBJIEHHE
pacrer 3a cuer MHOKmTENA j©L, Bo BTOpOM wieme (2. 3. 39). 3arem
CONpOTHBIeHMe HAIEHACT IANATh BCHe[ACTBHE YMEHBIIEHUsS WIEHA
Sp— w®m [0 Mepe NpAGIMKEHMA K PE3OHAHCY, KOTOPHH HacTymaeT
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npu ©==\/sg/m- IIpu 9TOM peaKTHBHOE CONPOTHUBIEHUE HMEET MHHHE-
myM (a mpu r=0 nepexogur dYepes HYJIb U MeHSET 3HAK).

Ilpm panbHeiimeM BO3PACTAHWM YaCTOTH CONPOTHBIEHHE CHOBa
npubnmwraercss K 3HadeRmO Z=Z,+joL,.

Koadpdunment monessoro meiictBma mnpeobGpasoBaTels [JA CuHY-
commanbHoro pexkmma BorameamM mo dopmyne (XXIII) rmasm 1, § 18,

29
Pnec. 2—3—5.  OJeRTpHYECKas
2 / 9KBHABAJIEHTHAs CX€Ma MAHATOCTDPHK-
UMOHHOrO NpeoGpasoBaTens

monoxkme: r=R,=Re [Z,] — axTuBHOE CONpPOTHBIEHAE OOMOTKH,
Try=r — HO0JEe3Has Harpysra — AaKTHBHOE MEXaHHYECKOe COIPOTHBJIe-
HEe; Z,=S,/® — ympyroe co6CTBeHHOE CONPOTHBICHHE.

ITonyaaem
1
n= 5 .
Ry R2 (s 2.3.40
t+ T"'m(ri“r ’2) (% 3.40)

KospdummenT monesHOTO AeACTBHA HMeeT MAKCEMyM IpH

Sylo=r.

MaxcumanbHOE 3HAUEHHE PpaBHO

1
Nmax = —m-

142 4

n22  ®

Ecam Baemmsasn Harpyska COJXep;XAT MacCy H HO0Je3HOe aKTHBHOE
coOopoTHBJIEeHHe, T. €.

8=jwm+r’

TO MAKCEMYM K. . H. OYJeT Impu w==\/Sy/m, W COOTBETCTBYIHIee
3HagYeHue K. II. 1.
. 1
Nmax == T 7R, Rejn2ye *

MararTocTpEKIEOEHENE npeobpasoBaTeNlm NPHAMEHAIOTCH B TeX-
HOKe B BHAe 3IeKTPOMEXaHHYECKAX (PHALTPOB BHCOKOH CeTeKTHB-
HOCTH, & TIaBHHIM 00pasoM B KadeCTBE YJABTPA3BYKOBHX IIOJBOINHEX
mepefarTigkoB m npmeMEAKOB. O6parmMocth mpeoGpasoBaTens mos-
BOJAET HCIONH30BATH ONWH M TOT }Ke HPHGOP HOomepeMeHHO TO B Ka-
9eCTBE WBIydaTeds, TO B KaueCTBe NPHEMHEKA YIBTPaSBYKOBHX
KoneGanHmil, K 9eMy 0JeHb YacTo m mpmberaror,
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Puc. 2—-3—6. Mar{MToCTPARUMOHHbIE BHOPATOPI

Ham6onee pacmpocrpamensme KOHCTPYKTHBHEE BADHARTH yABTpa-
3BYKOBHX MarHATOCTPHAKIMOHHEIX BHODATOPOB — MONOCOBOH H KOJb-
1eBOd — u306paKeHRl CXeMaTHIeCKH Ha pHC. 2 —3—6.

ITomocooit BEGpaTop EMeeT PAA HOMKEK, OXBAUEHHBIX OOMOTKaMH.
Homnn nomek ceasaunn nepexnagunamu. IIpa kone6anmax nepexnanu-
HH 0NWKAIOTCA B YHANAIOTCSA 3a CYET CKATHsL B COOTBETCTBEHHO PACTA-
*en:Aa HoKek. B rpyGom mpubamxennn cauranT, 9To KonebaTenbHan
cucreMa o0pa3oBaHa COCPeJOTOYECHHOM I'EGKOCTHIO HOJKEK H COCPENO-
TOYeHHHMU MacCaMd IepeKJafgmuhl. ToUHKIM pacder coGCcTBEHHMX da-
cToT Tpebyer paccMoTpeHEs BEGpaTOpa KaK CHCTEMH ¢ pacIpefieeH-
HEIMZ OOCTOSHHBIME. MarHATOCTPEKIHOEEHE BuGpaTop paboraer npm
OTHOCHTEN bll0 BHCOKUX (yJIBTPAa3BYKOBHIX) 9acTOTaX, a MOITOMY He-
o6xomamo mo3aboTaTecA 06§ ymempmenmm moreps Ha TokE QDyxo.
G aroit measio BEOpaTop cobupaerca u3 OTAEABHHX CEKLH, BHIITAM-
OOBAHHHX W3 TOHKOTO/JHECTOBOrO MeTalilla M H30JEPOBAHHHX APYT
oT Apyra. B kagecrtBe MaTepHaza B HacTOAmEe BpeMsA IPHEMEHAETCA
IOYTH HCRIIOYATEALHO HHEKEJb.

Housnenoit BubpaTop mpencraBaser coGoit cobpaEHOe M3 OTAENB-
HHX CEeKIEH KOJIBIO, JaCTAIHO OXBadeHHOE OOMOTKOH, IPONYIMEHHOH
B cmemmalbHHEe oTBepcTEA. HonebaHmsa KoJbIa cOBeINalTcd B pa-
DHAJLHOM HAImpaBleHAW, TAK YTO HW3NyJaeT ero BHEMHAA GOKoBas
moBepxHOCTs. CobcTBERHAS 9AacTOTa PaHAIBLHRIX KoJNeGaHWM KOabna,
pafmalpHAsA MIEPAHA KOTOPOr0 HEBEJIHKA 00 CPABHEHHIO C PAHEYCOM a,
BHYHCIAAETCA IO PopMmyre

w, = c/a,

rae ¢ =\ E/p — ckopOCTh 3BYKa B MeTallle, ILIOTHOCTH KOTOPOTO p,
a Mouayns IOmra—E.

Has rtoro 4robm Hamme;kammM o0pasoM HampaBATh H3JTyJeHHe,
KoapmeBoit BmGparop cHaO)kaercs OOHYHO pediexTopoM B dopme
YCeUeHHOTO0 KOHYCA.
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4. Tipeobpasosatenu ¢ TEmI0BO CTOPOHOIL

[lepexofs K pAacCMOTPEHHI0 TePMOSMHAMHUIECKAX COOTHOLICHHI,
HY’KHO OTYeTIHMBO OTPAHMIATH 0061acTh IPEMEHAMOCTH o0mel Teopmn
mpeo6pasoBarenelt K npeobpa3oBaHEAM C yIacTHEM HEPIHE B TEILIO-
BOX (opMe.

Hax m3BectHO, Hia o0paTEMHEX IPOIeCCOB HMeeT CHIAY PaBEHCTBO

dQ = TdsS, (2. 4.1)

rre Q — KOMMYECTBO TelJa, LOJydYeEHoe TeldoM; I — abcomoTHas
TemMmeparypa; S — SHTPOIEA Tena.

O6paTEMEIM HA3HBAETCA TAKOH mPoLEecc, KOTOPHIM IPEfCTaBIAALTC
DOCIe0BaTeIbHEM IIEPEeX0[oM dYepe3 psAJ PABHOBECHHX COCTOAHHI.
PaBHOBECHHM COCTOAHHAEM JAHHOTO Tela HYMHO CIATATh TaKkoe, IPH
KOTOpOM TeMIepaTypa BceX gacTell Telxa ofmEaxoBa. Ilpm aToMm Mosxer
CYIecTBOBATh OIPENeNeHHHA mepemajl TeMIepaTyp MexXAy TeloM
B IeIOM O ero OKPYKeHHeM. JTOT mepenaj o6yCIoBHET ABIKeHAe TeIIa
00 3aKOHY TemJIOIPOBOTHOCTH

Q =1, (2.4.2)

rge x — TEIIONPOBOAHOCTH; 6 — DA3HOCTH TeMOEpaTyp Tela M ero
OKPYIKeHHA.

Hecmorps Ha Hammgne Ten1oo0MeHa (KOTOPH MOKeT IPOACXOTHATH
u HeoOpaTmMeM 00pasoM), eclld TelX0 HAXOZUTCH BCe BpeMS B OFHO-
POXHOM TEII0BOM COCTOAHNH, TO dTO COCTOSHHME MOMKET OIHCHIBATHCA
paBeHCTBOM (2. 4. 1), oTHeceHHHIM K Teay (HO He K CHCTEMe, BKIIO-
qajomeit B ceba Kak JaEHOE TEJI0, TAK U eT0 OKPYKeHHe). YCIoBHe
OZHOPOJHOCTH TEOJIOBOT0 COCTOSHHS pPAacIIAPpPOBEIBAETCH KaK YCIO-
BHE MaJoil BeIHIMHH CKOPOCTH TemiIoo6MeHa ¢ OKpYKeHHEeM II0 CPaB-
HEHHIO CO CKOPOCTHI0 BHYTPeHHe#dl TENNOBOE pelaKcagdd PaccMaTpH-
BaeMoro Tela. ITO yciaoBHe MH OyIeM CYATATh BCEIJA BHINOJHEHHHIM;
eciI® moTpedyeTcs, MHl BCErZa MOKeM BHIIEIHTHh JOCTATOIHO MAJHIK
o0peM, [IA KOTOPOTO CKOPOCTh peNaKCAlmdM MOCTATOYHO BElNHKA, U
y49ecTh HEOTHOPONHOCTH TEIII0BOTO COCTOSHAA PACCMaTPABAEMOr0 Tela,
TPAKTYA €r0 Y)Ke KaK CHCTeMYy C pacOpefeleHHHMH (TemIoBHMH)
KOHCTAHTAMH.

Wrak, Ma Gymem mcxofumrs m3 paBeHCTBa (2. 4. 1) m ompenenedns
(2. 4. 2). PasemctBo (2. 4. 1) mpemcraBaseT TEHMIOBYH JHEPTHIO
B $opMe, COBEDIIEHHO AHATOTHYHOH TOH, B KOTOPOH MBI IPHEBHIKIA
OmcaTh BHpPajKeHHA KIA AuPPepeHNHaNoB JHEPrHE B APYTHX ee
dopMax. ITo maeT HaM OCHOBAHHE NPHUIMCHBATH BelmYmHEe I CMEICT
(remnmopBmXymeii) CHIB, a BeamdmEe S — CMBICH (TEIIOBOTO) mepe-
MemeHnas.

Bo m3bexxamdme HemopasyMemHmit Heo0XO[EMO YTOYHHTH CMEHICH,
KOTODHIY mpHJaeTcs IePeMeHHHM TEINIOBOH CTOPOHH B HalpHedmeM
H3JI0KeHAH.
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TeMmmepaTypy HCTOYHEKA HIH BHEIIHErO OKPYKEHHA Teja 0603HA-
aum gepes Ty. Teno coobmaercs ¢ HCTOIEAKOM Jepea3 HOBEPXHOCTHYIO
TemJIOnPOBOLHOCTh x. EcIEm oTHeCTE 9Ty TEMIONPOBOLHOCTH K Tedy,
to T, 6ymeT Take TeMImepaTypoi Tena, ToIEEE TOBOPA, TEMIEPATYPOH
ero BHEIIHEH IOBEPXHOCTH, HENOCPEACTBEHHO NPEMHKAIOMEHR K OKpY-
maromeit cpefie. B aToM caygae co6cTBEHHOE TemIoBoe CONPOTHBIEHAE
GymeT ONpefeNATHCH KaK TEIVIOEMKOCTBIO Tela ¢, TaK B TenIoUmpPOBOJI-
HOCTHI0 x. Ham yno6Hee, 0qHAKO, OTHECTH TENIOOPOBOTHOCTH K BHeMI-
HeMy TeIIOBOMY CONpPOTHBIEHHIO. B TakoM ciydae TemioBoe COCTOA-
aue Tena OygeT OUpeReNATHCA TeMmepaTypoir

T—=T,—0=T,—~0,

a TemIOeMKOCTh Tella COOTHOTOEHHEeM
c=Q,/T,,

rae Q, m T; — npmpamernd Q m I, OTCYATHBaAEMEE 0T MPOA3BOILHO
BHODAHHHX HAYAJBHHX 3HAYCHHA.
Tar xax MBl MCXONHEM M3 DPaBeHCTBA

dS=4dQ|T nmu §;=0Q,/T,,
TO, O0YeBHJHO,
c=T8,/T,
o, KpoMe TOTO,
T,=Q,/ce=TS,lec

Mu BBefileM B HalUW ypaBHEHHS B KadeCcTBe IePeMEHHON mpmpame-
gme T, BEyTpeHHeil TeMmepaTypsl I'; Opu sToM cobGCcTBEHHOE TEIIO0BOE
comporuBieHre GyHeT BHPAKATBCA TOJBKO Uepe3 TEILIOeMKOCTH.

4.1. JInpeitanlii TepMOMeXxaHAYECKHH MpeoOpasoBaTens

PaccMoTpmEM yIpyroe Teio CTep:KHeOODa3HOH (OPMH B KadecTBe
mpeo6pasoBaTess MeXaHHIECKOE SHePTMM B TeIJIOBYID ®W 06paTHO.
JNeveHT BHYTpeHHeH# SHePIWH Tela BBIPA3ATCHA KAk

dC = Fdu + TdS, (2.4.3.)

rqe F — cmma, [eHCTBYIINAA HA TOpell CTeDKHA; U — CMeMeHHe
Topma B HampaBIeHHN JAeHCTBHA CHIH (HpE 3TOM BTOPOH TOpen
cuuTaeTcs ‘HEMOABWKHEM; Boo6me roBOpA, U €cTh OTHOCHTeNbHOE
cMelmeHAE TOPIIOB).

B pamsom nuddepeENHaNbHOM BHpasKeHAW U X S BHOpaHH Kak
apryMeHTH. BHYTpeHHAA SHepPrua BhpakaeTcAd OQyHKNEed sTHX
apryMeHToB

C=C(u, S) 2. 4. 4)
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Mn moxeM BocmompsoBaThCH HEKIME apryméntaMu, hepexoms
K APYruM OJHEpPreTHYECKMM IOTEeHIZajaM, Ha3blBaeMHM B TaHHOM
clyJae TepMOJWHAMHIOCKEMHA HOTEHIHAJNaMH, a WMEHHO: cBoGommas
SHEprua ¢ .

Fl=C—T8=F'(F, S);- (2. 4.5)
TemyoBaA QyHKOEA (TemsIoconepsKaHHE)
W=C— Fu=W (u, T); (2.4.6)

TePMOJAHAMEIECKAA IOTEHIHAJT
D=C—TS—Fu=PD(F,7T), (2.4.7)

U COCTaBHTh ypaBHeHHe Ipeo6pasoBaTeNa B COOTBETCTBYIOIEX ap-
ryMeHTax. 3To, OfHAKO, He ABIsAETCH MM HANIMX Iejell Heo6XOMmMEIM.
TloBemernme mpeoGpasoBaTess MoskeT GHTH ONACAHO JIHHEAHKIME ypas-
HEHAAMH

F=cpu—cy,S, T, = cyu + ¢, 8. (2.4.8)

Onpepennm ¢usmueckmit CMBICT KOHCTAHT ypaBHeHmH (2. 4. 8).
Mu mmeem

c——F
11—

=3s.. (2.4.9)

S ¥

910 ects aguabar@decKas yHPYrocTb CTePHHA.
Hauee,

-1
Coog == —~ .
22 N 1 ju=0

OnpepneneHEeM TEIIOEMKOCTH HDPHE NOCMOAHHOM 007eMe B AHHOM
ciydae OymeT COOTHOINEHHe

V=T s (2. 4.10)
Ho Tar xak MK moiaraem )
TO Sl = % )
_ny _pn _T
1:22._‘5.1 w0 = T Ot s =55 (2.4.11)

Bsenem eme 1Be KOHCTAHTHI L30MepMUECKYH) YUPYLOCTH

-
o=l (2.4.12)
H TeNIIOeMKOCTE NDH NOCMOAHHOM daeaenuu
_ O
A 2. 4.13)

142



npuyeM S ypasHemmi (2.4.8) maxopmm
| _T

S1|F=0 e,

Conocrasnaa (2.4.8), (2.4.11), (2.4.12) u (2.4.14), nonyzaem

1 = c,/cy = s5/sr. (2.4.15)

(2. 4.14)

[na BaxoAeHHA K. 0. HYKHO BOCIOIB30BATHCA ONpEHeNIeHHeM
Kakof-mu60 KOHCTAaHTH, CBASHBAaOmell TeNIOBHe ¥ MEXaHAYeCKHe
apnenns. BufepeM B KavecTBe Takolf KOHCTaHTH KoapdumuenT
TEeIJOBOI'0 pPAacIIMpPeHUsA, ONpelesiAeMHHE OTHOmMEHMeM

—al, (2. 4.16)

z
T

P=0
OTKyAa ¢ noMompio (2.4.15) maxommm
R = ¢y = ¢y = alTs5/c, = alTs1/cy. (2.4.17)

Kpome Toro, m3 (2.4.15) nonywaercs eme cieaymomee H3BecTHOE
COOTHOIMEHHE:
R=c,—cy=a®PTsr (2.4.18a)
nnn

¢, —cv=a*T Ezfp, (2. 4. 18b)

rae Ery— usorepMuveckuit Moayns HOmra; p — naotHocTs MaTepmana
CTOPIKBA; C, B Cy — YANbHEIE TEILIOEMKOCTH.
Ina ksajpaTa K. O. MOJKHO 3aNHECaTh

R=(y—1)s3T/ecv.
TaxuM o6pasoM, ypaBHemua (2.4.8) wmoryr 6mTh sanmEcaHH
¢ BalileHHHME HaME Ko3pdmnmeRTaMm

alTosT alTosT

S, Ty= RS S (2. 4.19)

—Ssu+

Ecnm Mu Temepp mnepeliieM OT apryMeHTOB U B S K HX OPOHS-
BONHHM 00 BpeMeHH, TO Bce KoapdmumenTH ypasHeru#t (2.4.19)
noryvar MHOKETenb 1/p, Tax uto OyneM mMeTs

F=1z,0+ 2,8, T, = 2,0 + 25,5, (2. 4. 20)
rae 2z, = Ss/D; 299 = T'|pcy; 212 = 2y = m = &lT ¢s5/Pc,.

HaﬁneM Tenepk BXOJHOe MeXaHWIECKOe CONpOTHUBJIEHHE npeoﬁpa-
3oBaTeld Nnp:a HpOYl3BOIIBHOﬁ Harpyske z; Ha TenNoBoit CTODOHE

y=—=z ———nﬁ—. (2.4.21)
v u Zyot39y



ConpoTHBIIeHNe Z, HA TEIUIOBOHl CTOPOHE €cTh IO O0IIeMy ompe-
IeJeHNI0
2y =Zy[y = T[S

[Monbsyscs onpepenenmeM (2. 4. 2), monydum

2y ="T,/S = TT,/Qy = T/x. (2. 4. 22)
IlomcraBnaa (2.4.22) u (2.4.20) B (2. 4. 21), nonyuaem
_5s el _s_s[ ___Y_“J__] 2.4,
N (Y Tra vk Ry r ey Ty B RS

Ilo ¢opmyne (2.4.23) MOKHO COCTaBHTB M APYrOe BEIpaKetite
A1 CONPOTHBIEHUA
57 Rs, 4
S—F—l— pcy(1+'ﬂ/pCV). (2. +. 24)
U3 (2. 4. 23) u (2. 4. 24) nerko moNyIATh [{BA IPeMlebHBIX CIyTas.
Mpm 2,=c0, 1. e. mpu x =0

3 ==Ss/D.

910 CcOOTBETCTBYeT anmabaTHIeCKOMY pEKEMY; OTTOK Temiaa H3
TeJa B OKpy:KeHEe OTCyTcTBYyeT. MOJKHO cKasaTh, 4ro agmabarmve-
CKHH peXKEM eCTh DPEe/KHM XOIOCTOT0 XOf4a HA TeILIOBOH CTOPOHe
npeoGpasoBaTend.

Ipyro#t mpenensHH# caydalt — z,=0 mam x=oco. [Ipm sToM pe-
’KEMe, KOTODHH ABIAETCA M30TEPMAIECKAM W MOKeT OHTH HA3BaH pe-
RIMOM KODOTKOIO 3aMEHKAHHMA Ha TEINIOBOH CTOpOHE,

y=s7/D.

[Ipm KOHEYHON TENIOHPOBOJHOCTE MeXaHMIECKOe CONPOTHBICHUE
BHUECAsAeTCA Mo o0mmM gopmynam (2. 4. 23) m (2. 4. 24).

PaccmorpEM cHEycOHRanpBHI pexmMm. IlomosxuB B (2. 4. 24)
P=jw, DOIYyIAM

sy Rs, _s,,< Rs ey ) *rRs,

3'—"]'—@_ %t jwey, | jo + x2 -} w2} 12 4 w2}

CO]IpOT]IBJIeHEe A3 4YHACTO PEAaKTUBHOI'O CTAJ0 KOMIJIEKCHBIM:
OTOABHIOCH AKMUBHOE COHPOTnBﬂeHEe
*Rsy

r= s (2. 4. 25)

T 3 .
%2+ w2}

t"4 Jlerko BHEETh, 9TO 7' CTPEMHTCA K HYMI0 LOPHE %, CTPEMAIMEMCA
KaK K HyI0, Tak ¥ K 0eCKOHEYHOCTH, T. €. IIPH mepexofie B Impemene
K H30TePMHYECKOMYy W agmabaTmdecKoMy pemmMmaM. Bmecre ¢ Tem
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AKTHBHOE COIPOTHBIECHHE MMEET MaKCHMYyM, KOTODHE MOKHO HAMTH,
npogupdepernupoBaB (2. 4. 25) mo x. ITOT MAKCEMYM JEKHT LPH

WT == ] , (2 4 26)
rage 0603HA9EHO
Cyfr =1+, (2.4.27)
I paBeH
T max = 381/21 = RST/2‘06V~ (2 4, 28)

Iocroaunass =<, onpegensieMas cooTHowenweM (2. 4. 27), ecTh
He 9TO EHOE, KaK BpeMs TeIJIOBOIl peraxcauuu cucTeMbl u3 pabogero
TeJa W ero OKPYHeHU:.

Coornowenue (2. 4. 26) moskeT OHTH ellle 3alIUCAHO B BHAE

o T =1)2=, (2. 4.29)

rane T — mepuop xosaebandd.

Wrak, 3sHaueHAEe AKTHBHOTO CONPOTABJIEHHA 3aBHCUT OT COOTHONIE-
HASA MEXIY mepHofoM Kole6aHMA ¥ BpeMEHEM peJaKCallWE M JOCTH-
raeT MakcuMyMa, KOTHa 00e 3TH BeJIMYMHH WMMEIT OIMHAKOBEIA mo-
PAIOK.

Cnenyer mosicHATH (USHYECKAA CMEICH HOJNYYEHHOIO PE3yJabTATa.
Hanupure akKTHBHOTO CONPOTHBIEHHA YKA3BIBAET HA TO, WTO MCTOYHHK
MeXaHIYecKO# sHeprdHd 3a KayKAHHE MePHON COBEPIIaeT HEKOTOPYIO pa-
60Ty, He moJydIaeMyi UM o0paTHO (B IPOTHBHOM CJIyIae CONPOTHBIE-
HEe GEIO0 GB YHCTO pPeaKTMBHEIM). JTa paboTa mpeBpamaeTcsa B TEIIO,
KOoTOpoe HeoGpaTHMEIM 06pa3oM YXORET B OKpy:KeHHe padodero Texa.
Takmm 06pasoM, 9HEPrHus BCe BpeMA BXOTHT B TeJO ¢ MEXaHWIECKOH
CTOPOHH, mpeoOpasyerca B TEINNO M BEIXONHT C TEINIOBOH CTODOHH.
Bcero sToro He mpoucxonut upm x=0, 1. e. npn agmabaTageckom pe-
JKEMe, TaKk KaK TeJI0 OPH STOM TeINOH30JHPOBAHO, M TEHmNO0 M3 HEFo
HapyXy He BHxoxmr. IIp:m sToM MexaHHYecKoe CONPOTHBIIEHHe THACTO
peakTtuBHo. He mpomcxonuT Heo6paTUMEI# OTTOK TeIIa W IPH H30TEp-
MmdgecKoM mpomecce. IIpz 9TOM Temno XOTA W BEIXOAAT M3 Teja, HO 32
CJeNYOMY0 IOJOBAHY NePHOfa BO3BPAMAeTcA 06PaTHO IIOIHOCTHIO.
W B 5TOM cilydae MeXaHHYeCKOe CONPOTHBJIEHHEe WHCTO PEAKTHBHO.

Taxmm 06pa3oM, AJAsA CHCTeMH B IIeNOM, T. €. JJIA Tela BMecTe
¢ ero OKpYeHHeM, O6paTAMHME SBIATCA TONBKO IPefeNbHEe
peRuME — afmabaTHIecKu#t W H30TEPMEIECKHH, KaK M YIHT TepMO-
NEHAMHAKA.

4.2. HemnelHnlli TepMoMexaHMIecKn# npeodpasoBaTesin

[lonp3yAcs HAIIAMA OpHEMaMH I ONpeNeTeHAAMHA, PACCMOTDPHM Te-
meph COOTHOMEHHsA, COCTABAAIOMHME IPeAMET KJIacCEIeCKOH TepMojH-
HaMEKHE WIeaJTbHOTO Trasa.

OTM COOTHOIIEHMA OTIMYATCH OT IPENBAYIZX TeM, 9T0 OHH
genmueiran. IoaToMy ypaBHEHAS NOMKHEI GHITH 3amdcaHH, BooOme

10 A. A. Xapresud, T. 1 145



rosopd, B pupdepernuanbuoid dopme, a pasamumble Kodsddummentsr,
BHIDQKABIIMECS paHEe TEMH HJIM MHHIMH OTHONIEHHAMH, OJHSHE
OBITH 3aMeHEHH COOTBETCTBYIOIIUMY YaCTHHME IIPOW3BONHHIME.

Kax ycrarosieno pume (raasa 1, § 20), aro0sl ompeienars BooaHe
CHCTeMY ¢ ABYMA CTENEHAMA CBOOOMBI, JOCTATOYHO TPEX HE3aBACHMEIX
OIBITOB. ey

Mn nmMeeM KaK pa3 CHCTEMY C ABYMA CTeHeHAMHE cBobomn —
¢ IBYMA CTOPOHAMHM: TEIJOBAA CTOPOHA XapaKTePH3YETCA TeMIepaTy-
po#t T m sETpommeir S, a MexaHWYecKas CTOPOHA — [aBJIEHHEM p
m obremom V. Temmeparypa I — 3pmecs TemmepaTypa €aMoro rasa.

Brifop ompefeasiomux CECTEMY ODEITOB COBEPHIEHHO HPOM3BOJIEH.
M= cpenaeM OWH OIHT YACTO MeXaHWIECKHH, APYToH — TemIoBo# m
TpeTdit — 3aTPATEBAIOIMUAE TePMOMEeXaHWYECKHEe COOTHOIIEHU.

B xadecTBe mepBoro omHTA HalleM W30TepPMHUECKME 00BeMHHIA
MOAYJIbL YIPYTOCTHA rasa, oOOpefendeMbld KaK Ipeles OTHODIEHUA OpH-
PAMEHAA [aBIeHHA K NpApameHuio o0beMa OPH HEWSMEHHOH TeM-
meparype. OmeT paer

@Op[OV)r = —p|V. (2. 4. 30)

ITycts BTOPOME OOBIT COCTOMT B OHpeNeJeHHmH TENIOeMKOCTH WDH
HOCTOAHEHOM 06BeMe)

(8Q/T)y = c¥ (2.74. 31)
WJIA B HAaIMX NEePEeMeHHBIX

(9S)0T); = cv/T. (2.4.32)

Haxorern, TpeTuii ONNT OPOE3BEeM, HarpesBas ras IPHE MOCTOSH-
HOM [aBIeHEH X Habuonas maMeHeHHe 00beMa B 3aBECHMOCTH OT TeM-
meparypH. MH moxydmm

@V/oT), =V|T (2. 4. 33)

(Tax Kak AAA WAEATBHOTO Tasa KodpdmmumenT 00BEMHOrO pacIIApERHs
paBer 1/T).

Ha ocmoBammm (2. 4. 30), (2. 4. 32) = -(2. 4. 33) m mommByACH
Tabnunei# 9YaCTHEHX NPOU3BOXEMWX, RamHO# B Ilpmmosxemmm, MomxHO
moJyIuTh MO0y METEPECYIONIY0 HAC 3aBECHMOCTE.

' " BeiBemeM mpexye BceTO ypaBHEHHE COCTOAHHA. [ 9TOTO Hai-
mem p rak gymxmmo V m 7. Mu moxeM cocrasmrs mmddepernaans-
HOEe BHpaKEHHE

dp=(0p/0V); AV 4- (dp/dT)y dT. (2. 4. 34)
#** Ilpoussognan (9p/0V)r mam ysie M3BeCTHAa B PesynbTaTe MEPBOTO
omura (2. 4. 30). IIponssoguyio (0p/0V)y maM myxEHO BHIPASUTH Y6Pes
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ttaBectANE HAM npoussomumie (2.4.30), (2.4.32) n (2.4.33). Ilons-
3ysAch Tabiumel, HaXonMM

0p/dT)y =—(0V/dT), (3p[dV)r = TA (2.4.35)

Taxmm o6pasom, (2. 4. 34) mpmamMaer BEJ
dp = —pdV|V + pdT|T. (2. 4. 36)

Wnterpupys, monydaem

Inp=InT—InV+C
win
p=RT|V, (2.4.37)

rge R — Hem3BecTHAas NOKAa KOHCTaHTA HHTETPHEPOBAaHHA. Bupae-
gHe (2. 4. 37) ® mpencraBaseT coGoi MCKOMOE ypaBHEHHE COCTOSHHEA.

BBefieM Temepp TemI0eMKOCTH IPHE IOCTOSHHOM [aBJeHHH, OIpe-
HeJdB ee Kak

¢, == (0Q/07), (2.4.38)
HJIH depe3 DYHTPONHIO
(08/0T), = ¢ JT. : (2. 4. 39)

Ham myKHO BHpasmTs TpOW3BORHYI0 B JeBod gactu: (2. 4. 39)
9epes M3BECTHEE M3 TpeX HAIIEX OMBITOB mpomsBojune. O6pamasck
K Tabamme, Haxogum

(95/0T), = (0S/0T)r — (33T} (OPIOV )z, (2. 4. 40)

¢, /T =cy/T + pV|T?
uIu
cp—cv:pV/T. 2.4.41)

Ho »To ects He d9ro mHOE, Kak nocTrosHHasa R m3 ypas-
mesma (2. 4. 37), xoropas TakmM 0o0pasoM oOIpeseNeHA.

Haiinem eme ypaBHemma msoTepMHl m agumabarh. Ilepsoe oueHp
npocro: cumras B (2. 4.37) Temmeparypy IOCTOAHHOH, LOXYIEM
cpasy

2V = const. (2. 4. 42)

Ilna monyweHms ypaBHeHHA aamabaThl HYKHO BHDA3ATb P PyHK-
nmeit V u S, mocae gero momoxuth S=const. CocraBmm nuddeperuu-
albHOE BHpAayKeHHEe

dp = (9p/aV)s AV + (9p/dS)y dS. (2.4.43)
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Yacruas npousBofnas npu dV ecrs He 9TO MHOe, KAk afgumabarmye-
cKkmit o6BeMHBIN Momyiab ympyroctu rasa. Haiimem ero smaderue,
BEIpA3UB depe3 MCXOMHEE HOPOU3BOJHEE

(0p/dV)s=0d (p,S)/0 (V,T)-1)@8/oT)y =
:-—-cp/cV -plV =—1p/V. (2. 4. 44)

Hopcrasms aTo 3Eauenme B (2. 4. 43) um monoxme dS=0 (mia
anmabaTATECKOr0 PesKmMa), MOAYIHM

dp == —pdV|V
U mocje HHTErPHPOBAHHA HCKOMOE ypaBHEHHE a,unaﬁafrm

pV¥=const. (2. 4.45)

AmanormyusM 06pazoM MOTYT OHTH HOJYYeHH U APYTHE TepPMORH-
HAMEYECKHe COOTHONIEHHA.

Bepremcs K pacCMOTPEHHIO TePMOAHHAMEIECKOM CHCTEMEL C HTeals-
HHIM Ia30M B KagecTBe mpeoGpasoBarens. Ecam BHOpATh 32 apryMeHTH
V u S, To oflHO W3 ypaBHeHHH npeobpasoBaTels y HAC yie HMeeTCA:
(2. 4. 43). Bropoe mmeer BHA

dT = (8T/aV)sdV + (3T/3S)r ds. (2. 4. 46)

HaxoguMm npomE3BomHy0 1
(0T [0V)s =—(08/0V )r/(dS [T )y = —p]cy.

ITpomssonnas mpu dS HaM y:xe m3BecTHa. TakmMm oOGpasoM, JuHe-
apu30BaHHHE ypaBHeHHs npeobpasoBaTelsA HJAA MAIBX OTKIOHEEHH
0T HavYaJbHHX 3HaueHmil V=V, w p=p, npuMyT ciaegyomyo dopmy:

___p p R ) Ty
p=—iPV4RS,  T=—RV40s (2.4.47)

I9tm ypaBHeHHWA coBmamaioT ¢ (2. 4. 19), ecrm uepeiiTE oT mamie-
HESA K CHJe W OT E3MeHeHHA 00bpeMa K cMemeHuio no Gopmyaam

F=Ap; u=-—-V/A. (2. 4. 48)

Taxum o0pasoM, Bce cueaHHNE paHee BEBOLH OCTAIOTCA B CHIIe,

u MH He 6yzeM mx mosTopaATh. HyskHO eme mo0aBETH, YTO 3JIeMEHT

MeXaHHIeCcKo# paboTH BHEIIHEI0 WCTOYHHKA B NTAHHOM CJIydae pa-

BeH —pdV, Tak d9ro gupdepeHmEAN BHYTpPEeHHeH oHePTHA 3aUMMIETCH
B BUje

dC = —pdV 4+ TdS. (2. 4. 49)

1 Bce wacTHEE OpOM3BOAHHE TEPMOMHAMEYECKHX Bexmumr p, V, T u S mpyr
o APYry CBeAeHH B TabawYKy, NOMEmEHHYH Ha crp. 212,
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CooTBeTCTBEHHO HJA OCTANBHHX TePMONUHAMHYECKHX MOTEHIHA-
10B Gymem mMmerh (cMm. crp. 142)

Fl=C—TS, (2. 4.50)
W=C+pV, (2. 4.51)
O=C—TS+pV. (2.4.52)

4.3. TepmonmexkTpHiecKknii npeoGpa3oBaTeianb

Xorsa npeo6pasoBaTenb, B KOTOPOM HECIOJb3YeTCA ABIEHHE TE€PMO-
SJEKTPHAIECTBA, He HMMEET INEPOKOT0 H CAMOCTOATENLHOTO IpHEMEHe-
HES B TeXHEKe, OH IPEACTABJsAET NI HAC HHTepeC Kak mpumep oOpa-
TEMOTO B3aEMHOTO Ipeo0pasoBaHUA SIEKTPHIECKOM ¥ TEHI0BOM
9HEPTHH.

ITpsamoit TepMoanexTprEdeckuir sPdekT (aBieHme 3eebexa) COCTOHT
B TOM, 9T0 6iarofgaps HarpeBaHEIO cnas JBYX Pa3HOPOLHHX IPOBOJ-
HOKOB BO3HEKaeT 3. I. ¢. O6paranii apdext (asnemme Ilexsrne) co-
CTOHT B TOM, 4TO CIa# AByX PasHOPOJZHHX IPOBOXHHKOB HATDEBAETCH
[IpH OPOXOKIEHHUH JIEKTPHIECKOTO TOKA. JTO HAarpeBaHEE He CIedyeT
CMeIMBATh ¢ HArpeBaHEEM, LPOH3BOIUMEIM [KOYJIEBEIM TELJIOM.
Pasgmny Jerxo ycmorpers. TepmoanexTpuueckmii sdpdexT ecTs af-
(eKT HedeTHH; IPM W3MEHEHMH HANPABJIEHUA ToOKa sBleEme IlensThe
NPOABIAETCS B OXJAKAEHAM CIIag. AHAJOIHIHEM 00pasoM IpH 0XJa-
JKIeHHM coas (BMeCTO HAarpeBaHHA) TePMO3TEKTPONBIMKYIAA CHIA
MeHseT 3HaK. 004 TepMO3IeKTPAIECKEX SIBIEHAA MOTYT C COBEPIIEHHO
IOCTATOYHBIM NPUONUKEHWEM ONKCHBATHCH JHHEHHHME 3aBECHMO-
cramn. HonmdecTBeHHOE BHIpa;KEHME OMEITHBIX 3aKOHOB 06OMX sBIe-
HHUA TaKOBO:

Q=rg, (2. 4.53)

rae © — KoappummerT Ilenwrhe; Q — KONMIECTBO Temia; g — KOJIH-
9eCTBO 9IEKTPHIECTBA

U =T, (2. 4. 54)

rie U — sleKTpofBWKYymas CHIa; 6 — PasHOCTH TeMHmeparyp obomx
cmaes; I' — aGCconioTHAA TeMIEpaTypa.

Bupamxerna (2. 4. 53) m (2. 4. 54) moryr 6uTh 06DBENEHEHH BO
B3aIMHOE COOTHONIEHEE CIeJylomero BHAa:

KOTOpOe IpeJcTaBisAeT co00i TaKk HasHBaeMoe mepBoe ypaBHEernue ToM-
cora. HyxHo 3aMeTHTh, 9T0 H3MEDeHHE 9. [. C. OPH HabIIO[eHHH
aBIeHES 3eefeKxa IpeNIONAaraeTcs B PA3OMKHYTOH IeN®, T. €. IPH
g=0, a temno IlexpThe m3MepsAETCH KATOPUMETPHIECKHA, T. €. IPAK-
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fudeckn B waorepmmteckoM pemime 0=0. Taxmm obpasom, (2. 4. 55)
HYKHO OHCATh B BHE
v| _s
0 Iq:-o_?.

™
T (2. 4.56)
Muuys cocTaBieHHe KBaJpaTEIHOH (OPMH, HOCTPOEM Cpasy

JmHelHbe ypaBHeHHA OpeobpasoBaTeld B apryMeHTaX BHpAa’KeHHA
(2. 4. 56). Mu mmeem

U=cuq+ cd, S=cyq + cx, (2.4.97)
e
=y =r/T =R.

Ouenr MHATEPECHO OTMETHTH, YTO KBafApaTmiHasd $opMa aprymen-
108 ¢ u O He ecTh BHyTpeHHss dHeprua cmcreMmul. Ilocaenmas Bripa-
’aeTcd KBaPaTHIHOX POpMOH apryMeHTOB ¢ W S H CONEPHKHT OTpEH-
maTeldbHH COGCTBeHHHMA wieH. B 3TOM OTHOIIEHHM TEPMOJJIEKTpHYe-
ckmit mpeo6pasoBaTelb aHAJIOTHHCH dJIeKTpoguHamMuiecKoMy. Horga
MHI IlepeiifieM K 0GRITHEIM apryMeHTaM (1. e. ¢ & S), TO 3HAKM IIPH B3aHM-
HHX 9IeHaX OKakyTca pasane. CoelaeM 3ToT mepexof, MOIB3YACH
mpaBmiaMu o0medl Teopuu: MH NPHHMMAeM 3IIeKTPUUECKYI0 CTOPOHY
3a BXOJHY, Nepexof or aprymesra O x aprymemry S ecrts
mepeMeHa MeCTAaMU Ty U Yy. ITO COOTBETCTBYET HEPEXONY OT CHCTeMH (c)
K cmcreMe (d) (cm. raasy 1, § 17), m Hamm ypaBHEHHAA 3amMIIyTCA
B BHJiE

U=d,;;q+4d,,S, 0 = —d,q + dyS, (2. 4. 58)
tae dyy=A,[Co; By =1/Cys; 1y =1y = C1p/Cp = Cq)/Cps.
Ilepeiinem or ¢ m S K OPOMBBOJHEIM 3THX BeJWYUH IO BPeMeHH

U = z,,i + 2,55, 0 = —zy,0 + 2555, (2. 4.59)
rae
255 = Q[ D-

Onpepenram kos¢$uOoueHETH ypaBHeHm#E (2. 4. 59). Mn mMeem
U
¥ =_i|S-o =Zs,

T. €. coGCTBeHHOE CONPOTHBIEHEE, C IEKTPHYECKOH CTOPOHHE BXOMA-
mee B (2. 4. 59), ecTh BXOZHOE 3JEKTpAYECKOe CONPOTHBIEHHE LPH
agmabatmdeckoM pesxmme. [laxee,

=8 =8 T8 _T
222—‘3 ,‘-O—PS I'-O_'p Q ,‘_0_pc‘° (2.4. 60)

3necn HY/XKHO IIpefocTepedb OT OMHOKZ: MH MOKeM 3ammcaTh
7|
Q i=0

29=T
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#A, €eCTeCTBEHHO, OTOMIECTBJIATH 3TO OTHOIIEHHE C BEJTUIHHOMH, 06paT-
HOH TEeIJIONNPOBOTHOCTH. Ho pedp uaeT o coGCcTBeHHEOM COOPOTHBJICHHUH,
a MH noJaraeM BHYTPEHHIOIO TeIJIOONPOBOTHOCTH 6eckonesno 6o.Tb-
mo#, 9TO0 W JaeT HAM opaB0 OOAb30BaThCA PAaBEHCTBOM

dQ=Tds.

TakuM o6pasoM, coOCTBEHHOE TEIIOBOE CONPOTHBIEHHE OIpefie-
JfgeTCA UMEeHHO TeIVIOEMKOCTBIO IPH OTCYTCTBHE TOKa, 0003HaTeHHOK
B (2. 4. 60) wepes ¢,. IT0 — OOHYHAA TEITOEMKOCTh IPHE IOCTOSHHOM
JaBIeHWH, TAK KaK HWYTO HE NPENsITCTBYeT CBOGOMHOMY TEHIOBOMY
PacIIIpeEWI0 IPOBOXEMKOB. TakmM oGpa3oM, MH MoKeM BaImACATh

zyy=T/pC,e (2. 4.61)
Haxonen,

213 = Q1D = €1/ DCs.
U3 ypasmenmit (2.4.57) nonyvaem

_S| _te| _°
Cﬂ*‘e’lq.r-'r‘ﬂq.o—?‘-
TaxkuM o0pasom,

2y == C13/PCop =T/PC (2. 4.62)

Mu MoeM Temeps nepemucath ypaBHeHue (2.4.99) ¢ ompege-
JIeHEHMH HaM# KoapduuyueHTaMu

U=z5i+;’g;s, ez_%;z+.§%$. (2. 4. 63)

HafineM BXofHO® 9IIEKTPMIECKOE CONDOTHBIEHHEe HpeoOpasoBa-
rend mo obmpeit dopmyre

2

rpe T')z = z,=0/S — BHemHee TemI0BOE CONPOTHB/ERUE, ONpeelise-
MO€ TeNNONpOBOJHOCTHI0 MEXAY CHasMH.

Vpasmermsa (2. 4. 63) comepxar B KagecTBe colcTBeHHOro ajHa-
faTHIECKoe COIPOTHBIEHHE, BEIHIMHA KOTOPOrO, OYEBHJHO, 33BHECHT
OT TepMOBIEKTPHIECKOH peakmud. YRobHee omepEpoBaTh ¢ HB0TEP-
MEIeCKEM COIPOTHBIEHHEM, IPEACTABIANIMEM co60i IPOCTO dIAEKTPH-
9ecKoe CONPOTHBIERWE Lemn Ges mOmMPaBOK HAa Peaknmio, TaK Kak
B H30TePMETYECKOM DeKEMe TepPMOIeKTPOABIKYIMIHe CHIIE, 0JeBHHO,
paBEH Eymo. F30TepMATECKOE CONPOTHBICHTE MOKEO BEPASHTD Tepes
Koo@dumumenTs ypasEermit (2. 4. 57). M mmeem

U - U o
bl — ¢ IR == = i1
7 o= 1 ]

i [6w9 - P
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BocnonpsoBaBmuch COOTHOMIEHUEM

a9
dyy=A4,/Coo == C1; — €T,/Cp»

¥ OOACTABIAA B HEro ymxe Haf[)];eHHHe HaM#A BEJHYUHBI, ITOJYIUM

Zs=1Zy—=*/Tpc,. (2. 4. 85)
IomeraBasas sto B (2. 4. 64), maxommm
2 1

W3 nocnennero BeIpa)keHUs JIerKO BUXeTh, 4T0 Z=2Zg N Z=2,
NPeICTaBIAIT c060i IBa mMpefebHEX 3HAYeHHsA BXOJHOTO CONPOTHB-
neHusa coorTBercTBeHHO mpm x >0 W % —> co.

Warepecro eme 3amerurs, 910 npu x=0ur p — 0, T. e. npn ¢ > oo,
mo6aBounoe compormsienme B dopmyne (2. 4. 66) crpemurcs k Gecko-
negnocTH. Pu3wveckmil CMHICJI 9TOTO Pe3yabTaTa COCTOUT B TOM, YTO
IPU BKITIOYEHNN ICTOTHEKA IOCTOAHHOM 3. [. C. IOTeYeT TOK, KOTOPHIA
Gymer HarpesaTh cmafi. Tak Kak TemIONpPOBOJHOCTE OTCYTCTBYeT,
TO TeMIepaTypa Bce BpeMA PacTeT, a C Heit pacTeT M NPOTHBOIIEKTPO-
OBIKYINASA CHNA, BCJIENCTBHE 9eT0 TOK YOHBAeT, aCUMITOTHYECKH
CTpeMACh K HYyNII0 mo 3aKoHy 1 — e .

PaccMoTpmM oTeNBHO BEIpasKeHUe Aad A06aBOYHOIO COIpOTHMBIe-
HEA, HOJYYAIMerocss NPE KOHEYHOH TEeNJONMPOBONHOCTH B YaCTHOM
cay4ae CHHYCOMTANBHOTO perRmMa

2t
z T T xtjec,”

OrmenuM BemecTBEHHYI0O 9acTh 9TOr0 BHPAKEHHS

(2.4.67)

R,_‘n:2 %
=T 202 °
T %2 4 wlc}

Jdra BenmumHA TpeEACTABIAET CoGoit T06aBOYHOE AKTUBHOE 3JIEK-
TpmIecKoe compormpierme. OHO EMeeT MaKCEMYM IIpH

o =x/c, (2.4.68)
uin
ot=1,
Tae
T=C,fx (2. 4.69)

€CTh BPEMsI TEIIOBO# DPENaKCAIWE CHCTEMEL.
MaxcamanbHEOE MOCTHTaeMOe NIPH STOM 3HAYEHWe N06ABOYHOIO
AKTHBHOI'0 CONPOTHBIEHHS PAaBHO

Ripyy = 172247, (2. 4.70)
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pu » -0 1 » - co R’ crpemmres k myaw. Yro kacaerca Z’,
TO IIPU * —> CO OHO CTPEMHTCA K mymwo, Ho npu x —0 (agmabatmge-
CKEH De:KEM) — K HOCTOSHHOM MHEMOH BeJlMuMHe (IMCTO PeaKTHBHOE
no6aBoYHOE COHOpPOTHBIIEHHE).

Herpynamo Tawse mpocienmrs saBmcmMocTh 106aBOYHOTO COLPO-
THBJEHHAA OT YaCTOTHL.

IIpenmecTynmee manoenwe GHIO yHPOMEHO M CXEMATHBEPO-
BaHO, — TEIIOEMKOCTh OBlJIa DPEJNONOKEHA COCPEJOTOYCHHOH Ha
cmae, ¥ MBI OTBJIEKalMCh OT TePMO3JIEKTpudeckoro agdexra Tomcora.
JTO He TaK CYMECTBEHHO, €C/M IPEHATH BO BHHMAHHE, 9TO DPACCMO-
TPeHAE TePMOBJIEKTPHIECKOro Hpeobpas3oBaTela NpecaefoBajo TIJaB-
HEIM 00pa3oM MeTOJMYeCKHe Lield: KaK CKazaHO B HAauaJje d3TOTO mapa-
rpada, maEHHH DpeobpasoBaTeNb He EMEET B TeXHHKE CaMOCTOATENb-
HOro mpmMeHeHHs. TeM He MeHee MMEHHO C METOAMYECKOH TOYKH
3peHHa mo moBony addexra TomMcoEa monesHo chenaTs OFHO 3aMe-
JaHZe.

dpderr TomcoHa cocTOMT B TOM, Y4TO B OZHOPOAHOM (IO COCTaBY)
OpPOBOJHMKE IPY HAJHYAW B HeM IpajEeHTa TeMIepaTypH HOpPOXOskie-
HEe 3JeKTPHYECKOTO0 TOKA BEI3BIBAET BHEJNEHHE HEKOTODPOTO KOIH-
gecTBa Temila. IPPEKRT HeTeTeH: TEIJIO MOYKET BHIEAATHCA MO0 mor-
IomaTheA (T. €. IPOBOREMK JONOJHHTENbHO HATPEBATHCA WM OXJa-
JKAThCA) B 3aBHCHMOCTH OT B3aMMHOIO HANpPAaBIEHHS TIpajEeHTa
TeMOepaTypH U BJIeKTPHIecKoro Toxa. JdoexT Tomcona Brpaskaercs
CIEeAYIOMMEM ONKTHKM 3aKOHOM:

aT
Q‘_‘ ?Eq’

rae dT/dx — rpagmeHT TeMmepaTyps BAOJAb IPOBOZHEKA; S — KO03G-
¢muument Tomcomra.

IIpremMas Bo BHEMaEme 06pATHUMOCTL TEPMOIIEKTDPHIECKHEX SB-
JeHn#, MOKEO OHLIO OH 0KHEFATh, UYTO ROJIKEH CYMECTBOBATH W 0fpar-
HEH# TOMCOHOBCKOMY 9((EKT, KOTOPHE COCTOMT B BO3HEKHOBEHHHA
9. J. C. BCIEACTBUE HATPEBAHHS NPOBOJHEKA IPY HAIWIME TeMOepa-
TypHOro rpaguenTa. Tako#r apdexr mpenckaskBaicsa DBexemmxcoM,
HO 33aHMMABIIMMECA OSTEM BOIDPOCOM HCCJEA0BaTeIAMM OOGHAPYKeH
He 6bi. C ToukH 3peHHs 00mEero npeJCcTaBIeHNs 0 B3AUMHOCTE MBI CO-
BepPIIEHHO ONPENEJEHHO MOKEM YTBEPIKEAThb, uTo adpdert Bemegmrca
DOJIKEH CYIEeCTBOBATH, W €CJIM OH He ORI 9KCIEePEMEHTAJIbHO 00HADY-
JKeH, TO JIAIIEL IIOTOMY, 9T0 OUBITH OHJIX IOCTABIEHHE HE B COOTBETCTBHR
¢ ompemenermeM aToro apdexra. ViMeHHO B TakoM cMEICIe Bompoc 06
a¢derre Bermenurca paspemaercsa B «Dmsmre meramnony . T'. Nopd-
masa u 1. K. Kuaxomma [6].

4.4, TennoBaa CTOpPOHA B KauecTBe Tperhbel

Bo MEOrmX ciydagx HAC HHTEPECyeT He HEmOCPefCTBEHHO IPeol-
pa3oBaHMe DHEPTEHA TOTO HJIX MHOIO BAJA B TEIJIOBYIO, a y4eT Hmompa-
BOK Ha TeIJIOBOH peskmM mpeoGpasoBarensi. B aThmx caydadx Temio-
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Bas CTOPOHA BHICTYNAeT B KadecTse TpeTbedl CTOPOHBI IpeobpasoBa-
tens. B mpocreHmmx cCiyIaAX MOCTaTOYHO OTPAHUIMTECS O0MuMu
[peAIoT0KEHUAME, CIUTaA, HANPEMEp, 9T0 pabora npeobpasosarens
IPOUCXOMAT B m30TepMEdeckoM pesxmme. Tax 06CTOMT fiel0 Opm KBa-
smeraTHIeCKEX pesxmMax paGorel mpeobpasosarens. Ilpm komeGa-
TeIBHEOM PEKEME ¢ TacTOTOM 3BYKOBOTO, & TeM 6osee yIbTPa3ByKOBOro
I@ANAs0HA LPHHATO CYATATH TEINIOBOH pexEM anmabarTmIecKmM.
Ho 3to MOKeT OHTH ¥ He TaK. Heo0x0oq@aMo MMeTh BO3SMOKHOCTH yCTa-
HOBHTH [EHCTBHETENbHEE YCIOBEA pPabOTH MAHHOLO KOHKPETHOro
yCTPOMACTBA, B3BECHTH BO3MOKHOCTH TOTO WM HHOLO HIPHOIMKeHHms
H OLEHUTH BO3MOKHYIO IPH 3ToM omEbKy. 1A 3TOr0 AAHHEIE AByCTO-
pOHHE, HAOpEMep BJIEKTPOMOXaHWIECKHH, npeobpa3oBaTeNs HYMKHO
PACCMOTPETh yKe B KadecTBe TPEXCTOPOHHETO, BBEJA TPETHIO Temio-
BYIO CTODOHY.

PaccMoTpEM K IpEMePY NBbe309JIeKTPHUECKHi IpeoGpasoBates.
Ero ypaBEeHEA HYKHO 3aODHCaTh Temepb B BHUHE

U= cng+ ¢t + 135,
F=cug+ e+ 558, (2.4.71)
0= c3,9 + caott + €55S.

3aMeTHM, 9TO KOHCTAHTH, KOTODhHE paHee ONpefe]Almch HaMU
KaK OTHOIIEHZE NBYX NePEeMEHHRNX IPU TPeThell, PABHOR HYJIIO, HOJKHH
Temepb OLIPEeNEeJAThCS NPH [ABYX IMEepPeMeHHHX, PaBHHX Hymwo. Hs
ypasHeHmE (2. 4. 71) ME MOoKeM IOJIYYHTH CIENYIOI(EE COGCTBEeHHHE
KOHCTAHTHL:

.
?

¢ —2|
17 g |u=S=0

_ 1
CuS
C“s—a,rmaGamqecnaH eMKOCTh 3a)KaTOr'0 KpHcTanjia,

= qu

—a,maﬁamqecxaa YIOpYrocTs XOJOCTOrO XOHAa,

6

g=u=g @

T

g=u=0 - Cqu !

0
Cgg =-6—,-

Cqu — TEILIOEMKOCTH XONOCTOTO XOAa NPH MOCTOAHEOM 00BeMe (3axka-
THII KpHCTAJLI).

M= MoskeM OIpefeauTh IO 9eTHpe PasIWIBHX 3HAYCHHA MIA KajK-
Joi m3 coOCTBEHHHIX KOHCTAHT. Tak, HaAIpEMep, KPOMe yyKe ompeje-
JeHHOM AEabaTHIeCKOH €MKOCTH XO0JOCTOTO XOfa MOKHO OIpeenadTh
eme CIeAyHIIAe 3HAYCHHS eMKOCTH:

CuO

Z =
U |y=b=0
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— H3orepMmitieckasa eMKOCTH 3aKaToro Kpucrtauia;

Crs

A l —
U |Fa8=0

— ajguabaTHyeckad e€MKOCTH cBOGONHOTO KpUCTanna,

= CuS

4=8=0 -

z
U

— apuadaTHuecKasd €MKOCTH 3a)KaTOr0 KpucTaiiia.
AnanorugnsiM 0GpasoM ONPeNENAOTCA W OCTANbHHE KOHCTAHTH.
OnpenenuM Bsaumune kKO3GPUIUEHTH

F

g=5=0 ¢

=hfg=Ns,  (2.4.72)

C = Cyy =— —
12 21 u

u=S=0

rae fg— aguaGaTuyeckas Nbe30dJ1eKTPUYECKAsA KOHCTAHTA.
Hanee,
[/

aqlquo
u-q_—.e_ u

- g‘zmq, (2. 4. 73)

. _F
Co3=C =5~

S=¢=0 - C,q

rlie aq—'-)}coa@(bmmeﬁr JuHeiiHOI'O pacmupeHUdA NpPU Pa30MKHYTOMH
ey, sq—usoTepMqucxaﬂ ynpyrocrtb X0JoCcTOro Xxopna, Cuq—
TEeIIJIOEBMKOCTE XOJIOCTOr0 XoJa Npw HOCTOAHHOM 06’beme.

Haxogren,

= Ny (2. 4.74)

013 = CSI ==

N

3710 COOTHONEHAE BHPAXKaeT NUPOIIEKTPHIECKAA U 06 paTHHA eMy
3IEKTPOKANOpHIeCKAA sddexT.

Ha ocmoBammm o6mmx GopMyI BHpaykeHHAA PA3IHIHBIX KOHCTAHT
uepe3 KoapdmumenTthr ypaBHeHWA (2. 4. 71) mpencraBnaroTea B Cie-

AyomeM BHAE.

CoGCTBEeHHBE KOHCTAHTH

JIeKTpHIECKAs CTOPOHA

v -1 U 1 M
q |u=s=0 C,g’ g fumb=0~ C,p~ C,g Tleg’
R _ s (2. 4.75)
g |r=s=0" Cpg C,g qu ’
T 2
U m%m‘ (};; 92128—9’2131;%2%)

2 1
—q—|F=8=0—m—E—S T (1 T
’ Cou Cus o mlsu)
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Mexauuyeckasg cTopoHa

s o=|w o=

S

Tennosas croposa

=S
=m0 g8

s
g=0=0 " ¢ T/cqu !

2
, = Sus = S¢s — Cusmms, (2
U=8=0
T
-—MN2
m%aq (cqu g212S 9213z¢g2239)

== 8y

U=8=0 vl

=S8 — - .
(R i P vy
Cu\ 18 Cqu 25

Q| _r
S lg=u=0" cgu
o _r_7 T
S lg=F=0 iy €y Sy
Q _r_r 2 (2.
F‘ U=“=0_0Uu_ cqu Cusmlliw
Q _ T _ T __‘ﬂé“’sq_(sqsmwu — Ny95N30)2
S |v=F=0" cyp  cq 5,8 T 2 )
Sys Cqu S8 92239)
KosddunuenTs npeobpasoBaus
dneKTpoMexaHUYecKUH
U F
U lg=s=0" q lu=s=0 Nas,
U F 9213:1922311 (2
- g=b=0 =7 lumtmo — Nz = Ni2s — *———'—i .
Cou
dneKTpoTEpMIYECKII
U 0
T g=u=0 - _q_ S=u=0 9?131“ 9
U —il — Rrap— Nya — Ny55No3q (2
S g=F=0 q ls=F=0 —_— 13F — 13u —_‘sqs .
TepMomexarmIecKAR
F ]
S umg=0" & |8=g=0 92239’
F 6 9
T s =7 Jsormo = Do — Mgy — CusTasTy,- (2.




C TOYKH 3peHHsA NPUMEHEHHS NObE30dJIEKTPHIECKOro Ipeodpaso-
BaTeld BONPOC OPeOGPA30BAHMA DIEKTPHYECKOM H MEXaHHIECKOH
9HEPIHA B TENJIOBYI0O HIpaeT NONIMHEHHYI0 POJb: OCHOBHHM HA3HA-
9eHEHeM npeobpasoBaTelis ABIAeTCA NpeoOpa3oBaHWe dIEKTPHIECKOH
9HEPTHH B MEXaHHIECKYI0 WA 06paTHO. BaamMomeiAcTBHEE ¢ TEmJI0BOR
CTODOHEK HHTEpEeCcyeT HAC JAIMb B TOH Mepe, B KAKOH pesKUM TeIIOoBOH
CTODPOHH BJIHMAET HA MEXAHHIECKHE, DIEKTPHICCKME H IJIEKTpPOMeXxa-
HEYeCKHe KOHCTAHTH. COCTAaBEM BHPAKEHHSA A 5THX KOHCTAHT
OpH HEKOTOPOM OPOM3BOJBHOM TENIOBOM PEKEME, XapaKTEPHA3YeMOM
3HAYeHHeM BHEIIHeHd TemJIONPOBOTHOCTH x. OTH BHPAJKEHHA TaKKe
OOJYYAl0OTCA H3 OCHOBHHIX ypaBHemmid (2. 4. 71), ecim He momararh
B HEX HE S, HE O paBHHM HYN0, X WMEIOT CHELYIOMUA BUI:

_CL=% och_T_‘ﬁfsu__, (2. 4. 81)
u U= S .
! P )
nz
Sp=| = Sgs— (2. 4. 82)
q=0 g(i -+ pr)
U F Ry N . .
9 27— —0_:‘? ,u=0=9212b~—T—mu—23L' (2 i 83)
~ o+ po)

3nech, Kak I B NpeinAyLAX naparpadax,
= cqu/x

— BpeMdA TEIIOBOHA penaxcaumu. Hax BEgAM, Bo Bcex Tpex gopMmynax
(2. 4. 81) — (2. 4. 83) B 3mamenateme BTOporo dwiesa QErypmpyer
OJHH M| TOT ke MHOKHATENs 1-4P T

1A CHHYCOMFAIBHOTO DEKEMA 9STOT MHOKHATENb IPHHEMAET
Bug 1+jor. Me MoxeM mepeATH K ABYM NpPEIeNbHEIM CIyJasM:
1) x>0, t—> oo (agmabarmaeckumit pexum) maE o> 1. B arom
crygae BTopsie wieds B dopmynax (2. 4. 81) — (2. 4. 83) mpomanaror,
U MH I0JydYaeM afmabaTHgecKue 3HAYGHHA KOHCTAHT. 2) x —>, T—> 0
(a3oTepMmueckuit peskum) win ot << 1. B arom crydae B 3HaMeHaTene
BTOPHX WIEHOB OCTaeTCA TONBKO MHO:KMTeNb I'/c,,, M MEL mONydIaeM
KOHCTAHTHI, COOTBETCTBYIINZEE H30TEPMHIECKOMY pPEREMY (BTOpBIE
cTpokm B dopmynaax (2. 4. 75), (2. 4. 76) u (2. 4. 78)).

Ecan x KOHEYHO H ®©< EMEET HOPAAOK eJEHMIL, TO Mbl HE HMEEM
IpaBa IOJb30BATHCA MpeeNbHEIME (T. €. anmabaTAIeCKAMA MM H30-
TePMHYECKEMH) B3HAYEHAAME KOHCTAHT, & JOKHBl BHIYHCJIATH HX
mo obmmM dopmyiam (2. 4. 81) — (2. 4. 83), yGemmBmmcs mnpepBa-
PHETENbHO ¢ KOHKDETHHIME NEpaMm B pyKax, 9TO HONpPaBKH HE
HACTOJBKO MAJH, YTOOH mMH MO0 6uuio npexebpess. B wacTHEX
caydYaAx [eso Moxuer ympocTuThed. Tak, Hampmmep, y KBapua mmpo-
sIeKTpHYIeCKE a(deKT, ompeneseHHbld BEIe, OTCYTCTBYeT. Jro 3Ha-
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qur, a0 Iy,=0; H03TOMY HB0TepMUUeCKHe W agmabaTmIecKme BHa-
wemms  Kodpduimenta  DIEKTPOMCXaHMmIECKOro  npeobpasoBamma
(a cTamo GHTH, M Mbe30BJIEKTPHIECKOT0 MOAYAA) U EMKOCTH (a cTalo
GHTB, U [WAIEKTPUIECKOH IPOHMIAeMocTH) coBmajgalT (cM. dop-
myau (2. 4. 81) m (2. 4. 83)). Iloaromy fnA KBapma aTH KOHCTAHTH
ompenensorca 6es xakmx On TO HE OHIO NONPAaBOK HA TEIIOBOH
pexxum. Uro xacaercs ympyroct: (a cTaio GHTB, W MORYIA yUOpYro-
cTH), TO ero 3HaYeHHE 3aBUCHT OT DEKHMA TEIIOBOHA CTOPOHH (Tak
KaK Ngg=~0) I HOMKHO MOJXCIATHBATECA IO COXPAHAIOMEHE B NaH-
HOM cxydae cmry dopmyne (2. 4. 82). Bupowem, pasnimdne agmabarn-
9eCKON I M30TEPMMIECKOH YIPYTOCTA KBAapIla BechbMa HE3HAYHTENHHO.
B saxmiodueHme HYKHO 3aMETHTh, UTO BXOHAA €MKOCTH KBapIe-
BOTO KPHCTANIA B HB0TEPMEIECKOM M anmabaTHIeCKOM DeKmMax
pasnmana. [Toxsaysace obmeii dopmymoit (rnasa 1, § 12) nas Bxoxsoro
COIPOTEBIEHHA TPEXCTOPOHHEro IpeoGpasoBarens (B TOE Gopmyre
HY)KHO 33MEHHTb Z,, Ha C, ¥ m, Ha IN,), MOKeM MNOIYIUTH KA
cnydag MN;;=0 u upym BHemHed MexaHWYeCKOH HArpysKe compo-
TUBNGHUEM 3
Lt ™ Lt Ry
z;—cus qu-l-_'p& ’ CO——CuS Cqu 2 :
s,5 TPy — T Ny

B aTtoM cayuae
Co > Cs.

5. IlpeoGpasoBaTenu ¢ pacupeneleHHbBIMH MOCTOAHHRIMA

Ilo cmx WOp MK OrpaHMYABANMCEH HCCIeOBaHMEM IIpeobpasoBa-
TeJeil ¢ COCPeIOTOICHHEIME OCTOSHHEIMEA. JTO 3HAYUT, 9TO PABIUIHEE
mepeMeHHHE, BXONAMHWE B ypaBHEHHA mnpeobpasoBarejeidf, HpepIo-
Jaralmch QYHKOUAME BpeMeHn (M omeparopa P), HO He PYHKOEAME
xoopaurar. CoorBercTBylomue nuddepeHNAaIbHEEe YPABHEHMA fAB-
JAATCA YPABHEHWAME B IOJHHX OPOHM3BOAHHIX (IO BpPEMEHH), HX
PeIIeHrs B OUEPanEOHHO# (jopme HIpencTaBIAOTCA DANMOHAIBHEIME
dyaRIEAME P.

Bea mpemmecTByomas ‘TeOpHA MO3BOJSAET PacCMAaTPHUBATH KoJe-
farebHBIE PEKEMEL mpeo0pa3oBarTeNsa, a TaKKe W MOOKe ycTaHAaBIX-
BamEecs OPOMECCH, eClId TOJBKO HaAle:KamuM o6pasoM HHTepIpe-
THPOBaTh LOJYJIeHHHE pesyabTaTil. B gacTHOCTH, [IA YCTAaHOBHB-
MIAXCA CHHEYCOMNANLHHX KOJeOaHmd Bce HEOOXOOUMHE pe3yIbTaTH
DOJYYal0TCA B DPe3ydbTaTe 3aMeHH P HA jo B obmmx ¢opmMylax.

Bce pamee moxyduemsnie OpMYIH BHBEJEHH B OPEeNIOJOKEHHM,
9T0 MK HMEeM Jiell0 C JACKPETHHME CHJIAMH, UepPeMeIeHMAME, Pas-
HOCTAMYM HOTEHIHWANOB, 3apAAaME ¥ T. O. Mexay TeM GOJHIIAHCTBO
ABIEHMA ONMCHBAETCA 3aBACEMOCTAME MEKIy [AaBIeHEAME, Hedop-
MaOuAMA, DONAMHA B T. U., IPHIEM 5TH BeJWIMHE ABIATCA QYHK-
OEAME KOODAUHAT, M, CIEL0BATEIbHO, yPABHEHAA, CBA3HBAIOMHE HX,
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ABNAIOTCA ypaBHEHUAMH Mecmubimu. llpenebperasg 3aBECHMOCTBIO
OT KOOPAHHAT, MHl M COBEpIIaeM Iepexo) OT CHCTEMH ¢ paclpefieed-
HBIMH IOCTOAHHEIMA K CHCTEME C COCPENOTOYEHHLIMM IOCTOSHHBIMH.
Ilocnepnsas, cramo OwiTh, ABAsieTcA He 6ojee, Kak IPUGIEKEHHEIM
OpefCcTaBICHHEM NeHCTBUTETbHOH CHCTEMBI C pPaCHpeNeSeHHKMH II0-
CTOAHHERIME. Bonpoc cocTorT umsb B TOM, 3aKOHHO 17 HOA06HOTO pofa
OpEGAMmKeEEe B JAHHOM KOHKpeTHOM caydae. O6mero orBera Ha
9TOT BONIPOC HENb3A JaTh; 3aMeHAs JeHCTBATENbLHYI CHCTEMY MO-
ReIBI0 C COCPENOTOYeHEHMH IOCTOAEHEME, MBIl TOMKHB YMeTh GopMy-
JIEDPOBATh KPHTEPHH A ONEHKE OPHEFONHOCTH IOJy9aeMOro mpEbIm-
JKEHHA B KOXKIOM OTAeJbHOM caydae. MHorma a priori oaeBmpgmo, dro
CHCTEMa TOJIKHA PacCMATPUBATECH KAK CHCTEMA ¢ pacHpemeeHHHIME
TOCTOAHHEIMH.

Tax obcromT meno, HampuMep, OPHE KOJdeGaHEAX CTPYH, CTEpIKHEH,
IIACTHHOK, JJeKTPHYECKAX JHHHEA IpH dacTOTaX, MOCTHIAIOMAX
OopAnKA COGCTBEHHBIX YACTOT CHCTEMH, HIH, HHade COBOPA, HpH
ATHHAX BOJH IOPANKA PasMEpPOB CHCTEMH B HANDAaBIEeHHH PacIpo-
CTpaHeHHA BO3MYIIEHHA, WIH, HAKOHEIN, TOBOPSA Ha ABHKE BPEMEHHHX
3aBHCHAMOCTEH, — IPH BOSMYIIEHAAX, AJIHTEIBHOCTh ! KOTOPHX CpaB-
HEMa ¢ BpeMeHeM HX mpofera mo cmcreme. Takme ofmme cooTHOMIE-
HAA HAaC u OyQyT HATEPECOBATh.

Mu me GyneM, ofHaKo, HCCAENOBATh Caydail, KOLa CACTEMA ¢ pac-
npefeleHHEMA DOCTOAHHEME OPHHANIEKAT ONHOM HS CTOPOH Ipeol-
pasoBareJif, HaANpUMep, KOTJa MeXaHUYeCKas 9acTh NpPeNCTaBIACTCA
B BHAe CTDYHBI, CTEP/KHA, IUIACTHEKE H T. 0. RIH 3JEKTPH-
9eCKas 9acTh OPeCTaBIAeTcA B_BAAe MEHEEH. fIBIeHEHS B Takoro poga
9ECTO MEX3HWYECKHX KM THCTO 3JIeKTPUIECKHX CHCTEMax HdaBHO
¥ XODOIIO H3yYeHH, ¥ HaM BOBCe HET HYKAH LIOBTOPATH 3[ECh BCEM
m3BecTHHIe Bemu. Pedup mueT o ApyroM: o TOM Ciydae, KOrja caMm
MeXaHH3M IpeoOpasOBaHAS pacHpefeNeH IO HEKOTOPOd JHMHHH, OO-
BePXHOCTH HIH 00BEMY.

Crporo rosops, nexo Beerfga 06CTOAT UMEHHO TAK, HO B IpeL{yMeM
MH OPOH3BOTANE CYMMEPOBAHHE L0 TEM MM WHHM IeOMETPHIECKEM
9JIEMEHTaM, DOAPa3yMeBas, 4TO IePEMEHHEIE He 3aBACAT OT KOOPAHHAT
amemenTa. Tak, HanpmMep, 3axoH Bmo-CaBapa ciegoBano GH OmCaTh
B naddepeEnAanbH0d GopMe W BHIYHCAATH HOJHYI0 CHIY IyTeM HH-
TEerpEPOBaHHMA 10 AiuMHe NpOBOAHEKA. Ho TOK He H3MEHAGTCA O AJIHHe
OpPOBOSHHUKA; 9TO K€ KaCaeTCA MATHATHOM MHIYKOWA ¥ HAaUPaBJIEHHES
€e BEeKTOpa 0 OTHOIIEHHI) K BEKTOPY JIEMEHTa TOKA, TO MH C JOCTa-
TOYHHM OCHOBAHHMEM CYMTATH H 5TH BeJWIMHE HEH3MEHHRIMH IIO
BCeH [JWEE IPOBONHEKA.

Pacemorperme mpeoOpasoBaresneif IpH HOMOIIM HHTETPHEDOBAHHSA
MECTHHX ypaBHEeHH# mMeeT 0co0oe BHaUeHHe B OPEMEHEHHN K ObE30-
SIEKTPHYeCKEM M MAaTHETOCTPHKOUMOHHHEIM mpeoOpasoBarendsaM. [lemxo
B TOM, 4TO 3TH IpeoGpasoBaTelHm JacTO HCIOJB3YIOTCH NIA PaboTH
HAa yJIBTPasBYKOBOH m pgake pajgmodacrore. Ilpm sToM mpeoGpa-

1 MlogpasyMeBaeTcs NIMTEALHOCTH MOHOTOHHOTO H3MEHEHHSA.
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3oBaTesu paBoTar0T HA COOCTBEHHEIX YACTOTAX, OUPENEIAEMBIX Boj-
HOBBIMHE COOTHOUIEHMAMY, KAK CHCTEMEl C PAaCUPENeNeHHEIMI TOCTOH-
HBIMH.

Hyxuo eme no6aButh, 9T0 BOSMYyMEHHUsA, IEPEHOCANIZEE 3HEDPIHI0
PA3IXYHHX BHFOB, PACOPOCTPAHAIOTCA C BECHMA DPA3NIHIHEEIMHE CKO-
POCTAMH.

OIeKTPOMAarHENTHEIE BO3MYIIEHAA PACIPOCTPAHAIOTCHA CO CKOPOCTHI0
CBeTa, MeXaHWIECKHe BOBMYIEHHUA — CO CKOPOCTHIO 3BYKa, TEILIOBEe
BO3MYIMEHMA PAcIPOCTPAHAIOTCSA He IO BOJHOBOMY 3aKOHY, HO CKo-
POCTH ABH:KEHHS TENJa, IOCKOIBKY 0 Helt BOOOIIe MOKHO I'OBODUT,
3HAYUTENbHO MeHBIIe CKopocTH 3ByKa. IlosToMy, paccmarpmBas mam-
HBI npeofpasoBaTelb, MEl MOMKEM 3a9acTy CUHTATh, 9TO BO3My-
IEEHsA, NePeHOCAIUe OJHEPTHI0 OfIHOTO BHMAA, PaCHPOCTPAHANTCA
¢ KOHEeYHOH, a Ipyroro Bufa — ¢ 6ECKOHETHOM CKOPOCTHIO, 9T0 CHIBHO
yopomaer fexo. Vigade roBops, [if OGHEX BO3MYIIEHHI npeo6paso-
BaTEJNb MOMKET PaccMaTPUBATHCA KaK CHCTEMa C paclpefeleHHEME
OOCTOAHHBIME, a AJA APYTHX — KAK CHCTEMa C COCPeOTOYCHHHIME
nocrosEEbMu. Hmxe Gyner paccMoTper mbe30adeKTPHICCKUH mpeol-
pasoBaTe}b; YUMTHIBag NDPM ITOM Halmdme MeXaHHIECKHX BOIH,
OyneM monararb, 9T0 3IEKTPUYECKEE BO3MYMEHHS PACOpPOCTPAHSIIOTCH
¢ TaKoli 6oJBIIOHE CKOPOCTHIO (IO CPABHEHHI0 CO CKOPOCTHIO 3BYKa),
IPHE KOTOPOHR ¢ TOUKHW 3PEHHA dIAKTPUISCKUX SBIEHUH CHCTEMA BeJeT
cebsa cratmdeckr. B TOM ke mpeamonoKeHEE HEMEe PACCMOTPEH I Mar-
BUTOCTPHKIMOHEKA Npeo6pasoBaTelh; CKOPOCTb PACIPOCTPAHEHAS
MArHUTHHX BO3MYIIEHUH CYMTaeTCA BechbMa GOJIBLION 1O CpaBHEHHIO
CO CKOPOCTBIO 3BYKA.

5.1, Hcxonubie ypaBHEHHA Nbe303IEKTPHIECKOr0 IPeoGpasoBaTels
¢ HeONHOPONHOH medopMarmei

CocraBmM ypaBEeEMA mnpeoGpasoBatens B (opMe Npu3MAaTHde-
CKOTO CTep;KHA NIAMHOA [ ¥ IJIOMAagbi0 MONEPEYHOTr0 ceyeHmA A,
BHIPE3aHHOTO U3 IIbe309JEKTPHIECKOT0 Kpucramia. Ilpeamomorxmm
CHadala, 9TO HAOPABJIEHHe JAEKTPUICCKEX M MeXaEmIecKHmX medop-
Manmit CoBmAfiaeT (KAK 3TO WMeEeT MecTo, HANpEMEp, AJA KBApIa).
Mur mmenn caexyomue MecTHEE (T. €. OTHECEHHHE K 3JIeMeHTY 00peMa)
ypaBrenzsa (2. 2. 5):

s=-j-ED*+fs, o=1D"+ Est. (2.5.1)

Y Hac OpUHATH 0603HAYEHHS
§ = du/dx; 9 = 0¢/0x.

Pacmomoxum oce X wu mawano KOOpAWHAT, KAX LOOKA3aHO Ha
puc. 2—5—1. Bypmem moxarats, uro UHIYKIASA HeM3MeHHA II0 BCel
IIEHe CTep:KHA. JTO 03HAYaeT, 4TO CBOGOIHEIE 3apANN B o0BEMe
KpmcTamia orcyTcrBylT. OHE ® He MOTYT IOSABHTBCS, TAK KAk 00-
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KIaZKH HMMETCH UL HA Topuax. [lpmmmmas a10 BO BuEMaHEE,
OPOMHTErPAPYEM HEepBYIO CTPOKY 1o x B npefenax ot 0 go [. Ao jraer

?@—M®=U=éDW4wm—u@L (2.5.2)

Ho u ())—u (0)=u ects me uro mHoe, kax momHas medopmanms
CTepIKHA, T. €. OTHOCHTEJIbHOe NOEePEeMENIEHHe ero TOPHOB. JTO —
Ta CaMas BeJWYEHA, KOTOpag QHTYpEpyeT B KadecTBe IIePeMeHHOH
B ypaBmeHmAX (2. 2. 47). Takmm 06pasoM, yMHO/Kas @ Head mepBEIi
aaen (2. 5.2) ma A, monydgaem

U=éq+m. (2.5.3)

P u c. 2—5—1.IIbe308n0eKTPHYE-
CKMii CTepKeHb

Bropywo crpory (2.5.1) ymuowum sa A4 u nonomum z = I. Toraa
cA|,_, Oyaer npeacTaBaATh coGoll cuny, HeHCTBYION[Y Ha cedeHHe [,
i

F=fq+ AEpu = fq+ s lu' (). 2.5.4)

s Toro uro6m BBecrm Hamy nepemenryo u=u (I)—u (0),
YMHOKHMM H pasfieJlmM Ha Hee BTOpo# wien (2. 5.

F=fg+s0% 00, (2.5.5)

u

Ypapeerus (2. 5.3) m (2. 5. 5) m ABAAOTCA HCXOTHHEMHE YpPaB-
HEeHHAMHZ paccMaTpuBaemoro npeobpasoBatens. Ml MomeMm Taxice
HepenmcaTh WX, B3AB 33 NEPEMEHHOE, BMECTO 3apsja H CMelleHHmA,
TOK H CKOPOCTb

ot . % () .
U_pcuz-i—pv, F—pL-l-p v (2.5.6)

31eCh U — OTHOCHTENBHAS CKOPOCTH TODPLOB.

CpaBrmBas ypaBmeama (2. 5. 6) ¢ DoNyYeHHHEMH padee ypas-
HeHEAME (2. 2. 26), MH 3aMedaeM, 9T0 3TH JBe Naphl yPABHEHMI pas-
THYAITCA TONBKO KOQOHUEEHTOM Z,,, T. €. COOCTBEHHMIM MeXaHH-
9eCKHM CONPOTHBJIEHHEM. B cratmaeckoM ciydae

S
7'22:5':80?

11 A. A. Xapxesmd, T. 1 161



B PacCMaTpPUBAEMOM JKe CJydae

' (1)

299 = sq/p _u—— .

Muosmurens " (I)/u=¢ (p) xapakrepusdyer maMmeHeHue CoGCTRexH-
HOTO MEXaHHIEeCKOr0 CONPOTWBIEHWA BCIEJCTBHE HEOHOPOTHOCTH
medopmanmii. 3axon pacnpefeneHus JieGopMaIwil H0 HINHE HE BIUSeT
HA Ko3(ppmumenT mnpeobpazoBanusi, pasBUBaeMasd MeKAY KOHIAME
CTEPIKHA PA3HOCTH MOTEHIMAJNOB 3aBUCHT TOJNBKO OT X OTHOCHUTENDL-
HOTO TePeMEeIeHuUs.

JNEeKTPUIECKAA MHAYKUMSA HE 3aBUCHT OT KOOPJUHATHL, CTANO0 GbITH,
H COOGCTBEHHOE 9JEKTPUIECKOE COOPOTUBJIEHHE OCTAETCH HEU3MEHHBIM,
Taxmm obpasom, saxoH fedopManum ONpefesAeT NUUIL COO6CTBeln-
HOe MeXaHWJIeCKoe compormBienme. s BXOJHOTO MEXaHHYECKOro
CONPOTHBIEHUA (B CedeHHHm [, T. €. TaM, Ijle HIPHJIO/KEHA CHIa) Ml
MO’KeM 3ammcaTh, IOJIB3YSACH I1€OZHOKPATHO NPUMEHSABLIeHcA obumel
dopmymoi

. m o Sq o fp?
3=0 Tt =p f P T e 7

U QHAJOTMYHO [OJNA BXOJHOIO JJIEKTPUYECKOI'O0 COIPOTHBIEHUA

1 12/ p2
=
pC, s

%cp(p) =+ 82

Muoskutens ¢ (p) 3aBHCHT OT MATEPHAJBHHIX M FeOMETPHYCCKAX
KOHCTAHT CTeP:KHA H OT omeparopa P. Msl MokeM mpupaTh 3ToMy
MHOMKHTENI0 OIpPelel]eHHOe 3HadeHne TOJNBKO B TOM clAydae, €cJIH HaM
M3BECTHA 3aBMCUMOCTH CMEIeHWA OT KOOPJAHHATHL M BPEMEHH HIH OT
KOOPAMHATH W omepaTopa P.

Mer cauraeM, 9T0 BHEINHHE HIEKTPUIECKHE W MEXAHHUCCKHE BO3-
medcTBEA cocpefoTodeHEl Ha Topuax. [losTomMy BosMymenma Moryt
nepenaBaThCa OT OGHOIO TOpLA K APyromy B (popMe BOJH MeXaHH-
9ecKnX # 9neKTpoMarHmTHHIX. Crano GbITH, MCKOMAA 3aBHCHMOCTH
mepeMemeHdsA OT KOODPOUHATH W BpeMeHM OymeT He 4eM HHBIM, Kak
BOJIHOBHIM ypaBHEHHEM, KOTOPOe HAM W HANJIEKAT TeIepb COCTABHTh
¥ DPeIuTh.

5.2 BonnoBoe ypaBHenue (cayuaii 90D/dx =0; ksapi)

BrienuM aeMeHT CTEPIKHA ¢ MIOMANBI0 ¥ AJUHON, DABHHIME
e[UHAIEe, U PACCMOTPUM IeHCTBYOINME HA HETO CHIH (puc. 2—5—2).
Ha nnomanmky cieBa pedicTByer cmma —o, Ha INIOMAAKy COpaBa —
OPOTEBOWIOKHO HAaNpaBleHHAA cmiaa o-+dodzr/dz. Pesynprupyoman
cuna paBHA cymMme —o+o+(do/0z)dx=(do/dx)dz. ITa cmra mpousBo-

162



AT YCKOpDEHHE 3JIeMEeHTa, B pesyJjibTaTe 9e€ro BO3HHKAET paBHadAg, HO
IIPOTHBOLJIOKHO HaNpaBIeHHAA CHJIA AHEPU NN

02u 02u

PasrocTs ofemx cEI paBHA HYJIO:
p0%u/0t2 — 95z = 0. (2.9.7)

Jlnst 06s9HOrO yOpyToro Texa Msl cpasy BBen: 06l o =FE t=FEdu/dx
U noMydm1u 6u BOJHOBOE ypaBHeHme. B ciaydae mpe3031eKTPAIECKOrO

Puce¢. 2—5—2. K BbIBOAY BO.IHO-
BOFO yDaBHCHU A

Tesla MBI JO/YKHH IPHHATH BO BHEUMAHHE 3aBHCEMOCTH HANDSKEHHS
OT MHIYRI[MHA: Bropas cTpoka (2. 5. 1) gaeT HAM HY;KHYI 3aBHCHAMOCTD

o =1D + Et. (2.5.8)

Ho Taxk Kak WHAYKIAA He B3aBHCHT OT KOODAMHATHL, T. €. 0D/0x=
=0, 10
0s/0x = E po*u/ox?. (2.9.9)

ITopgcraBasa ato B (2. 5. 7), momyd4aeM BOJHOBOE YDaBHEHHE
0%u/0t? — c20% /02?2 =0, (2.5.10)

rge CKOPOCTh PACHpPOCTPAHEHHsA YOPYroi BOJHH (CKOPOCTH BBYKA)
c=VEpp. (2.5.11)

WTak, BOJIHOBOE ypaBHEHHE [JA [bE30IJTEKTPAUECKOTO Tela He
OTJNYAeTCA OT BOJHOBOTO YPABHEHHS JJs OOWYHOLO yOPYTOTO TeJa.
Bripaskenme [ CKOPOCTHE 3BYKA TaKKe COXPaHAET O0BIIHYI0 dopMy.
HyX80 TONBKO 3aMETHTH, 9T0 CKOPOCTh 3BYKA ONPeMleAeTCA MOXYIeM
IOura mpu orcyrerBuM wEHRYKOUH Ep, a He MoAyneM MpH OTCYTCTBEH
nona E,.

Ham ocraerca mpmsectm ypaBmenme (2. 5. 10) x onepammoHHOH
dopme. Uro6s yOpoCTETH pemeHde, MH BOCHONB3YeMCA NBYMA ome-
paropaMm — BPEMEHHHIM ) I IPOCTPAHCTBEHHHIM 7°, ONpefielaeMbIMH
caenyomume upeobpasosardamz Jlammaca:

ﬁ(P)_m —pt . ﬂr_)__m o
» —oge Pu(t)dt; - —§e u () de.
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Mer 6ymeM mejaTh 3T# NpeolpasoBaHUA IOCJIENOBATEIBHO IO CJe-
Jlyomeit cxeme:
u(z, t)<i(z, p) <a(r, p). (2.5.12)

1o usBecTHBIM (i)opmynam OLEPAIUONHOr0 MCUUCICHHA IIOJIyTaem

BOJIHOBOE ypaBHEHUEe B CJe/yIOCM BHAJE:
o d2%

o —Pr=—p?u(z, 0) — pi(z, 0),

(¢%? — p?) & = —p2u(z, 0) — pu(z, 0) 41222 (0, p) + rca (0, p).

U3 mociepnedl CTpoKuM mONydYaeM pemIeHHe

1 (0, p) + ' (0, p) — Bu(a, 00— Lz, 0)
g(r, p)= 7 - (2.5.13)

7‘2—-22-

Pemenme BOJHOBOTO ypaBHeHUs B 3ToH ¢dopMe UpesBLITaiiHo
yI00HO U YHEBEpCalIbHO, TAK KaK OHO BKJIOFaeT B cels KAk Hagalb-
usnie yciosud, T. e. u(z, 0), u(z, 0), rak w rpasudHEe yciaoBus,
1. e. 2(0, p), @' (0, p).

Msur GygeM mosaraTh HadaJbHEE YCIOBHS HYJIEBbIMA NPH HCCIETO0-
BAHAN HECTAMOHAPHEIX pe;xmMoB. [Ipu mccieqoBaHmu sKe cranmonap-
HEIX Pe}KMMOB peIleHue BCe PABHO BHIPAyKaeTCHA JaCTHHIM WHTETDPAoM,
T. e. cobcTBeHHOE KoslebaHme, OmpeaeaeMoe HAYaIbHEIMA YCIOBUAMME,
BOOGmE B HErO He BXOAAT. PerieHne 3anuuieTcsa Npu HYJIEBLIX HATalb-
HEIX YCIOBHAX B COKDAMEHHOM BHIE

ﬁ (r, p) _— 720 (O» p) + 7"“22/ (Oa p) . (2' 5 14)

9 _—
”—"7

Temeps mepeiiieM K aprymenTam z, p, MOJIb3YACh U3BECTHBIME
dopMynaMu ONEPAUOHHOTO MCUUCACHUA

i, p)=8(0, p)ch L2 + p-f-zz' 0, p)shBz.  (2.5.15)

Orcroma cpasy mONyImM BHPAXKEHHS BENHIMH, KOTODHE HAM
HOBEAafoGATCA B MaNbHeHAMEM (YePTOIKY HaJ U W aPTYMEHT P MEI OyC-
KaeM):

u (z) = u(O)shp?x—l-u’ (O)Gh!;-x,

P
w(l)=Lu©Osh Lt w' (0)ch £,
(2.5.16)
u(l)=u(0)ch 2 +piu'(0) sh2,
u=u(l)—u(0)=u(0)<ch%l——1)-{—%11/ (0)sh 21,
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W, nakoHel, Mhl MO;KeM BLIOMCATH BHIpA/KEHHE [JIs MHOIKHATENH,
BXOIAMEro B BHpa)keHHe AAsi COGCTBEHHOTO MeXaHHIeCKOTO COHmpo-
rusneausa (cm. ¢opmyxay (2. 5. 6) mpexsmmymero maparpada)

r P )4

, 21 (0) sh = I 4 lu’ (0) ch ~— 1
q’(p)____lu.u(l)_':__ c c cp ) (2‘5'17)
u(O)(chl—i)-}- u (0)sh—~1

5.3 CoOcrBesHbie KoaebaHnA KPHCTAMAHYCCKOrO CTEPHKHA

Ha ocioBanmu npeguigyu(ero Mol MOJKeM Vy:ke HCCJIEeJOoBaTh dHa-
CTOTY M 3aTyXaHme COGCTBeHHBIX KojeGauuit crepimas. Mol Boibpannm
HadajbHEE YCIOBHA HYJEBbLIMH, OJHAKO ITO He IOMEIIaeT Ham, TaK
Kak cuia MMIOYJIbBCHOTO Xapakrepa, Bo30yaJalomas cOOCTBeHHLIE
Kosebanmsi, MOKeT ORTH BBeJeHAa B TIpaHHIHHEe YycioBEA. DBymem
paccMaTpEBAaTh TOJNBKO CHMMETDPUYHBIE OTHOCATEIBHO CEPEXHMHH
cTep:kHA KoJebanusA. B aroM ciydae cpegHee cedeHme oCTAeTCS BCETHA
HENOABHKHEIM.

OGosmagmm depes ! noaydauHny crep:KHA ® BhIGepeM HA9al0 KOOp-
JEHAT B cpefiHeM cedenud. IIpm Takom pacmomtoskeHmH

1 (0)=0, u(Z):%u’(O)sh%l,

lu" (1 .
W ()=wO)ch 2l op)=2 =P ap 2y (25 1)

Bygem mckath aBmwkenme cedenus I, 1. e. dyurmmio v=u’ (I).
IIpennonosuM, aro npu t=0 K 9TOMY CEYeHHIO OPHUIAaraeTcA eJEHII-
HEI# EMIIyabe 0ECKOHEIHO MaJod miaurenbHocTH. Takoro xapakrepa
cmaa MoskeT ORITH IpejcTaBleHa clegylommM o6pasom:

F(t)=0,(t) <D-
3necs o (f) — paspuBHaA (QYHKOEA HEPBOTO HOPAAKA.

CKOpOCTH Ce9eHHA | MOMHO OPeICTaBHTh KaK IaCTHOE OT JeJeHHsA
CHIH Ha BXofHOe compormBienue. [lo obmmM dopmymaam

. F
= —-
8U+Z0+Zo
B namem cayuae
- =L =2 =2, 2cth?
F—p» ZO—pCu’ 80_1)?(19) p ICt’h l
=1
m=_,
TaK 9TO .
. P .
n(l)=- : ) (2.5.19)
f2
-pi-%lcth%l+5—2 oC, T2



970 ecTh HOJHOE ONePAaNMOHHOE BHPAKeHWe CKOPOCTH CBOGOLHOrO
KOILIMA CTeP/KHA OPH BO3OY)KIeHHH HMIyJIbCcumBHOX cmioit. Hax ms-
BECTHO 13 OCHOB ONEpPAlMOHHOI'0 WCYHCIEHUA, mepexol K OYHKImam
BPEMEHU OT ONEePAIHOHHBIX BRIDAKEHWH TUIa

=Y(p)/H(p)

OCyLIECTBIsAETCA Ipome Bcero mo gopmyrne Xesucaima
Y(0) | N Y (p) e ) ePk
1) = s
) =17w) 2 2l (B3)

rie p,—k KopHe#t xapakTepmcTHIecKoro ypasHenusa H (p)=0.

Benmamast p, moryr GeTh KOMIUIEKCHEIMHE. B aTom o6meM ciyuae
MHUMBIE MX JaCTH IPEACTABIAIOT COOCTBEHHbHE YACTOTH, & BEm[eCTBEH-
Hble — ITOKA3aTeNIM 3aTYXAHMA COOTBETCTBYIOLIMX COGCTBEHHBIX KOJle-
Gamuii. TakmM oGpasoM, HAM MOCTATOYHNO MPUPABHATH HYJIK 3HAME-
natens (2. 5. 19) u pewnrs moNyIeHHOE ypABIIEHHE, KOTOPOE MEI 3a-
uMImeM B BHME

th 2k S /1 .
= _ﬁ(@ + D). (2. 5. 20)

c
ITpaBas 9acTs cymecTBeHHO OTPHIATENbHA, OYIeM NOITOMY HCKATH
pemeHme B BHIE
Bep=jy.

Torga (2. 5. 20) mpmeBommrca ® ciefyiomeMmy Buay (Tak Kak
(thjp=—j tg ¢):

tgy__

g(y ( -+ ,«PZz)—MO +J ltpCZ) (2.5.21)

Haumem ¢ paccmorpenms wacTHOro caydas, xorma Z,=omo, T. €.
KOTa Iemb OOKJIANOK pasoMRHyTa OGosmagum nas asToro ciaydas
¢=1¢,. Ypasmenme (2.9.21) ympomaerca

tg ¢y = o,
OTKYZAa [AJA HepBoit Co6CTBeHHOH YaCTOTHI
by = 12°- (2.5.22)
u
p1=j1-2:—;=jm, §2‘5.23)
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HanomummM, 9to 2] ecTh noHAag AamHA cTep:RkHA. VTak, MH HAmLI®
qacTory CBOGOAHBIX KojebaHm# opH PABOMKHYTOM 5JEKTPHIECKOR
nenu. UmcTo MHEMoe 3HAYEHHWE P, NOKA3BIBAET, 4TO KOJeOaHEA He
3aTYXalT, TAK KAK DHEPTUA B JJIEKTPUIECKOH ¢opMe OT CHCTEMH
He oT6EpaeTca, a MeXaHHIECKUE NOTEPU B KPUCTAJIIe He YIETHBAITCH.

BosbMeM Teneph Apyroil mpepmesnbHsbli caydait: Z,=0, T. e. KOpoT-
Koe saMmbpiKaHme OOKIagoxk. B arom cayzae

tg b/b =s,/f*C, = 1]}2 (2. 5. 24)

JTO TpPAHCLEHJEHTHOEe YPaBHEHHME pellaeTcs, Kak oOH9IHO, myTeMm
HHTCPNOJANUA MO TabAHI[aM.

Mut MoskeM, oj{HAKO, HAUTH NMpubIM;KEHHOE pelleHme, IpPeJmosa-
rasg, 9T0 H3MeHeHHme COOCTBEHIOHM JacTOTH, BCJIeNCTBHE BIHAHUA
BJIEKTPAIECKO# cTOpoHbI, HeBeamko. [IpemcraBum apryment ¢ B BHAe

b=¢y+o=r/2+¢, (2. 5. 25)

rae ¢ —Manuit yron. Torma BMecro (2.95.24) noanyunm (Tar kak
tg (v/2 4 ¢) = —ctg ¢)
(]2 4 @) tg o = —A2. (2.5.26)
Pasnaras neByio 9acTb B CTeNEHHOR PAf ¥ OTPAHAIEBAACH TOJIBKO
IePBHIM 9JEHOM DAa3JOKeHHS, HONyImM

?z—%)\z,

TaK 49TO
=g 2= (1= ) =n(1— 43

.mC 4 . 4 35 .
plg]%-l-(l—ﬂ—212>=]w0(\1——;:—2-)\2)=]wk. (2.5.27)

Taxmm o6pasoM, cobcTBeHHad 9acTOTAa W, IPHE KOPOTKOM 3aMBIKA-
HUM 3JEKTPHIECKOH CTOPOHHI MEHBbIIE, 9eM COOCTBEHHASA 9YaCTOTA W
npu xomnocrom xope. Haxowen, mccaemyeM cOOTHOWIEHAS NPU KOHET-
HOM CONpPOTHBIEHHWH Ienu oOKIamok. B arom Gonee obmem ciyuae,
OOJNB3YACH IIO-IIPEesKHEMY NOACTaHOBKOX (2. 5. 25), moayymm m3
(2. 5. 21)

12
¢ /T
14165 (5 +9) 2

(%+?)tg?=— 2.5. 28)
WIKX B HEPBOM TPHOIMKEHUH

2
= 1

¢ T jaC,Z,°
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Tak 4910

4
b= ron |1 w M
=T T¢7 T+ jC,2Z
Tt (2.5.29)
7 M

__ ¢ ~ 1
Pr=jg¢=ie\l — 1507 /-

Ecam Z, — peaxrusnoe (T. €. E€MKOCTHOe HIM HHIYKTHBHOE)
COOPOTHBJEHAE, TO BhHIpajkeHHme B CKOGKaX BEI[ECTBEHHO W COIPOTHB-
JleHWe OKA3HIBAET BIMAHME TOIBKO Ha JacToTy. B wactHoCTH, HEAYKTHE-
HOe CONpPOTHBIEHHE PEe3KO H3MEHsET COGCTBEHHYI0 TACTOTY, TAK KAk
OpE 3TOM

14 joC,Zy,=1—w?LC,.

UccnegoBarh cayvail MHAYKTHBHOM HATPY3KM NPH IIOMOLIY Ha-
mux opubamKeRHnx Gopmysn Heanssa. Ho obmasa dopmyna (2. 5. 21)
HDOKAa3BIBAET, UTO IPH IIEOTPAHMYCHHOM YBEIHYCHAM BHEUIHETO WHH-
AYKTABHOTO CONPOTHBIEHMA COGCTBEHHAA YACTOTA CTPEMUTCH K HYJIO,
OpHA 3TOM MJIS Hee NOJIyIaeTcs clefylolnee NpubiuKeHHOE BhIpaske-

HHe:
0% |10 2 (1 — A% @},

rae w;zi/\/m—peaouaucﬁaﬂ 9acTOTa BIEKTPUYECKON Iemu, co-
mepskamell, KpoMe BHEIIHEH AHAYKTEBHOCTA L, COGCTBEHHYIO €MKOCTD
kpacranna C,. HamGonpmmil mHTEpEC OpeACTAaBiASeT CAaydal, KOrxa
nbe3ompeobpasoBaTess HATPYKEH HA IIEKTPHICCKOHR CTOPOHE BHEIN-
HOM aKTHBEEM comporusienmeM Z,=R. Ilo dopmyme (2. 5. 29)

=3e ' S
~, ' 1 ——L— —— .u_) 1 _—‘-—-—E——— —
Py 22 1% T—jaC,R )~ 1% T+ wlR2CZ
4
SNa3RC,
T ItegrCz 0T
31ecs
24,
2
(D’A\.'f(l)o 1——1—*——(0@_5;2‘—‘ =(.!)0—8(1)

~—cobcrennaa wacrora. [oGaBka dw paBra nynio npu R= oo n
4
2 —_—
paBHa ©)—)* mpg R=0 B COOTBETCTBUME ¢ pe3yIbTaTaMH, MOTYYeH-

HEIMY BHIIE JIA 9aCTHHX CNydaeB Z,= o u Z,=0.
Ho6aBka 30 Bo3pacTaeT MOHOTOHHO mo Mepe yMmesbmenust R.
Benmamra

4
1'.‘:_2 )\2(.0%.30,,
C=Trarc
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OpejcTaBiser co0oi mokasaTedb 3aTYXaHHA COOCTBEHHHX KoxebaHmi,
06yciOBNeEHOr0 NOTpebieHmeM SHEPTEM B JIEKTPAYECKOM Ienm.
[TokasaTens 3aTyXaHAA UMeeT MakcuMym opa o t=1. 3gecs <=RC,—
OOCTOAHHAA BpeMmeHu (BpeMs pelakcaldd) 3SJeKTPHIECKOH Ienwm.
IIpg R=0 m R=oo paBunM o6pasom o ofpaigaercsa B HYJb.

3amerum B 3aKJI0YEHHE, UTO CMBICA BBEIEHHOI0 HAMH UpHGIH-
JKEHHA COCTOMT B IPEANOJNO/KEHHHN, 9TO HAJIMYME ObE303JIEKTPHIECKOM
peaxknuyu He BIMAET HA paclpefesleHWe HAUpsyKenud m Jgedopmammii.
Torpa monyvaemurit 3pdeKT BHIIMCAAETCH HPOCTHM YCPEIHEHHEM OO
CHHYCOM/IANILHOMY pAaCOpeNieieHuI0, B Pe3yJibTaTe Yero M HOABIAETCH
MHOKATeNb 2/7 upu A

5.4. TIbezoancKTpEdeckuit CTepKeHD
B KadecTBe TPeXCTOPOHHEro mnpeo0pa3oBaTeiis

[lepexomsa K HCCIENOBABHMIO BHIHYIKIEHHHX pPEKHAMOB Obe30-
aneKTpudecKoro IpeobpaszoBarend, GymeM paccMaTPEBATH €TO0 B Ka-
9ecTBE TPEXCTOPOHHEr0 IpPeoGpasoBaTesis, 4TO €CTeCTBEHHO BHITEKAET
u3 coocoba ero HCIONb30BAHMSA, & TAKIKE JIETKO IPABOJAT HAC K BIOJHE
YIIABEPCAJIBHEIM COOTHOMEGHUSM.

HefcTBETENbHO, CTEDIKEHb, KOTOPHE MHI [0 CHX HOpP HCCIERO-
Basiu, oDOIafaeT KAK CHCTeMa C pAaCHpeNeJeHHHMH MOCTOSHHHME
GeCKOHEIHHIM IHCIOM cTenene# cBobons. [iia Hac, ofHAKO, TOBENEHTE
CTEPIKHA BIOJHE OLpENeNseTcs PEKEMOM [BYX €r0 KOHIOB H DJEKT-
PATECKOA CTOPOHH. Bce ocTanbHHE CTemEHH CBOGONH ME MOMKeM
OTHECTM K BHYTPEHHNM X B JajbHeflleM HME He HHTEPECOBATHCA
(cM. § 1 rmammr 1).

Taxum oOpasom, paccMaTpuBaeMulit OpeobpasoBaTesh EMEET TPH
CTOPOHEI: [Bé MeXaHHYeCKHE, COOTBETCTBYIINWE [BYM KOHIAM
CTEDIKHA, H DJIEKTPHIECKYIO.

Ecnm 0603HAYATH BeJI@IAHE Ha KOHI® C KOOpPAHMHATOH [ WHIEK-
coMm 1, a BeIMIMHH Ha KOHIE ¢ KoopnuHaToi 0 —mHIEKCOM 2, TO ypaB-
HenmA mpeobpasoBaTess MOTYyT OHTEH 3aOMCAaHH B BHAE

Fy=2z2y0,+ 210, + 2,4,
Fy= 2510, + 2005 -+ 254l (2.5.30)
U= 250, + 2505 + 234i.

ITonp3yach BuiBefeEHHME B § 5.3 COOTHOIIEHWMAME ¥ OpPaBHIOM
3HAKOB, HAXOMWM 3HaYeHHA K0d3)PmmomeHTOB
Aw
2y = 29 = Awcth 2.1, =2y =———, (2.5.31)
Gth

213 = 2y, = 233 == Zg, = [P, z3=1/pC,,

rie Aw=A pc — BOJIOBOE CONDOTHBICHHE.
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Vpasuerzsa (2. 5. 30) mosBoXAIOT HaiiT M00YH0 W3 BeIWIHH Opm
mo6oM pemMe Kaykgoi m3 Tpex CTOPOH.

BrngmeM, B 9aCTHOCTH, HOIB3YACh OPMYyIaMa (1. 43) m (2. 5. 31),
BH@KEHHA AJs BXOTHOTO MEXaHMIeCKOTo COLpOTHBICHHA npeobpa-
30BATEJA-TEHEPATOPA W JJIA BXORHOIO HIEKTPHIECKOTO CONPOTHBIE-
HOA TpeoGpasoBaTeNA-KBAraTeNq

2 Aw A2 f2 ,]
oy - 7'+ 5k
p2_ P P P
p sth [sh2 P l 9.5 39
31=chth-c—l—|— . 72 ’ ( Y. )
Z'h“'ﬁi
A
2————(n+ 5
gt _p e (2.5.33
=, @ _Aw_, 2 99)
) — %152
Shz—-c—l

Ilns gyscTBETENBHOCTH IpeoGpasoBaTeld B KadecTBe IeHeparopa
7 B KadecTBe nBmrarens moxydaem (cM. § 13 ruasmr 1)

2 P f_Aw P
F(ch7l—1)+z ( P g2 ch l)

1t B! (2.5.34)
vey  iFy D l—(i—a—zsh-g'l) '
P Aw c
1 _Aw e L, P N_ (8 ﬁ)
) (1—A2w2 sh?--1)— 5 (1—Awsh L
PR S .
vis. U~ p f B _p_‘) :
?<1—Aw5h z l
(2. 5. 35)

B astEx dopMmyrax 0003HATEHO [JIA COKpaMEHUS
1 ’ 1
p=AwethZ iy, p=AwothZl43, Z'=_p-+2. (2.5.3)

Dopmymsr (2. 5. 32)—(2. 5. 35) obmamaor mocrarodHo#E o6m-
HOCTBIO M MOTYT IPHEMEHATHCA UPH pelleHAW MHOTOYHCICHHBIX pa-
cueTHHX 3amad. Hecxoabko mpmmepoB mamo B Ilpmmosxennmu.

5.5. Cayuaif, xorga HanpaBieHES DIEKTPHYECKOIO
H MEXaHWYECKOTO BO3XEHCTBAA B3aMMHO NEPHEHTAKYIAPHEI
(cerneroBa €OIB)

M monarajm RO cuX Iop, 9T0 AedopManuA KPMCTATLIEIECKOTO
CTED/KHA IPOMCXOAWT B HANPABIEHHH JIEKTPHIECKOro moisA. Tak
ofcTomT MeNo Mg KBapma, ¥ KOTOPOLO MCIOJIb3YeTCA IbEe30dJTeKTPH-
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geckmit adexr, ompenensemu xommonentoii ¢ mumexcom 11. Ilpn-
MEHAA CErHETOBY CONb, OOLIYHO OPUEHTHPYIOT IJIACTHHKY TaK, YTOOHI
HCIOJB30BAaTh KOMIOHenTy ¢ mumexcoMm 14. Ilpu atom snexTpumueckoe
Hoye HAOPaBJIEHO MEPHEHJIAKYIAPHO K fedopmarmaM (PacnooKeHue
CTeDAHA OTHOCHTENBHO OCeH II0Kaszano Ha pumc. 2--5—3).

Mpbr mexopmnn u3 npennososkednst, yro 9D/dz=0, 1. e. 9T0 BHYTPH
o0beMa KpHCTANIa e BHLAENSATCA cBoGofnbie zapanl. B maumom
ciaydae DTO yiKe 1€ TaK: MHAYKUMA U3MEHACTCA BJOJb OCH Y, TAK KAK
cBOOOIHBIE 3apPAAB BHEIANTCA Ha OOKJANKAX, MNAPaJIedbHBIX
oca Y. G npyroit cTopoHsl, B faHHOM ciaydae 0E/dy=0, Tax kar kax-
mag o6xIanKa IpefcTaBIsAeT co60H HRBUNOTEHHANBHYIO TOBEPXHOCTS.

Puc. 2—5—3. IIbesosnekrpaue- Ly
CKHil CTEp/KEeHb CO B3AMMHO IepheH- {3
JAURYJIAPHLIM HANpABIeHHEM JIeKTPA- y
YECKUX M MEXAHMYECKHX BO3JEeHCTBH

ITone me 3aBHCHT Taxyke W OT KOOPAHHATH Z, TaK Kak gedopmanus
B 9TOM HANIPABJIEHAA OXHOPOXHA.

Taxoe n3Menenne yCIoBHH PaGOTH HBE303INEKTPATECKOTO CTEPHKHES
TOJKEO, 09eBAAHO, IOBJEYH 32 COOOA W COOTBETCTBEHHHE H3MEHEHHA
ero mapaMeTpoB u xapaxrepucTuk. [loaToMy MEI CHIBHOBA IPOREIAEM
BKpATI[e BCe IpeAsaymue BeBoAn. Ham ymobnee mcxofmrs M3 ypas-
Henmit (2. 2. 6), a me m3 ypaemeumi (2. 2. 5) (§ 2.1), xar mpexne,
mHAa4e TOBOPS, 3aMEHHB APTYMEHTH, NEPEHTH OT CHCTEMH (¢) K CH-
creme (a). Ypasmenma (2. 2. 6) raacar

D'=ed —ek, o=ed4EE, (2.5.37)

TAe e, — JeNGHHAA Ha 4T IESNEKTPHYIECKAs NPOHHIAEMOCTH NpH
oTcyréream AedopManuu; ¢ — Mbe303JeKTPAYeCKasd KOHCTAHTa; K,—
monyias IOHra mpm OTCYTCTBHE SJEKTPHISCKOTO HOJMA.
IIpownTerpapyeM mepByl0 CTPOKY IO HIOMAR¥ OOKIAmKH, T. e.
no dA,=l,dy B npenexax or 0 mo I,
B nesoit wacTdw moayvYmM HONHHEIA 3apan

g=1lled —le[u(l) —u0)]=CU—leu. (2.5.38)
Bo BTOpOi cTpOKE moL0KEM Y =1, B yMEOKEM 06e TacTm Ha A,=1l,
Llo (L) =F =1,eU + syly' (I,) = LeU + svp (D) u, (2.5.39)

rme ¢ (p) mmeer mpexmee sHavenme lu'(l)/u.

Or ypasmemmit (38) m (39), aprymenTamMm KOTOPHX ABJIAIOTCA
perpramak: U @ ©, MH MOKeM TeHepPb BEPHYTHCA K OOEIIHEIM apTyMeH-
TaM ¢ & u. JIJA TOTO MOKEO BOCIOIB30BATHCA TOTOBHME OPMYyIaMH
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ra6amnn (crp. 209), B3AB M3 Hee BHpPayKkeHHA C,, 9epes a,. Mul moxy-
9uM ypaBHEHHA B CJIeAyHOMmeM BHJE:

Uzciq AR, F=Ng+ [see (p) + NC,Ju. (2.5. 40)

31ecs

Ilepexofs K TOKY I CKOPOCTH, MO/KeM Iepenucarsb ypaBHeHus (40)
B BHJE

S
U= pé i mo, F—=mi—+ [?U o(p)+ m22)Cu] v, (2.5.41)
rie

N_hL 1

P ly p*

m=

Temeps cocrasum BouxHOBoe ypaBuexue. Ilo-mpemmemy (cm.
§ 5.1.2) MBI MoKeM 3amHCaTh

p0%u/dt?> — dsjdz = 0.

Iuddepenuupysa Bropyio cTpoky (37) mo z, momydaem
05/0x = ed 3|0z + E,0%u/02.

Ho B mameM caydae
69/ax=0,

H, CTajo OHTEH, BOJHOBOE ypaBHeHHE LPHHEMAaeT OOHYHYIO (opmy
0%u/0t? — c20%u/0z? = 0. (2.5.42)

Hyxuo0, ogmmako, saMermTh, 9T0 B 9TOM YDABHEHNH B OTIHYHE
0T pesyabrara, NOJYIeHHOTO PaHee MJIA KBApUa,

¢ = Egjp, (2.5.43)

T. €. CKOpOCTH pacopocTpamemma oupefenserca Monyuem IOnra
npu 9=0 (a me mogynem IOmra mpum D=0, xax pausme). DyHkK-
ous ¢ (P), noaylaeMas U3 pelleHnsA BOIHOBOTO YPABHEHAA, COXPAaHALT
opeskami Bux (2. 5. 18). B gem myxHo ammb moxcraBaTh =1, u 3Ha-
gsenme ¢ m3 (43).

CymecTBeHHO 3aMeTHTH, 9TO ITOT pPE3YAbTAT MONYIAETCA Hesa-
BACHMO OT BenddywHH D, T. €. OT pe)KEMa 3IAEKTPHIECKOA CTOPOHH.
O6xnagkm Moryr GHTH 3aMKHYTH HAKOPOTKO, HJIH, HA0GOpOT, Lemb
06KIagoK MOKeT OBITH Pa30MKHYTa, wim B Hamboxee oOmeM caydae
3aMKHYTa Ha KAaKOe YrOZHO COLPOTHBIEHHE, — 3TO HE IOBIHAET
Ha BOJHOBOe ypaBHeHme. EXWHCTBeHHOE NpefmOioMKeHme, CHEIaHHOe
OpE BEIBOJE, COCTOMT B TOM, 9TO OOKIAAKM IPENIONATAOTCH IKBH-
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HOTeHIHANBHLIMA LIOBEPXHOCTSIMU, 9TO CIPABEAJMBO C BLICOKOH cTe-
OeHbIO TOYHOCTH.

Paccmorpum Tenmeps caydal, xorga obxnanku orcyrerByior. Ilpu
atoM, ogeBmaHO, D =0, 50 03/32540, Tak Kak BOBHMKAKIIHE PAa3HOCTH
DOTEHIAATOB HE MOT'YT BHPABHATHCSA 3a OTCYTCTBHEM IPOBOJEMOCTH.
W3 nepro# crpoku (37) maxomum KA TOTO CAYYaAA

Dty 99__ €.
& ’ gz 5

Taxnm obpasom,

r— .‘3+E9) w = Epu.
x SE

Utak, mpm OTCYTCTBHE OOKIAHOK CKODPOCTB pACIIPOCTPAHEHUs
ompepenserca monyiem E ,.

OcTaeTcsi COCTABUTh YpaBHEHWs TPEXCTOPOHHEro mnpeobpasoBa-
Tela. dTu YPABHEHHAA TAKKe COXPAHAIT UpexHIL dopmy (2. 5. 30),
(§ 5.4), BO K0>PPEmUEHTEH, KaK HETPYAHO YOemHTHCA, MPHEHEMAIOT
cleNyomue 3HATCHW:

2;; = Zgg = Awcth —pc— ly + m?pC,,

1

+m2pcu’
shl2 (2.5. 44)

21y =2y =AW

2137 25 =293 =2z =M,
J— 1
B pC,t

Dopumyns (2. 5. 32)—(2. 5. 35) mpemmmymero maparpaga AAf
BXOJHHIX CONPOTBICHAH ¥ IyBCTBHTEIHHOCTH IPHHAMAKT BHJ

p=Awethl, + mipC, 4+

A 2
2m? AI’,” +m2pC, | — : +mepCy | 27 +m;
Sh?l2 Sh?l2
+ L (2.5.49)

Aw , ’
2 7 +m2pCy | — (31 + )
shT 2

(2. 5. 46)

7=

?

o 4
w N
Plu I +m2pcu s
sh 7 12
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m?

\ A
Z (ch!cfzg— 1)+ 4[( Z

2 p
+ mZpCu) —(chth?lz—-l-m?pcu)gé]

. P
su¥y, EXIA
- Aw , ’
m(—p At mply— 3
sh - ly

(2.5.47)

1 A 2 [ Aw ,
- ,w +m2pCy | — 132 | —m? : +m2pC, — 3
pCy P P
sh=1,y sh=1p
: . (2.5.48)

Aw al ’
m +m2pC, — 3
P
sh =~ Iy

5 = Awcth 1:—- Lo+ m®pC, + 3,

3mecs 0603HATCHO

%, = Aw cth % Iy 4+ m®pC, + 39

z:i-yz,

IAe 3, 32 ¥ Z — BHeIDHUWe CONPOTUBIEHMA INa COOTBETCTBYIOLIEX
CTOPOHAX.

5.6. MarEMTOCTPHKIHMOHHBIA DpeoGpa3oBaTedsh

IIpm mcememoBaHAM MArHMTOCTPMKIMOHHOTO HpeoGpasoBareis
(§ 3.3) MH mmcanm ypaBHEHHA Cpasy B CyMMapHHIX BeamimEax. Te-
Oeph HaM HY/KHO HAYaTh C MECTHHX YDABHEHHHA, KOTOPHIE ANA MAar-
HATOMEXAHAYECKOTO 3BEHA HMET CJedyiomuid Bmi:

H=piB—|—yE, o=1B + Eg, (4.5. 49)
13

rae p; = (0B/0H), — MarHuTHAA OpPOHMIAEMOCTH NPH IOCTOSHHON He-
dopmanme; Ep=(00/0t)s — Mmoxyns IOmnra npm nocroamnoi magyKUME.

Mur nocTynmim ¢ 3THME ypaBHEHWAME TOYHO TAK Ke, KAK C ypaB-
nenmamz (2. 5. 1), momaras, aro dB/0x=0; 5T0 He TOXBKO 03HATAET
OTCYTCTBHE CBOGOAHBIX MATHHETHHEIX MAaCC, HO W OTCYTCTBHE PAacCeAHMA
0o fudHEe CTepskHA. MATerpumpys B 5TOM OpPEANONIOKEHHE NEePBYIO
CTPOKy (49) mo z, maitmem:

M=£—B+Tu=cﬁu®+xu. 2.5.50)
13
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VMHOKAA BTOPYI0 CTPOKY Ha MOM[@[b [10MepPeYHoro CedeHis
CTePIKHA upu z =1, nonyyum

F=r+D+ AEpu (I) = 1D + solu’ (I) =10 4+ so¢ (P)u, (2.5.51)
rje TO-TpexHeMy

¢(p) =W’ ()/u.

BonHoBoe ypasHenue uMeer OGHYEYIO (OpMY, CKOPOCTH B3BYKa
oupenengerca Moxyinem IOHra npu nocroAEHOB MHIYRIIHM

2= Epglp.
Ypasuenna (2.5.50) u (2.5.51) orHOoCATCA K MarHUTOMeXaHHYe-

CKOMY 3BeHY; [q00aBifs 3JeKTPOMArHUTHOE 3BCHO, YPaBHEHMUA KO-
TOpOro

U = Z,i —no, M:ni+c‘%"fb, (2.5.52)
nepenucupad (50) u (51) B Tex ke aprymesrax
LY, S —Tpyle
M._.pr—l—pu, F_~pr-{—p<p(1))v, (2.5.53)

n monaras, Kak 4 B § 3.3,
m“:mo-:gt,

1ONyYuM JJIA  YPABHEHHMI JJIEKTPOMEeXaHMYeCKOro mpeodpasoBaTens

U= 2yl — 2350, F = 2910 + 250,
ciefyomue 3HaYeHHA KO3pPAIUEHTOB:
23, = 2y + PLy; 21y = Zgy == M =ny/P;

20y = > [0 (D) — 1HR] (2.5.54)

JTOT pesyibTaT 3aciy;KMBaeT BHUMaHHsA. [leqo B TOM, 4TO ypas-
wenmss (2. 5. 49) u ycuoBme 0B/0x=0 CcOBEPIIEHHO AaHANOrHIHEL
ypasuesnam (2. 5. 1) u ycaosuro dD/9z=0, KoTopLe 1era: B 0OCEOBY
HCCTeNOBAHAA NbE303JEKTPEIECKOro mnpeobpasoBaTens C KBapleM.
Mesxny Tem, Brpaxenze (2. 5. 54) MIA z,;, aHATOIHIHO TEM, KOTOPHE
GRTM TONYIeHH A CErHeTOBOH comm (cM. § 5.5 — ypasmeHma
(2. 5. 41)). Taxmm obpaszom, OT M00aBIEHHA 5IEKTPOMATHATHOTO
3BeHA COOTHOIIGHNS M3MEHMIHCH TaK, KaK ecian OH MOABHIACH yTeIKA
MATHITHON HEXYKIZE 00 AJIHHe CTEDKHS, T. €. Kak ecam O Hapyma-
noce yeaosme 0B/0z=0. Tak 370 I DPOHCXORHUT B MEHCTBAHTETLHOCTH;
5TOT B(PEKT ecTb pe3YIBTAT PACHPENENeHHOr0 MO JITHHE CTeP)KHA
BIMAHAA BIACKTPHIECKOH CTOPOHH. Bmgomsmenenme HCXONHBIX ypas-
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nermix (2. 5. 49) BcuencTBUe dTOrO BIMAHHA CTalno Obl 0cobeHmo
HATJAAHBIM, €cad Obl MLl OPUBEIM 11 YPABIHEHUS DJIEKTPOMAaTHHUTHOT(
3Bena K (opme MecTIHHX ypaBHEHHUIl.

5.7. BumopdHeIf Nbe303JEKTPUIECKUIA DIEMEHT

Heckonbko Gosee clioKkHble COOTHONIEHUA MONYIANTCA LIS IbE30-
3JIEKTPUYBCKOr0 3JIEMEHTA, COCTABIEHHOI'0 U3 [BYX CKICEHHHLIX IJja-
CTHHOK K3 CETHETOBOH coau. Takoro poma B3JIeMEeHT, Ha3bIBaeMmbli
ouMOpPPHEIM, H300PasKeH CXeMATHIECKH Ha PUC. 2—5—4, TIe TOKAa3a b
Kak HoBHe ocu X, Y, Z, coBmajawmue ¢ pe6paMm dJIeMeHTa, Tak
m crapeie ocm X;, X,, X, oOpasyomue TJIaBHYyl KOOPAMHATHYIO
tmcTeMy KpmcTanma. Mer mpenmomaraem, 9To o6e MOJ0BHHEI GuMOpd-
HOTO 3JIEMeHTa HMeIOT OOHYHYI0 OpPMeHTAlHI0, T. €. BHPEe3aHH Tak,
aro ocm Y m Z obpasytor yrau B 45° ¢ ocamm X, u X, a ocu X m X,
COBIQMAIOT.

dinement cHaleH TpeMs OGKIA[KAMU: OJHA HAXOMUTCA B 1LI0-
CKOCTH CONPHKOCHOBEHHA 00eux II0JMOBHH dJIEMEHTA, JIBe Jpyrue —
Je)KAT HA BHEMIHUX TPAHAX 3JICMEHTA M COEIMHEHLI MCKAY C06Oi.
IIpm marumbe ameMenrta ofHA [OJIOBHHA DACTATHBAETCH, NPYTad CiKU-
Maercs; NPH TAHHOM pAaCHONOMEHHH U COCIMHEHUM OGKIALOK Jel-
cTBue 0GemX IIONOBHUII CYMMHUDYETCH.

Paccmorpmm marn6 GmmopdHOro diementa B CHE[LYIOMMX Tpej-
DOJIOKEHHAX.

1. Hedopmanmsa pactsa)keHu# pacupeneieHa B HalUpaBjeauu ocu X
00 JHHEAHOMY B3aKOHY

z
E - Emuh/—z. (2 5 55)

J10 — 00BIYHOE JlOmymeHHe TeOpuM uU3rmba B CONPOTUBICHAU
MaTepmanoB. MEel IpexronaraeM, 9T0 CKOJBKEHHE II0 TIOCKOCTH
coenuHEHNsA 00e’X MOJOBHUH 3JIEMEHTA OTCYTCTBYeT.

2. OnexTpmYecKme U MeXaHHYeCKUe JeOpPMALAE OJHOPONHEI
00 MEPWHEe IIACTHHKHU, T. €. HPOM3BONHEIE BCEX MEPEMEHEHX IO 2
PaBHH HYJIO.

3. CBoGonuble 3apAmE OTCYT-
cTByOT, T. e. 0D/dx=0.

4. dumexTpUYECKOe MOoJe ONHO-
POMIHO HE TOJBKO IO MUPHUHE, HO
¥ 10 [JWHEe OJNaCTUHKH, T. e.
99/0y =0.

JTO XOUYymEHHe OCHOBHIBALTCH
HA TOM, 9TO OOKJIAagKM, 09eBUIHO,
IIPEeiCTAaBAAIOT COO0M SKBHIOTEH-
OHaJbHbIE IOBEPXHOCTH.

W3 reomerpmueckmx cooTHO-
Puc. 2—5—4. Cxema 6UMOPPHOro mbe30- IIEHAA JIETKO BHIBONUTCA H3BE-
DICKTPHYECKOrO 8JIeMEHTAa CTHast B COOPOTHBJIGHUH MaTe-
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PUANOB 3aBUCHMOCTD
E=zu™,

. ’ .
rje £=00/0y; uw'=8%/0y% v W u — COOTBETCTBEHHO IPOOAbHOE
u nonepednoe (T. e. B nanpasaexuu occit X n Y) cvemenus.
Taxum obpaszom,

. I
s [——

u ep

re] &

e == 2. 5.56)

D] =~

Emn‘( =

Haura 3ajaga cocrout B Tom, 9T06H COCTABUTH YPAaBHEHMA Npeos-
paszoBaTesid B TePEMEHHHX, BHODAHHBX [ ONHCAHEA pPEKHAMA
Kaykjo# u3 CTOPOH. [l dMeKTpPHIECKOl CTODOHBI TAKAMHE IepeMeH-
mpiMu nyets 6yayr U u g. Jlna Mexanmaecko# croporsr BeiGop mepe-
MEHHBIX 33BUCHT OT pemMa. Eciam m3rub osnemenra 1pousBogaTcs
COCPEe/IOTOYEHHOR CHIOH, TO B KadecTBe NePEeMEeHHHIX eCTEeCTBEHHO
BHIOpaTh 3Ty CHIY W mepeMeIeHHWE TOUKE €e NPMIoeHHA. Ecnm e
n3ru6 NpOMCXOAWT MO JeHCTBHEM pacHOpefieeHHOr0 MO IIOMATLH
3JeMEeHTa JaBleHna (ecau roBopuTh O mpeobpasoBaTene-TeHepaTope),
TO JaBJEHUE MO/KHO BEHIOPaTh B KaYecTBe OfHOM IepeMEHHOH Ha Mexa-
HUYCCKOW CTOPOHE, a B KaYecTBe BTOPOH IEPeMEeHHOH B 3TOM clydae
HY/KHO B3fATb 00'beM, BBITECHAEMHH NJACTEHKOM Npm medopMamuu.
HKax B ToM, Tak # B IpYroM ciIydae BHIGOP OEPEMEHHBIX Y 0BIETBOPSAET
Heo6X0UMOMY YCIOBHI, COTIACHO KOTOPOMY NPOU3BENEHEE epeMeH-
HHIX JIOJMKHO OHpENeNATh COBEPIIEHHYI0 MEXaHHIECKyIo pabory.
BynmeM mcxonuth M3 MECTHRIX ypaBHEHUHA

9=1D+f, o=iD+Ek (2.5.57)

Jlns BHBOfa ypaBHEHHS CTAaTHIECKOro M3rufia COCTABEM BRIpasKe-
HHE [JIA MOMEHTA. B JaHHOM CeYeHHH BHEIIHEA MOMEHT ypPaBHOBEINH-
BAaeTCA MOMEHTOM BHYTPEHHET0 MEXaHEYeCKOTO HanpAKeHHA, 06yc-
JOBIEHHOr0, Kak mokxasmBaer (2.5.57), kak pgepopMmarmed, Tak
7 Nbe303JeKTpAYecKHM 3PPerTOM.

Huddepernman MomeHTa

aM = bdxd.’t,

a OOJIHHIA MOMEHT B NaHHOM Cé9enHun
h/2
M=2b S ozdz.

0

IopcraBiusAsa 3HAYeHHE o H3 BTOPOi cTpok: (57), Haxoxum (IpHHH-
Mag Bo BEHEMamme, 9ro ) He 3aBHCHT, IO HameMy OpPeANOJOMKEeHHIO,

oT Z)
M=% L EyTu, (2.5.58)

rxe J =bh%/12,

12 A. A. Xapkenudy, T. 1 177



Aro m ecrs ypaHeHme marmb6a. Omo oTimIaercss 0T 0GHIYHOro
gag@d@eM IeHa, 3aBHCAIMEro 0T WHAYKIWH, B 9eM U TPOABIAETCH
B MAEHOM CJydae Ibe30dIEKTPHIECKHH dPPeKT.

Bunomamermm (2. 5. 58) Tak, 4ro0el B HpPaBO#X 9acTH TOIbKO u'’
3aBmceso or y. JlA 3TOrO BHpPAsEM MHAYKIAI Ipu momomu (2. 5. 57)
B BHJE

D=c-:29-—eef8.

ycpeﬂ;HHM 3TO BHRIDA)KEHHE 1O TOJIMUHEe NJIaCTHHKHA
.D = GEECP —_ eEfEOP'

Ho
U h
dop=17 Ep=TU"

TaK 49TO

D=2eU—f2ew. (2.5.59)
[MopcraBnas (2.5.59) B (2.9.958), monyzaem
M=i%eU+Elw, (2.5. 60)
rie 0003Ha9eHO INIA COKpaIIeHHus
E:ED<1-—7?:-X2)=%ED+-Z—E9. (2.5.64)

Bripaskenme (2. 5. 60) mpexcraBiser coboit HoByI0 fopmy ypaBHe-
gua m3rmba, yoobHy0 B ToM oTHOmeHWH, 910 U He BaBHCHT OT KoOp-
AHHAT.

Ina Toro 4rolH B ypaBHEHWH IOABHIOCH B Ka4eCTBE NepeMEeHHOH
CMEImEHme U, HYMXHO [BasKIBl HpOHHTErpmpoBaTh (2. 5. 60) mo y:

Y Yy
[ ay { May= P2 U+ ET[n—u(0)— yu! (0)], (2.5.62)

0 0

a 9100H NONYIATh B KauecTBe NMepeMeHHOH ob6nem V, HyxHO, npu-
HEUMasg BO BHUMAaHWE, 9TO
l

V:bSudy,

0

NpPOousBECTH eme OAHO HHTerpupoBaHUe

y y Y By
OS dyog dyog Mdy =125 U+

+ET [.é‘ V—1u(0)— 2o (0)]. (2. 5. 63)
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Vpasmenme (2. 5. 62) mm (2. 5. 63) mocayskuT onEEM m3 ypaBHeHEH
npeoGpasoBarens. [|J14 monyYeHnss BTOPOro ypaBHEHMA HAM HYIKHO
COCTABHTDb BEIDAKEHHe, KOTOpOEe COAEP:Kalo Gbl B KauecTBe HepPOMEH-
HOA 3apAfx q.

Wcxmouns u’’ ua ypasmeruit (2. 5.59) m (2. 5. 60), noxyamm

h 1 1 h2 -
rge
o=t
1—Tl'l

<

1 3 1
U=3a+5 257 | May, (2.5.65)

rpe C = 4bl/h — nonHas eMKOCTH BleMEHTA.

Ias npmmenenms o6mux dopmyax (2. 5. 62), (2. 5. 63) m (2. 5. 65)
HYKHO 3HaTh BuA QyHkumm M (y) u rpasmynsle ycioBus. IIpmMeps
pasobpann B Ilpunoxennn.

Ilo6aBaM B 3aKJII0YeHHE HECKOJNBKO CloB 06 ypaBHeHHmE Koiefa-
mumit maruba. Ins mosyuenwmsa aToro ypaBHeHHs nponuddepeHmmpyem
(2. 5. 60) mBa pasa mo y

M'"= EJu",

Ho M" =b, — pacnpefieleEHasA Harpyska. 3amenuM ee cuuoit
UHepUAM HA eLUHULY ANUHH, T. €. HOIOKHM

bp = —pbhii = —myii,

rje p— IUIOTHOCTB; M, — Macca eUWHHIE JIHHH; I = 0%u/dt? — ycko-
peHue B NaHHOM MecTe.
TaxuM oGpasoM, ypaBHeHHe Konebanuil usruba nmpuemMaer OOHY-

Hyl0 opm
yio fopuy EJulY 4+ myi =0, (2.5.66)

rie mo-mpexeemy E onpegenserca popmynoit (2.9.61).

[pu unrerpupoBanuu ypaBHenma (2.9.66) myxmo me sabmpars,
YTO IpAHUYHEE YCIOBUA NOWKHE (OPMYTMPOBATBEA C YIETOM MBE30-
3JeKTpHYecKOro ddderTa; HampuMep, MIA ONEPTOTO KOHUA Ciemyer
nueats He u' =0, a M =0, 1. e. coraacuo (2.5.60)

bh St
w=iz-grv.
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OPUMEPbDI

JneKTpAYeCKHil TOPMO3

PemmaM 3amaTy o6 dIGKTPRYECKOM TOpMO3e, KOTOPYIO chopMynEpyeM cie-

rylomuM 06pasoM.

TpaMBaffEsi MOTOp MMeeT OGMImA (1. €. 9IEKTPOMEXaHWYECKHH) K. m. A
7=0,75 B MeXaHRIecKHuH K. II. L. n4=0,85. B0 CKOIBKO pa3 HamOOIbIIee TOPMO3-
Hoe YCHJNHe IPH BAMEIKAHHE MOTOPA HAKOPOTKO (pasyMeeTcsi, IO OTKIIOYCHUH
ero OT CeTH) IPEBOCXORAT TATOBO® yCHIMe?

Pemenme. Ob6mee BHpaskeHEe IIA K. I. [X.

1 1
n= * 7 .
2 )

(1)

3pech j — mONe3Hasd HArpysKa; j — coOCTBEHEHOE MeXaHWIeCKoe CONMPOTHB-
lende, B HANIeM Cly4ae — CONPOTHBICHU® MeXaHHIECKUX IOTEPs.
Taxzm 06pasoM, MeXaHHIeCKHH K. I. X.
3 1

=T F 23 (2)

W it a1 sl
u obmee BEpakenne (1) Mo)KeT OHTH 3allECAHO B BH/E
e @)
1= T 3Zo/men,,”
Ilamee, TATOBOE YCUJME MOKeT GHTH BHPaMeHO UePes CKOPOCTb, A TOPMO3-
HOe — Yepea TOK KOPOTKOIO 3aMEKAHHSA
F=vy, Fp=mig.
Kpome Toro, mmeem ’
ik = e/Zo = mv/Zo.
TaxkeEM o6GpasoM,
Fr|F =m2[3Z,. (4)
Hs (3) m (4) monyuaem oTBeT

FplF = L 1
"=, (M/1— 1)~ 0,85(0,85/0,75 —1)

=10,4.

HpK pemeHNME 33JaY¥ MH IIOJarajld, 9T0 CKOPOCTh B BHPpaKeHHAX HIIA
Fnu FT OJHAa W Ta Ke, T. 6. TOPMOXEHH® NPOUCXOJAT HEeNOCDeACTBOHHO MOCJIe

OTKJIYeHHA MOTOPA OT COTH, KOIAa BarOH He HOTePAJ eme ckopocta. iMeHHO mpn
3THX YCIOBHAX, 0YeBATHO, IOJydaeTcAd HamboIbImee TOPMO3HOe YCHIEE, KOTOPOe
# TpeG0BalOCh ONpPEAedHTh.

TlomyTHO BHYHCAHEM MEXaHHAYeCKOE CONPOTHBICHHe BaroHa. JJsg aToro HaM
HY’KHO 3HATH TATOBOe YCHJIHe H CKOpocTh. [locaemaas mycth Gymer 18 mm/uac;
mepBoe Ha#fieM, moJIaras, IT0 MOTOP pPa3BMBaeT MeXaHAYECKYIO MOITHOCTH 30 xem.
MepesegeM atm Benmawan B CGS

. 105
P= Fv==30.103. 107 =3 - 1011 gpz/cex, v=§_%_%}=500 cmfcex.

18)



Orcroga TATOBOE YCHIME

P_3.tm_ . ‘
F=—=g—ar=0- 108 dun (~600 rke=0,6 m)

A MeXaHH9eCKOoe COIOPOTUBJICHHE

F 6. 108
F =-v_=5_-_—102:1’2 -108Q, =1,2MQ*,

Hpu'mqecuoe CONPOTHBJICHHE rajbBaHOMETpa

Tak HaskBaeTCs CONPOTUBIEHAE, KOTOPOE, OYAYYH HOAKIIOIEHO K 3aXKUMaM
raJbBaHOMeTDA, felaeT HMOJBHKEYI CHCTeMy amepmofgmudeckoid. Topmoasmmmi
a2¢deKT 06YCIT0BIEH TOKOM, BOBHNKAIIIAM B PaMKe IPH €e ABIGKeHNM, ¥ MOMKET
OBTH XapaKTepH30BAH KAK MeHCTBUe MeXaHAYECKOr0 aKTHBHOIO COOPOTHUBIEHHUS,
NpefCTaBIAOMEr0 co60# mpyMBeAeHHBIH K MeXaHWJeCKOH 9acTHA BKBHBAJIEHT CO-
OPOTHBIGHHEA BIEKTPHYECKOH IeId.

HaiimeM KpHTAYECKOE CONPOTUBIEHHAE, HCXOMS M3 CJAELYIOMUX NAHHHX rajb-
BaHOMeTpa: TyBCTBHETEJIBROCTH &, MM/Ma; JaCTOTA COGCTBOHHHX KojebaHEE HOX-
BHKHOH 9acTH f,, 2y; MOMEHT YUDPYIOCTH COUPANBHHX OPY;KEHOK (HiIA ralbsaBo-
MeTpa Ha OCAX) WK HojBeca raabBaHOMeTpa D dun -cu/paduar; COOMPOTHBICHES
paMkm R, ox. UyBCTBATENBHOCT HY/KHO Cpasy IepeBecTH B aGCONIOTEHE €THHAIH

, paduats Al
€ [ abe. ed. cuavt moka ]_10 2.

IBH)KeHHe DAMKE XaPaKTePH3YETCA YINOBHM IepeMelieHHeM g H ero IpoHs-
pomEnMA. KospdumumenramMu ApuxeHEs, Kpome MoMeHTa ynpyroctd D, 6yayr
MoMeHT HEepmm® J, 2cu?, m MomeHT TpeHmA K, zcu?/cex. PasMepHOCTH MOMEHTa
yupyroete CGS ectb zcu?/ces?. ANepHONMYHOCTE HOCTHIA@TCA, KOTAA OTHOCH-
TeIbHOE 3aTYXaHMe [eNaeTCA DABHHIM e[EHAIE,

=K [200] =1. (1)
MoMeRT TpeE:s O0YCJOBISH peaknmeid. MH aMeem
. m?
K=rTr, @

Koaddunmenr mpeoGpasdoBaEnsa MokeT GHTb BHpAaKeH JePe3 M3BeCTHEE Be-
JHYAHK CAeAYIOIEM 00pasoM:

m=M/i=¢'D, (3)

rae M — spamaromuit MoMerT. M8 (1), (2) m (3) monywaem orser

Ry =me'2Dfy— R'.

* EpqgHuna MeXaEMYeCKOTO CONDOTHBIGHMSA eCTh MexXaEmdecKmi oM, ofosHa-
YeHHEI COKDAIMGHHO MexoM mIE Qu. 1 Mexom=1 dun.cex/cm=1 z/cex. Cm.

OCT 7242.
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B aroif fopMyJie CONPOTHBIEHAS OTMEUeHB INTPUXAMH C LENBI0 HANOMHUTH,
970 OHH BEIPAKEHBI B a0COJIOTIBIX DJIEKTPOMArHUTHLIX €AHHULAX (1 om=10% agec.
9a.-M. ef.). OueBupHO, uTO UPU R’ > ne’2Df, TpebyeMas amepUOJUIHOCTH Bo-
o6me He MO;KeT OHTH HOJYYEHA.

IenrpoGexuplii peryasrop

B kauecTBe NpiMepa NpUMeHeHHs TeOPMH HeaHHelnoro npeoGpasoparens
paccMOTpUM CHCTEMY THIIA merTpobeskuoro peryxaropa (pue. II-1).
Mu umMeeM cieAyiolllee BHIpaKeHHe IJIA BSHEPIUM:
1 1

W5 su2 4 5 JQ2=W (u, Q),
e s — YOPYrocTh NPYKUHE; J — MOMEHT MHePIUM MAaCCH OTHOCHTEJIBHO Bala
N

s 2 AN 4
r ~ [}

L~-— u
) ﬁ‘; —_G\o\[‘_% AJ%AV% Puc. I—1

] ~ Z|

Takum 06pasom, SHePrHEA ecTh PYHRUUA NOCTYNATEJBHOr0 DepeMemMenus u U
yrioBoit cxopocts Q. MoMeHT mHepUHUM ecTh QYHKUHAA u:

J=md2= m[<—;->q——(%—-%>2]=% (2lu — u2).

1 mQ2 .
W=—2-su2 +—5 (2lu — u?).

Nrax,

CocraBisaeM BRIpaKeHne [Aid CHIH

ow mQ2
F=§;=su+—4-(l-—-u)

| IS8 MOMEHTa MMITyJIbCa, T. 8. [ MOMEHTa KOJHAIeCTBA ABHIKeHHA (Hama BTOpas
KOOpAXHATA OIpenesAeTca YIIOBEIM nepememeﬂneM)

oW __mQ
w=-0§—-4— (2lu —_— u2).

Hamee maxomuMm
2W _ dF _dw __mQ (
T =g = =) =R (u, Q).

@Oyurmus npeobpasosamna R(u, Q) ToxmmecTBeHHO paBHA Hyaw mpu Q=0,
9eM M oupejieaseTcss HeBO3MOKHOCTh IPHBECTH MNOKOAIIYIOCA CHCTeMY BO Bpamle-
e, BO3/EHCTBYA CHJIOH, HAIpaBJeHHOH BHOJNBH Bajia, Ha CKOJIB3AMYO My(Ty.
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K.n.n. GespynopHOro 3JeKTPOAMHAMIYECROro
rPOMKOrOBOpHTENSA

Il BHYMCIEHHA 3TOH BENHIMHB MOKHO BOCHOJB30BaThCA oOmieil Gopmy-
noit (XXIII). Heo6xomamo Jaump BHACHHTL CMbIC.I BXONAIMX B Hee BeJddMH.
Ione3Has Harpy3Ka B JAHHOM CJIy9ae eCTh COOPOTHBJIeHNe u3nydenns. IIpeacras-
IAsA W3JIydaTeNb CXeMaTHYeCKH B BHIe >KeCTKOTO NJIOCKOTO JWMCKA (ODOpIIHA),
Konebionierocss B 6eCKOHEYHOM IJOCKOM DKDaHe, NOJYYaeM MJIA CONPOTUBJEHHA
N3IYYeHHs KaKIOH CTOPOHEL NUCKa

r=owd (1 —J, (2ka)/ka|
AJIU JJA MaJabXx 3HAYeHUH apryMmedTa
rx wd (ka)*'2.

3mech ® — BOJHOBOE COLIPOTMBIEHME BO3AyXa, paBHoe 42 Q m/cex?; A m
@ — mIOmafk @ PAfEYC [HCKA; k= w/c — BomHOBOe 4mcio. CobCTBeHHOe Mexa-
HEYECKOe CONPOTHBJICHHe HNONBIKHON CHCTeMH I'DOMKOTOBODHUTeNA OUpefedserca
ero Maccod m (yHPYrocTb HOABECA CO3HATENHHO AEJNAIOT BEChMA Majolf, Tro0H
ee BIMAHEEM MOMKHO GHUIO HpeHeGpeds, mpHM TOM IoJydaforca OiaronpusATHHE
yacToTHHe 3aBHcEMocTH). TakmM o6pasom,

ro==r, Xy=wmn.
Co6CcTBEHHOE AKTHUBHOE 3JEKTPHIECKOEe COOPOTHBJIeLNe OpHMeM PaBHHM OMH-

9eCKOMY CONPOTHBIEGHHEI R MOABHMHOM KATYIIKIL. Koaddnumert npeobpasosanns
B [JaHHOM cCJydae €CThb

m= Bl.

o $opmyne (XXIII) noaygaem

1 1
1= (Bt ea)ram® 1+ R (r2 4 wtm?)[rBA2 ¢

3Ty $OpMYIy MOKHO YOPOCTHTH, TAK KaK r < om, 1 << 1; D03TOMYy MOKHO
3ammcaTh

& rB22 Ru?m? = wAk2a2B212/2 Ru?m?

uAd, OpEH¥MAaA BO BHUMaHHe, 9TO A=ma® 1 o=,

1 =p/2nc - A2B2I2/Rm?2.

D10 BHpAKeHHE MOKHO eme OpeofpasoBars. Mur umeem

12
R=37,

IRe O— yHelbHOe COUPOTHBJIEHHE; 1 — pnupa; V — o0beM MeTajjga HPOBOA-
HEKA, HAMOTAHHOTO HA NOJBIKHOE KaTymKe.
TaxuM 06pasoM, OKOHIATEIBHO

oV A2B2

1?._._.._'\_..

T2mc § m?

183



MoacrasuM cpeaune nudpoble 3Havenna: 9=1,8.10% (ymenbHoe comporus-
JieHue Mef¥ B abc. an. M. emurmEnax); V=0,2 cud A=>500 cx? B=10% narce/cn?,
m=20 2. Koncranra p/2nc pasHa (gna Bosgyxa) 5,9-107% zcex/cut. IMoacraBass
a4 qudpH B dopMyay mAA K. O. J., HAXOXUM

0,2 2,5.105.108
1,8.103° 410

7=>5,9 108 = 0,041 = 4,19,

KoHe4HO, K. O. . HeBeJHK, HO [JIA OLEHKHA IOJIOKEHMS HYKHO BCIOMHHTB,
9TO MOINHOCTD 9eJOBEYeCKOTO TION0CA IPH CPeHeM DasdroBope mMeeT HOPANOK
10-% ¢m, a npu xpuke 1073 ¢m. B To e BpeMs DJeKTPHIECKAA MOIHOCTH HAa BHI-
XOJle¢ COBPEMEHIOr0o NPHeMHHKA He MeHbIIe HECKOJBKUX BarT.

IIbesoamexrTpuaecknit TOABOJHBIE BHOpaTOp

a) Harywameav 6 sude naacmunku, nOAHOCMbl0 nozpyxennol 6 eody. Ilycrs
KBapIeBad ILIACTHEKA, cHalKeHHas OOKIAAKAMM, MacCOH KOTODEIX MOKHO Ope-
HeGpeus, DOrPY/KeHA B BOAy W pafoTaer B kadecTBe m3nydareias. Ilomaras, gro
€OOTHOIIEHAS MeKAY HONePeTHUKOM NUIACTHHKE H ATMHON BOJHH B BOJE TAKOBHI,
970 HBIY9aeMYI0 BOJHY MOMKHO CUMTATh HIOCKOM, IpHAMeM, YTO MeXaHHIeCKOe
COTIPOTEB/EEN® HA eUHUIY HOBEDPXHOCTY, IPHIOKEHHOe K FPAHAM IIAaCTHHKM,
PaBHO BOJHOBOMY CONPOTHBIGHWIO BOJBI

w, = 1,5 - 105 QM/cM*‘.

Tpebyercsa HafiTm Koae6aTeNbHYI0 CKOPOCTh B IOJYydaeMOH NIOCKOH BoJiHe
B 8aBHCHMOCTH OT IPHJI0KeHEOTO HaNPAKeHHA. 3a1a9a CBOAATCH K HAXOKACHUIO
IYBCTBRTEIBHOCTH

v

VoL = z3 U b

s oTofi BeNWIMHH, HOXbBYACh 06med dopmymod (2. 5. 35), mepecrapassa
B Hell WH[OKCH I IO/ICTaBIAA 8HAYGHHA z;;, u3 (2. 5. 31), monyumm

1 L _Aw fZ Aw ,
m b1 — T +‘ . %1
sh—-l sh—1
_j;.=__U_=L_|_ ! ¢ 1)
Va1 vl p _f_ Aw 8’ °
5 &
P sh?-l

c
B mamem ciry4ae ofe NOBePXHOCTH IJIACTHHKYU CONPHKACAKTCA C BOJO#

¥ HAXO[ATCA B OfHHAKOBHX YCJIOBHAX, MO3TOMY §; = 35 = 3=Aw cth -I-z-l + Aoy

1 Aw w 2
T [CES RSP Y
c

v \
u . —(1-0}1%1—%@{11)

7 (1) yopomaercsa
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UAY OAA CUHYCOUJAALHOTO PeXEMA

wy 2
1 2f Aw [:(cos kl+j 7 sin kl) — 1]

Yo Jo T fCyusin Kl

. 3)

LWy .
1-coskl—]a—smkl

9ta fopMyna maeT oTBeT Ha MOCTABJEHHHE Bompoc B o6mem BHge. COOTHO-
meHAsA CHIBHO YODPOIIAIOTCH, ecau BHOparh k! paBHRIM 7. Torga IpemesbHHM
nepexomoM, ybe:kgaAck, 910 BTOpOe caaraemoe (3) oGpamaercs B HyJb, IOXydaeM

| 1/vg1 | = 2f/w.
Hna kBapma KoHcranta f=1,1-104 CGS. Ilpu gactote, craxedm, 100 xeay

cmjcer

| va1 | =wf2f=2r-1052 1,1 - 10+=28,5 abc.s.1.-cm. €d.

=0,095 cm/cex/e.

PasMep NIaCTHHKH B HAIPaBIeHUM PAcHPOCTPAHEHHA (TOJINWHA) PaBeH
l=mn/k=mnc/o=05-.105/2.105=2,5 cx.

IIpegmounTatloT EMETh fgjo ¢ 6ojiee TOHKWME MJIACTEHKAaMH, KOTODHE CHA6-
JKAITCA MACCHBHEIMH MeTAJNJIHIECKEMHE O0KIagKaMu.

BriyucauM HampsiKeHEAe, KOTOPOe HY)KHO HORBECTH MIACTHHKE AJISA MOJyge-
HuA u3naydeHmA 1 em ¢ 1 cu? moBepxHOCTH NIIACTHHKM (66IbLIYIO YOEJNBHYIO
MOIIHOCTH He YAAeTCs NOJY9YuTh Ha HeGOJbmMX TIYOHHAX BCIIEACTBHE ABJEHHUS
KapuTanmu). M mMeeM M MOMBOCTH Ha eQUHWI[Y HOBEPXHOCTH

Orcroga

U =V2P|Aw, =V2 . 107/1,5 . 105 = 11,5 cufcer.

AMnnnTyfa KoxebaHHSA IpH 5TOM

Uy = Uy =11,5/2rc - 105 = 1,84 - 105 cx =0,184 p.
Hanee

va =01/ U; Va1 | =Vm/Upmi Up=vp/lvs | =11,5/0,005 =~ 120 6.

6. Ipuernuk, nosHocmbvlo nozpyxcenKull, 110 NPUHUMAOWUL 00HOU cmopo-
noti. IlycTh KBapueBass IJIACTHHKA, NOrPYs;KeHHAsA B BOJY, HMCIOJIBBYETCA B Ka-
gecTBe IpHeMHMKA. TpebyercA oOnpefieauTh YYBCTBATEIBHOCTh DPHEMHHEKA,
BHIpR)KAeMYI0 JIIA AAHHEOTO CiIydas OTHONIEHHWeM HANPSIKEHHS X0JOCTOTO Xoia
K mabHTOYHOMY faBieHmio. [Ipegmosnaraercs, 9T0 BOJHA AOCTATAeT JNHINL OFHOMK
CTOPOHH IJIACTHHKHE, T. €. YT0 BHONIHAA CHJIA NPRAOKEHA TOJBKO K OJHOM rpany,
craxxeM 1. Tpebyerca HaliTn TYBCTBHTEILHOCTH

U/p,=AU|F,, UJF) = z3]x) = —z3y3/% = —z3v13.

Msl umeeM (IepeCTaBIASA COOTBETCTBYIOMEM 00pPa3oM HHAEKCH B obmeit dop-
Myae)

L + 211 (293239 — 2523) + 213 (22123 — 231293) @
2 L .
vig 18 23125 — 29239
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Hy:BH0 3aMeTHTh, 9TO B PacCMaTPHBAEMOM CIy9ae BMECTO Z;; MEI HOJIKHE
OoJICTaBHTE B 3Ty QopMmMyay

& == Aw cth 221 4 Aw,

TaK Kak 00 CTODOHH! INIACTMHKE OXMHAKOBHIM 00DasoM CONPHKACAITCA C BOXOH
¥ HMeIOT OAWHAKOBOE CONPOTEBIEHHE, CKIAAHBAIONEECS M3 COGCTREHHOTO COMpo-
THBJIEHMA M PeaKNHHE BOJH, BHIpakKaeMod depe3 BOJHOBOE COLpPOTHBIEHHE.

Hawm mymHO0 nckath He 1/vyg, a 1/23vy5. IIpn 5TOM HYKHO HAIOMEHHTE, yTo U
IO YCIOBHIO €CTh HANPAKEHHe XOJOCTOTO XOAd, T. . Z3 —> oo. BMecTe ¢ vy cTpe-
MATCA K GeCKOHETHOCTH U 23, OPWIOM B IIpefielle OTHOMEHHE 2;/z; CTPEMUTCA K e/IH-
sune. IIpmEAB 3T0 BO BHAMAaHHe, NOJXyd9aeM u3 (4)

P wy P\
<cth ~{—75h— l> —1

1 2By — 2193y _ Awp c

23V13 |2y> @ Zalzé — 291233 ish g 1
c

» wy P ’
cth—l—w sh—c—l—1

WIE 1A CEHYCOMAANBHOTO DeKmMa

W 2
1 F Awe <cos kl+]w— sinkl ) —1
~% T 7sinkl’

= b
23V

Wy
coskl-]-]u75m kl —1

HId OKOHYATEJBHO

U £ sin kl coskl—-i-}-jz—bsinkl

;)—1— ww

Wy 2 :
coskl+]u75mkl —1

dra PopMylTa ® IpeAcTaBIAET COGOH HMCKOMO® BHIDQJKOHHUE [JIsi IYBCTBHTENB-
HOCTH.

Ympoctum ee, BuGpaB ki=m/2, (I=X/4). IIpm arom

v __ o1 —jwylw
Dy we T (wy/w)
Ul t
P11 we VTX (wplw)e

Ornomernme w,/w cocraBuser 0,12 (Boma—xsapm). Ilpeme6peras KeagpaToM
9TOH BeNTIMHH HOX KOPHEM 10 CPABHEHWIO ¢ eMHHNEeH, NOTyIaeM

Uit

pl =w0.).

Hdas Toit e wacroTm 100 K2y, UT0 W B OpPAHAyImeM OPEMepe, HAXORHAM
| Ulpy|==1,1-104/1,25 . 106 . 2% . 105=1,4 . 10-8CGS =

== 4,2 - 105 6/6ap =42 mre/6ap.
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Ilnsa Bo3gyXa dYyBCTBUTEJBHOCTh NPHEMHHKa OymeT Takoil ske; mpeHebpedb
OTHOIIEHHEeM BOJHOBBIX CONPOTHBIEHHH BO3AYXa M KBAapLa Mh MOKeM U IOZABHO,
TaKk Kak OTHOmeHue 370 cocTasiser 3,3 -1075. Hyskuo no6aBuTh, 9T0 YyBCTBUTEb-
HOCTb ONpeJejeHa HAMH IO OTHONIEHHIO K (AKTHYECKOMY HaBIEHWIO HA MOBePX-
HOCTH KBapOeBOH mJiacTHHKE. IIpEm NpEHEATEIX HaMH YCIOBHAX OTO JAaBJIeHHE
B/BO® IIPeBOCXOQUT (BCJe[CTBMEe IOJHOTO OTPAsKeHMS OT MOBEPXHOCTH KBapla)
naBieHre B CBOGOXHO pacIpocTpaEAnINencs BonHe. FHade rOBODPS, €CIU OTHOCHTD
Hamps)KeHWe K NaBJCGHWI0 B cBOOOJHOM mOJie, TO HOJYYeHHYH muppy Ais TyB-
CTBUTEJBHOCTA CJIEAYyeT YABOHTH.

6. Maccusnbie 06kaadku. Mu He OymeM yriyGaATHECA B JeTaJIbHOE HCCIEIOBA-
HUe pPasNMIHEIX BO3MOMKHBIX PeKMMOB KBapueBoro BmbpaTopa. 3aMeTmM JHUIb,
910 HOPMaJbHAf KOHCTPYKIMS, KaK y’Ke FOBOPUJIOCH, MMeET MAaCCHBHEHE MeTaJLIA-
qecKEe OOKIafRA. B 3TOM cirydae HYKHO YywecThb TaKie BOJHOBOH Xxapaktep
pacmpocTpaHeHMs BOSMYIEHHH B oOKJagKe.

— [, o [ -~ [zr

Y -
Puc. -2 3, /4 >§ 3,

Ecam KBapleBas HJaCTHHKA TONIMHHOM [ 3a:KaTa MeKIy ABYMA MeTaJllIHde-
cxkuMu niaactoHrama 1 u 2 (puc. I1-2), To B mpepsfymue GOPMyIEl HY;RHO HOA-
CTaBUTH

- v = »

§+ Awy th’c'l"ll 32+ Aw, th'c';lz
f=Aw D’ 2=sz'__r-

Awl‘*‘ilt’hall AW2+52t/hE;l?‘

9T0 [aeT HaM BO3MOMKHOCTb HAATA COOTHOIEHWA MERAY BeJHIEEAMHE Ha Tpa-
Hume Kpaph—MeTajui. [locle aT0ro HeTPYAHO MepedTH HA BHEMHIOK I'DaHANY
MeTalIMIecKoit 0OKIamKu MPW MOMOINM €e YPABHEHMH KAK YACTO MeXaHHYECKOTO

npeoGpasoBaTens

P 1
Fi=Aw, cthqllvl + dw, ————

7y,
p
Shall
_ 1 P
F1=Aw1 P vy +Aw1 ct;h llﬂl’
sh =—1I;
c1

rge vy, Fy — CROPOCTH W CHJa Ha BHYTPeHHei mosepXmocTE o6kiagru I (Ha rpa-
HHT® KBapI—MeTall), a o5, F; — Te Ko BeIAHH Ha BHEEIHeH MOBePXHOCTH 06-
KIagKH. AHaJOTHIHEE YPAaBHEHHA C MHJEKCOM 2 OyAyT ONACHBATH COOTHOIIEHHA
NI BTOPOH 06kiaakd. JIA cAMMETPHIECKOTO CIydas BCe BEIMIMHH C HHIOKCAMH
1 = 2 pasab npyr apyry. Dasa prbparopa, IOTPyHeHHOTO B BOXY OEO# CTOPOHOH
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(BTOpas 0CTaeTCA B BOBAYXe), HA/IO LOJOMKHTH
B=Aw,, 3=V,
TaK MO

h Ly
5.;-=Aw.zl,|al-.

[oay9yaemsie B peayibrate OpMyllsl, KOHEYHO, HECKOLbLKO 6o1ee TPOMO3MKY,
weM MCIOJB30BAHHEE B IPeHAYI(MX OPUMEPAX, HO HU COCTABICHMe MX, UM Hpu-
MCHeHAe NPAANUINAJBHEX 3aTPYAHEHWUE He BCTPEdaloT.

CrArnBaHne OXJA’KAEHMEM HArpeToro Telaa

B Texnumke MEDOKO HOPHMEHAETCA CIOCOD COBNAHUA HANPAKEHME 3a cder
OCTHBAaHNA OpeBAPHTENLHO 1IATPETOr0 Tela. TaK HBrOTOBIAIOTCA BarOHNLe
KoJleca, Ha KOTOpHe 6anjasK Haca’KUBAeTCA B HArPeTOM COCTOAHMU; TAK M3LOTOB-
JSETCA TeJ0 apTWIIePUACKOro OpyAuA. ITOT CHoco6 XOPOIIO U3BECTEH, W 3ajada
0 BO3HMKAKMUX HAUPAKEHUAX JIETKO DelaeTCA MeTOJaMyi COOPOTHBIGHHS Ma-
TePHAIOB.

HMATepeco paccMoTpPeTh, KaK #Ta 3afada PemaeTcsI MeTOaMu Hamed Teopuu,
¢ TOYKM 3pEHUA KOTOPOil Harperoe TeJO eCTh TepMOMeXaHmIeCKUil mpeobpasopa-
TeJdb.

3ajmaerca MaMeHeHHme TeMUepPaType 7,, MIIeTCS BO3HHKAKIasA cmia I,
IIpm 3ToM fOMKHA OHTH M3BeCTHA YIDYroCTh Teja, Ha KOTOPOE OKAasHBAaeTCs
BO3JeHCTBAE CO CTOPOHH HArpeToro Teiaa. Ilycth aTa ympyrocts GyaeT s,.

VpasHeRma mpeoGpasoBaTeiNs MOMKHO 3amucaTe B BERe (2. 4. 8)

T
T1=F-S+9Qu, F=RS +sgu, (1)
v
U 3ajava COCTOUT B OTHICKaHEW oTHomeRMA F/T;, I KOTOPOTO HMeeM
FT) = zy[x) = ey ta/cyy (Cop + o). (2)
B mameM caydae
R =y =alTsgfcy, ¢,=cyy=T]cy, (3)

Cog == S Coy ==Coa == S5 Co== 9y,
rie sg W sg— ajuabaTuvecKas U M30TEPMUUECKad yapyrocru (sHauok 0 B jais-
HeiimeMm onycTaM).
Iopcrarnaa (3) B (2), nonyuaem pemienite 3ajaun

F__ al
T, s 175" )

(MB DoNB3yeMCs H30TOPMHIECKOH YOPYrocThIO, TaK KAaK HPOIECC OXJaKAeHHA
IPOUCXOZHT B YCJIOBAAX CBOGOJHOrO TemIoo6MeHAa ¢ OXpyKawmei cpenoi.)

Ins mpEMepa paccMOTPEM fiBA KOJbIA, M3 KOTODHX BHOIIHee, Oygydd Ha-
rpeto, HaJleBaeTCA HA BHyTpeHHee 0e3 ycmumsa. TpeGyercs HaWTH HOPMANbHO§
HaOpsKeHHEe o, H0CJHe OCTHBAHHEA,
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B pansoM ciydae B dopmy.uc (4) F o3HavaeT HOJHYIO pafguaibHYI0 CHIY,
| — pagmyc BHeNHEro KoJbOa, § ¥ S, — PAfAMaJIbHHeE YOPYrocTM BHEIMHEro M
BHYTDPEHHET0 KoJlell, MJIA KOTOPHX MH UMeeM COOTBeTCTBEHHO

. Ebh E.boh
ST TP, Spm R, (5)

rge K — momynpb [Onra; b -- pajjuanbHasi IIUpMHa; h -— BHCOTa MO OCH.
Besmanubl ¢ WHAGKCOM 2 OTHOCHTCH K BHYTpegHeMy koabmy. Iloacrasuss
(5) B (4) u mensn Ha GOKOBYI UOBEPXHOCTh 4:=27lh, HAXOAEM

aF
l Eb * (6)
55 -1) 23

Sl
-

M3rud 1npes03IeKTPUIECKOr0 (UMOPEPHOTO 3MEeMEeHTa

a) Odun Kowey sadesan, KO 6mOPOMY npusoxcena cocpedomouenras cuaa F.
Brpaxenme pAJjiA MOMeHTa HMeeT B JIaHHOM cClyJae BHJ
M=F(l—y) (1)
OpX TPaBHYHHIX YCHAOBUAX
u (0)=u’ (0)=0.

WrTerpupys, uodydtaem

1
1
[ ray =5 o2, 2)
0
¢ ! 1 1
deSMdy=F<—2—ly‘3—Fy3>. 3)
0 0
IlopctaBmyM (3) B (2. 5. 62), Bubpas y=1I, moayIaemM
3 bk 3EJ
F=ofre U4+ ud), *)

a mopcraEoBKa (2) B (2. 5. 65) macr
1 3 f 1 .
U=zt 71, wl ©)

[pmBops ypapHeHAs (4) B (5) K PACHOJIOKEHMIO IePEMEHEBX ¢I0 CUCTOMO (c)»,
[OZyYaeM OKOHYATEABHO YPABHOHEe PACCMAaTPHEBAeMOro MpeoGpasoBaTels

1 3 B2 3 k2 .
U=-E;q;(k)q+1—6-f-ﬁq:(k)u(l), F=(pig¢Ma+SpgMmad). (6

3aech 0603HAYEHO
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910 — COOTBETCTBEHHO €MKOCTH 3aKpelJeHHOTO 3neMeHTa (T. €. mpE or-
CYTCTBHE CMeIIeHHsA) H YOPYTOCTh XOJIOCTOTO X0Aa (T. e. IPM PA3OMKHYTO# BHEII-
Hell memm). Bxopsmas B KavecTBe MHOKUTeJA BO BCe TIEHH! HNPABEIX qacTeit (6)

dyHKIUA  paBua

—_— ()

6. O6a ronya onepmul; no éceil naowady ssemenma deilcmayen pagromephoe
Jagsenue p.
Mu wMeeM: BHIpaJKeHHE NS MOMEHTA

1

M= bp(y2—yl) (8)

vl

W I'PaHM'IHbIe YCJIOBUA

u(®=u(l)=0.

Wsrerpupys (8) m moabaysck Gopmymamm (2. 5. 63) u (2. 5. 65), moaysaem
ypaBHEHHA IpeoOpa3oBaTelsl B BHMO

1 5 h2 5 A2 h3
U=5;?(l)q—zfgl—3?(l)",P=—z'fb—m‘?(7)q+10ﬁ5pv(l)", (9)
rge

(2
¢(N)=—"5""- (10)
1-—-§')\2

MosxHO mepeiiTm OT AaBieHHSA p u ofbema V K HOJNHOH cmile ¥ CpeHeMY
CMeIeHMI0, T. 6. BBECTH

F=blp; uy=1V/bl.

B »TEX mepeMeHHHX ypaBHeHHMA (9) OPEMYT BHL
1 5 k2 5 h2 bh3
UegoeMa—TimgeMu.  F=—7f5ehia--10 75 EDp (o (11)

3aMeTAM, IT0 3HAKE IP¥ BBAUMEHX WIeHaX B ypapHeHHAX (11) oTpunarenbHs,
TOTAA KaK B AHANOTHIHKX yPABHEHHAX (6) OHH HOJOMHUTEAbHE. JT0 00BACHIETCA
TeM, 9T0 B JBYX DAacCMOTPEHHHX CIydJaAX 3HAKA KDHBH3HH, a Clef0BaTelbHO,
¥ geopMAanEM @ HONAPH3ANEH, HPOTHBOIOIOKHH.

3aMeTHM TaKKe, YTO MH He MOMKeM II0 IPOH3BOJY BBOOHTH B ypaBHeHHA
mpeofpasoBareNs Kakoe YIOXHO 3HadeHwe nepeMemeHums. [Ipaxruueckm ymoGHO
BOCHOJB30BATECA CMEIIEHWEM CepefdHEl OmEPTOr0 IO KOHOAM BJIeMeHTa. JTO
MOMRHO CRHeJNaTh, ecau He 3a0HBATh, 9TO BCJIEACTBHE IELEB0SIEKTPAIECKOTO 3-
dexra MaKCHMAIBHOR CMEI[EHN® YK He CBABAHO CO CPOJHMM CMEIIEHEOM HPOCTRIM
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YHUCIGHHEM COOTHOIIEHKeM, KaK B caydae medopManam oBETHOTO yOpyroro Teia.
B mamem caygae gas u, # u (I/2) ME DOJydaeM CIeAYIOIMHe 3HAYEHHA:

1 128 L l 3 1€ 5 13
—— o AU S \=2 8 = .=
w=7fmg ! T mer “(2)‘4 wmE VUt er F

8. Qucaennve coomruowenus. A paceeToB OPUXOAHTCA, 332 HEMMEHHEM
Jyqmero, IoJb30BaTbCA MaTepuaiaMua pabota Macoma.

Jna NpUHATOR OpUEHTANMM INIACTUHKHU U3 CEPHETOBOM COMM, HO JAHHHEIM
OTOro aBTOpa, IOJydaeM

1 4
d=-=d; =4 1078, E = 7 =
PR Sy -t Sys - Sgy + 28,3

3,0 - 1011,

) ) E
f=d —;-—-100, )\.2=d2—e'% 0,42,
/ 19 3 .3 .
EglEp=t/e,=1—12=058, 1 —5i2=0,69.

QOysrnur ¢ (\) 1 ¢ ()) Makdo OTIHYATCA OT eUHANEI, a MMeHHO ¢ (A) =0,90,
¢ (\) =0,93.

OnpexeneHue KOHCTAHT CETHETOBOM COMH
no Mbacony

B kavecTBe mpmMepa OpogenaeM BHYUCJICHHS, KOTOPHE NO3BOJAKNT IOXY-
9ATh 0 JKCOEPEMEHTAJBHEIM NaHHHM MbacoHA 9YHCIEHHEE 3BAY6HHA MeXaHHYe-
CKHUX, DIGKTPHYECKHX H Ibe30NEKTPMIECKUX KOHCTAHT CETHETOBOH coxd. Ilo-
OYTHO MHl ECOPABUM HEKOTOpPHe ROOYIMEHHHEe M3COHOM omHEOKH.

Meromuka Mscora cocromr B caexyiomem. OH maMepser: 1) gacToTy MexaHu-
YeCKOro pesoHaHCA KpECTalula 0e3 o0KNAafOK w, UPU OMENeHAH KpUCTALIa
B /epKATe]b ¢ BOS/YLWHKIM IPOMENKYTKOM; 2) YAaCTOTY wg BJIEKTPAIECKOrO peso-
HaHca (T. e. 9acTOTy, HOPE KOTOpO# HAOIIONAETCA MEHEMYM 3JIOKTPHIECKOTO
COIPOTHBIEHMA) s KPUCTAJLNa, CHAO)KeHHOTo OoOKJIafKaMm; 3) JacTOTy aHTH-
pesoHaHCA (P KOTOPOM COLPOTHBIGHEEe EMeOT MAKCHMyM) B TeX e YCJIOBHAX;
4) TEANEKTPHYECKYI0 IPOHHIAEMOCTh CBOGOZHOrO KpHcTamia ¢,. Bce koECTaHTH
OIpefieJAIOTCA OO Pe3yabTaTaM STHX ONLITOB BHYHCJIEHHMEM, KOTODHe ME H BOC-
OpomsBejieM, OMyCKasA TeH30pHEE 00o3magzenmsa. IIpee Bcero maiiieM 9acToTy
MEeXaHAYIeCKOTO pesoHaHCAa Kpucraiia 6es oOkmamox. Ilepsmid pesoHamc moay-
9aeTCA, KOTHA Ha CTOP:KHE YKIAAKBAaeTCA MOJOBHHA BOJIHEL, T. €. kly=m, oTkyna

w=mc/l,.

Kax 6ni0 ycraEOBNeHO BHIIE, cx%mo'rb pacHpOCTPaEeHAA B KpHCTALIe
fes obknagox onpemesserca MoayieMm E,. Takmm oGpasoM,

w, =mep]ly. (1)
OTclopa cpasy HAXOGHM OFEY W3 HHTODECYONEX HAC BeIUIHH
ED"—‘Eiz'“’i e, (a)
e p — INIOTHOCT.
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Temeps onpefenuM BXOAHOE 9JIEKTPUYECKOE CONDOTHBJIEHHE KpHUCTania
¢ obxaagkamd. Bocmonwsyemcsa rotosoit obwedt gopmyaoi (2. 5. 46), B koropoit
7 cBOGOKHOrO KPHCTAJNJIA HYMHO IOJIOMKUTD

Hn=3=0.
IlpomsBefa ynpomeEHA M 3aMEHAA P HA jo, HOdyIaeM

1

Z = 5.
. tg kiy/2
jocu (1)

Iaa HaXOKOEeHMA DEe30HAHCHOM M aHTUDPE30HAHCHOH YACTOT HYKHO mOJo-
JKUTh BHaKeHEHMe B CKOGKAX COOTBETCTBEHHO DaBHHIM OECKOHeYHOCTH M HY.io.
970 pmaeT B IIEPBOM Caydae

kl
Lg72= ®, kl,=m.

Onsako ang KpHcTajla C OOGKJIa/ijkaMd CKOPOCTB DAaCllPOCTPAHBHUA sapucuy
oT Moayna Eg; TakmM obpaszom,

wk=1:cs/l2. 2)
Honaras
kl,
14 f2 __gT 0
T k2

I1o71y4yaeM MJIf o, TPAHCL®H[@HTHO® YypaBHEeHUe

Iy b
wAEctgwAig:_ﬂ_ ®)

Uz (1) m (2) mHaxommm
w2R/w}‘ =C:29/02D=E9/ED=55/56=1 -—)\2,

OTKyAa
AR=1—wlp/u? (b)
Ilocsre aroro MoKHO Ha#TH

Eg=E; (1 ~1?), (c)
e, ==¢, (1 —12), (d)

¢ Ep
p=""12 (e)

3

€

d2= i A2, )
l=¢,f=Eyd. (@

B armx coorHomeHEAX y Macoma BKpasuch ommGku. OH THmTeT (B HammEx
0003HaTeHUAX)

°t
d2= =12,
Ep
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YyTO OPUBOAUT K IpeyMeHblleHHOMY B (1 —)?) pa3 3Ha9eHUI0 TbE30DJIEKTPHAIECKOrO
mopyas. OcTalbHEE KOHCTAHTH ONpe[ejielb NPABEJIbHO BCIEICTBHUE CJYyYaRHOM
wommencaumu omnbku. Tak, naupumep, Micon npussmaer e=Lpd, rorja
KaK NPaBUJIbHO® BHIDAKEHHME OTOM KoHCTAaHTH faHO Qopmynoit (g). Boobue
oTueTnuBOE pasHEUH Mexyy E, n Eg B paGote Macoma yocmoTpersh Henbas.
NaMepeHHble WM KOHCTAHTH YNPYrocTd CyTh KOHCTaHT updy D =0,

3aMeTEM B 3aKJII0YEHEHe, UTO M3MEPATH 9aCTOTYy AHTEPE3OHAHCA UBJIHIIES.
IIpu suBoge dopmyn (a)—(g) MW OTOH BEeAMYMHOA He BOCIOJIB3OBANHCH, OHA
MO’KET TMOCIHYKATH JUMB JJIS TPOBEDPKM.

AGcomoTHas rpajyMpoBKa npeofpasoBaTelneit
IpH IOMOINM OOparIeHus

O6parmmocTh mpeobpasoBaTeliedl MoKeT ORTb IOJIOXKEHA B OCHOBY CBOe-
o6pasEoro Merofa abCoJIOTHOHA rpanydpoBKu Ge3 moMomu »sTajoHOB. IlpmmeHnnm-
TONBHO K 3JIEKTPOAKYCTHYECKUM Ipeo0pa3s0oBaTesAM 3Ta BO3MOMKHOCTH YKA3AHA
Mak-JIusom [5] u KHyxom [7]. ITog TpafgyupOBKOH MIOHHMAETCS OHpefeieHHEe
9yBCTBHTEIBLHOCTH OpeobpasoBaTelisi. .

CywHOCTh METO[a COCTOHT B ClefyiomeM. B3AB gBa IPOR3BOJIbHAEX mpeobpa-
30BaTesifl, MPOU3BOJAT C HEMMU JBa OMHTA.

1. IopgseprawoT o6a mpeo6Gpas3oBaTe/]s OLUHAKOBOMY BO3[SMCTBHI0 Ha BXOJ-
HBle CTOPOHH; OTHONEHUWE BHXONHHX 3PQPeKToB UPM 3TUX YCIOBHAX ONPEACATET
ommuouenue IYBCTBUTEIBHOCTH 060MX mpeoGpasoBarelieid.

2. O6pamaioT oAgH B3 DpeofpasoBaTeNedl W 3aCTABIANT ero BO3EACTBOBATH
Ha BTODOH; HaGII0faeMbI# IIpu 3TOM BHXOLHOH addexT onmpenensier mpomaBenenme
9yBCTBETEIBHOCTEH.

3HasA OTHONMEHHE W OPOM3BEAeHNe IyBCTBHTEABHOCTOH, JIerKO BaHTH KaXKEyio
¥3 HEX IOPO3Hb.

BriBefieM TeOopeTHIECKHe COOTHOIEHHA B HECKOJNBKO Golee obmeil ¢dopme,
geM 9T0 CHedaH0 y 060MX HasBAHHEKIX aBTOPOB. ¥CJOBHMCH, 9T0 HOJ TyBCTBETEIH-
HOCTBIO Mbl OyieM IOHEMATH OTHOIIeHHUE

Lo
* = '1._1 om0’ (1)
rRe, KaK 0GBITHO, HHIeKCH 1 ¥ 2 OTHOCATCS K BXOAY U BEIXOAY JaHHOTO HpeoGpaso-
patess. J{Ba yIacTBYHOMEX B ONHTAX mpeoGpasoBarens Oy/ieM pasiudaTh HHJIEK-
caMg u = b. IlepBHE omHT HaeT

Zog = *a%1ar Tob = %pT1})

u ecam
L6 == T1p,

T, €, BOB}.IeﬁCTBHe Ha oba Ilpe06pa3OBaTeJm OJMHAKOBO, TO, 09eBHIHO,
%o/ %y == (Z25/Zoa)1 (2)

(mEgexc I ykaseBaer, 9To OTHOIIGHHE IOJYYeHO U3 HEPBOIO OHEITA).
Jlis BEIDONHEHMSA BTOPOIO OMHTA COemEHEM 00a mpeoGpasoBaTeld, Kak
mokaszano ua pwue. [I—3.
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ITpeoGpasoBarens a obpammen; BOBJENCTBIE OKA3HBAETCS 114 CTO BHXONHYIO
CTOpOHY; BXOJHAs CTOPOHA CBABAHA CO BX0j[0M TpeoGpasoBaresisi b IIPU MOMOIIK
CONMpPOTHBIGHAS Zo.

[pumacaB BeIUIAHAM §1o M Y15 HallpaBJeHus, yxasanumeu na puc. 1I1-3
CTPeNKAMHE, MOYKEM COCTaBUTH CIeLYIOMYI0 CHCTeMY YPaBHEHMU:

1y = —a11a + 1220 Ty = U Y1a -+ Gastfral 3)
1y ==by1dw + b12Y 200 Ty == by 1y -F Davfos
Ly ==T1p =1, !)1(1=1]1b + Ly 20

Paspemas 3Ty CHCTeMY OTHOCUTEIDBHO Ty, M Zgqr BHaKEHHHX 4Yepe3 iy,
B gy, HONYYAM yPaBHOHHA Pe3yJIBTHPYIOIIETO npeolpaszoBaTelst

Ty == 211Yoq 1 215Y2bs Loy ==2y1l0q 1 Za2ll9bs (4)
T2a™] — T
yza—-- < —--yz‘s Puce. 1I-3

L1y

rjie z;; UMeioT caepylomue 3HAUYEHHU !

2 a a198y) (1 + b11/20) - anbia

= — 9 ==
L2 gy + b+ anbn/z’ 27y o+ by - by 'z
2 a12b21 2= b 012112](1 -—:— (IH/Z“)
2= 2= 0 — — .
= ay + by + enbufzo apy -l by - aqybyyiz

Tlo o6meit gopmyie (XIV) (§ 18) uMeeM TyBCTBUTEIBIOCTE PE3YIBTUPYIOWEro
mpeoGpasoBaTeNs
Top__ ZnZy
Zoy Z192y) — 213 (299 -F 22)

BYI(BM paccMaTpuBaTh IyBCTBHTEIBHOCTH X0JI0CTOTO Xoja, T. €.

L i %ba !
O™ oy lgumo 211 anbn “ (i_+i+_1_> ‘112‘121<1 + 1\) )
s B Ut T
Zlay | b 2 ay \bu 2o
SaMeruM Temeph, 4TO
To ey L Ty _, b
Zli o= =g | g T T p,
1a 1920= 11 16 [G2b=0 11
TaK 4TO
*g*h

02y, (T]ag; + 1/byy + 1/2q) — #2ay, (1/byy + 1/20) "

Beamgunnl a;, @ b;; OPeNCTaBIAOT 060 CcOOCTBEHHBle COMPOTUBJIOHHSA
oboux npeobpasoBaTenel ¢ BXOZHOK CTOpPOHH. [l0JOKEM, ITO COLPOTHBIEHNE
CBASH 2, MHOI'0 MeHbIIe KaXIOI'0 U3 COGCTBEHHHIX CONpPOTHBICHMH.
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Torpa

Lo o )
20 176y
W lPU ITOM yCJIOBHN
%a%p2n "
*y O e | 6
0 gy — *Zayy ©)

Ecian YyBCTBUTEJBHOCTH npeo6pasoaa'renﬂ a J0CTAaTO9HO MaJjla, TaK 4YTO
BTOPBIM 4YJIEHOM B 3HAMEHATeJC MOKHO npeﬂe6pe%, TO [oJlyyaeTcAa

ay) Qg0 (Zoh'
Yy = (7)
20 \Taa/ 11

Loty =

20

(unpgerc Il orHOCUTCS KO BTOPOMY ONKTY).
ComocraBass (2) n (7), HoJlydaeM MCKOMHE pPe3yJibTaT

N lt‘,‘,(l\)a“ /x.;;,> ,
*e A — — —_— 6
a™ 75 \zy/y Klza mn’ ®)
.
G228 () o
20 \Zog/1 \Tog/ 11

3HaKH OPHOJMKEHHOIO PaBeHCTBA B 3THX BEIDA/KeHUAX HAllOMEHAIOT O cJie-
JIaHHBIX JONYIMEeHHAX.

TTosoKuM, K IpHUMepy, YTO Pedb HAET O TPALYHPOBKE 3JEeKTPOMEeXaHMICCKUX
npeoGpasoBaree-reHepaTopos, B 9YacTHOCTH MuKpodoHoB. B Takom ciydae
Ha BXOJHOH (MeXauudecKOH) CTOPOHE MBI MO)KeM BHOpaTh B KadecTBe HepeMeH-
HHIX: Z;=p —— JaBJIeHMe; §j;= V — 00GBeMHAA CKOPOCTh, a HA BHXOTHOH (BJeKTpH-
q9ecKoi#t) cropone: z,= U — HaUPAKeHHe; jj,=i — TOK.

CoopoTHBIeHMe CBA3M 3, OYCTh MMECT Xapakrtep 1icTod ynpyroctu. Takoro
poja cBA3b MOKEO OCYMECTBUTH IPH MOMOINM MAJO# ([0 CPaBHeHMIO C JIIMHOR
BOJIHEI) BO3[MYIOHOHM KaMepel, AAA KOTOPO#

2g="V/]p=1po/pVy,

Tae Vo u py — obpeM HKaMepH ¥ HaYaJ/IbHOC [JaBJIeHHE B Hei.

CobGerBerHO® COIPOTUBJICHHE Qgy €CTH JJEKTPUIECKOE CONPOTHBIEHUEe MUKDPO-
@033 opu 3aT0pM0)KeHHOfi MexauudecKoi gactu. Eciu K MnpuMepy rpagympyorca
KOHJEHCATOPHBEE MU Obe303JICKTPUIECKHEe MHKPO‘bOHbI, TO CONPOTHUBJIEHLI€ MOIKHO
CYUTATb E€MKOCTHBIM

ay,= 1/ I)C().

HopcraBaasa Bce oTh 3HaveHMA B (8) # (9), MONYyIMM JJisi paccMaTPUBAEMOro

4YacTHOro cilydaa
5 Vl) (Ua <Ul;>
“a= 9p,Cy Ub,)l U’ (10)

o Ve Ub) <U5>
Ab—YPOC()(U(Z \Ue/11” (4

B TaroM sxe Buge oTm QopMyns maHu B paGorax Mar-Jlmia u Kyka. Hy:xso
3aMeTHTh, 9T0 MaK-JIMH BmEET B CBOWX paccymmeHdAX aiblle U PaccMaTpuBaer
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yiKe He I'DA[lyUPOBKY IO JaBACHMIO», a TPA/IyHPOBKY ¢B CBOGOLHOM WOJCH, TpuK-
TyH aKYCTHUECKYIO CHCTeMy Nepefaun Kak npeobpasosaTeib. ITy cnenudmaeckyio
npo6IeMy aKyCTUKA MBI 3jjeCh 3aTparmpath e OymeM.

3AMEYAHUA

O HOHATHH CONPOTHBICHILH

TepMuH @ HOHATHE (CONPOTHBIEHUE» 3aMMCTBOBAHLL B3 00J1aCTI DJICKTPOTEX~
puxu. B 067acTH MeXaHHUKM, B 9aCTHOCTH B TCOpHHM KOJeGaHWH, 9T0 LOHATHe
1OIYYMIO UPH3HAIKE ¥ MAPOKOe NpHMeHeHMe JHWIb lIefaBHO MO moauily pabor-
HEKOB IPUKIANHOM AKYCTHKM, NEPEeKMHYBIIMX MOCT MEMIY BIEKTPUICCKEMH W
MeXaEHYeCKAME XKolebanumamum. IIpeJcTaBUTeNN KIACCHIECKOH MeXaHHKU OTHO-
cATCA ¢ OpenyGerKieHMeM X TEPMHHY «CONMPOTHBIEHHEY, TAK KAK [IA HUX B 3TOM
TepMAHe CIKINIATCS OTIOJOCKW [aBHell IMCKYCCHH, He MMEHINeH HUKAKOLO OTHO-
meHHsA K COBPEMEHHOH KOHIENOHM COMPOTWMBJIEHUSA.

ToMcoH u T3T B CBOeM H3BECTHOM COTHHELME THCAIM (CTp. 222):

«MaTepus HMeeT BPO)KICHHYIO CIOCOONOCTH COMPOTHBIATHCA BHELIHMM BO3-
NeWCTBUAM, TAK 9TO BCAKOE TeJO, IOKA OHO MOMKET, OCTAeTCs B IIOKOEe HIH [BH-
JKeTCA PABHOMEDHO U0 OpAMOHl aumum».

MaxcBean 3aMeTHI O 3TOMY IOBOAY:

«JleHCTBATENBHO JNU MaTepHs HMeeT KaKylo-uubynas, 6ymgp TO BPOMEEHHYIO
uiau 6aarompuoGpeTeHHYI0, CIOCOOHOCTH COMDPOTHBJIATHCA BHEIIHAM BO3HeHcT-
BuAM? PasBe BesKkas cuia, nefiCTBYIOINasi Ha TeJO, He IPOH3BOJHMT BCErJa B TOY-
HOCTHM TO H3MEHEHWe B [BHKeHUI Tejxa, KOTOPHM OIpefesisiercs 3HAYCHHe CHIH,
Kax TakoBo#? CireryeT au 0OBHHATH YAMKY 9asi B 061aJaHEE BPOKIEHHONR CIOCO6-
HOCTBI0 CONPOTHBIATHCA HOACIANMABAIONIEMY BIMAHMIO CaXapa NOTOMY, 9TO OHA
YIOPHO OTKA3HBAETCA CAENATHCA CIAZKOM, eCIM caxap B AeHCTBHTENLHOCTH B Hee
He IOJOMEH?»

910 saMegaEme MaxcBelna 3aCHy’KUBaeT BHUMAHUSA, TAK KaK OHO 9acTO BOC-
IPOH3BOAUTCA B PABIMIHHX COIMHEHEAX U TO CHX HOpP. MakcBesn, KOHEYHO, mpaB,
YTBepKAasa, UTO CHIA H3MEpPAETCS CBOMM MeHCTBHEM, HO HOCHefHAA ¢pasa CTOHT
B OpOTEBOpEYNE C OTEM yTeepikgenmeM. OHA IpeAHoONaraeT, 9T0 OLIOHERTH
BoO0mIe HrHOPHEPYIOT B3AEMHYIO CBA3hH SIBICHHH.

YTo6El pazoGparbcA B 3TOM, HEOOXOAEMO MOFCIINTD HAalle TellepemHee MOHM-
MaHHe BOIpOCA.

BBofs NOHATHE «COIPOTEBICHHAEY, MKl B CYIIHOCTH JaeM JHIb KOJAIeCTBEH-
HoOe BHpaKeHWe TOH caMoi MPHIMHHON CBSI3M, O KOTOPO# rosopuT ¥ Maxcsei.
HaGmogas HeKOTOpoe sSBIEEWe, IIPOABJIAIOIIEeCA BO B3aUMO3aBHUCHMOCTH JBYX
BEIWYUE, MH MOKeM KBaJTEQUIHPOBATH OJHY K3 B3THX BEJUIAH KAK NPUYMHY,
a Ipyryn — Kak cleicTBAe. MBI ycaoBIMBaeMCs Ha3HBATh CONPOTHBIIEHEEM OT-
HOIIeHN®

z=2z/y,

re r — KOJNYeCTBeHHAA Mepa LOpPHIMHH; y — CJECTBHA.

CornacHO 5TOMY ONpefeNeRA0 A IOJYIeHMS SaJAHHOTO CHSACTBHAA HYKHA
gpnumHa TeM Goxbmas, 9eM GoJbINe CONPOTUBIEHHE, MM JAEHAA IPUYMHA IQ-~
po’KfaeT ClefCTBEE TeM MeHbINee, 9eM GOJBING CONPOTHBIGHHS.
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B jeKTpoleXHUKe 3. A. C. KBAAEQUUHADPYIOTCA KaK HPHIBHH, a4 TOKH —
KaK clIelcTBUA. B Mexammke cHia TPaRTyeTCA KakK NPHYAHA JBHKOHESA, & T2 MAHN
unas KMHeMAaTHIeCKAs BeJTMINHA MOKET PacCMaTpABAThCA Kak caegcrsme. O6me-
NPUHATHM SBJIAETCSA ONMCaHHe JBYKEHMH HOCPEJCTBOM CKOPOCTEH, TaK 9TO Me-
XaHUIECKOe COODOTHBJIGHHE OlpefieJIATCA KaK OTHOIEHHEe CMJIH K CKOPOCTH.

Tax mMEPOKO NOHHMAaeMoe OIpeleJieHHe CONPOTUBJIEHHS MOMKeT OHTh, Ode-
BHJHO, OPAMEHEHO K JIOOHM QU3IYECKHEM ABJCHHAM, YTO MH M JeJajid B HamleMm
13JI0/KeBMH.

A Temeph BepHeMCA K MaKCBeJJIOBOIi yallKe 9asa If Mompo0yeM ompefeimTh
ee compoTuBieHue. fIBJeHUe COCTOMT B TOM, 4YTO Yall feJaeTCA CAagKuUM, ecad
B HCTO DOJIOuUTh caxap. IIpuamna cocTOUT BO BHeceHMA B Jait caxapa; KOJHEIeCT-
BeHHOH MEPOH MPMIMHEL MOMET CAYMKUTh KoJdudecTBo caxapa. CleAcTBHe COCTOHT
B NONYICHAM CJHALOCTH; KOJHYECTBEHHON MEPOil C.I¢/CTBHA MOKET CAYKUTH KOH-
LeHTPaU®MA caxapa B pacTBOpe, BmpaskenHnasi B z/cx3. Pasieaus, corsacHo 06-
1IeMy ONpeNe/]eHHIO, KOJMY9eCTBO caXapa Ha KOHIEHTPALHUi, HOXYYEM, 9TO CO-
NMPOTHBJIeHEMe JaIKA 9asd MNOACIAlIMBAIOmeMy JeACTBHIO caxapa oONpefe’asercA
ee oObemoM. MimredCKHMEA CMBICI JTOTO pe3ysabTata He TpeGyeT KNMMEHTADHEB.

O mceBnOB3aUMHOCTH

Opunodn B3aEMHOCTH TPUAONKHUM K O0paTHMEAM (QUBRYCCKUM SBIEHHAAM.
IIpuMeHATENbHO K HEOOpPATHMEIM IIPOLECCAM Hedb3st B oflmeM CMEICJIe TOBOPUTH
0 B3aMMHOCTH.

OfHAKO CYIIECTBYIOT COOTHOLOEHNS, KOTOPHe, MMes BHEMHIOKN GOpMY B3amM-
HEIX, He 00pasyT TOYHHX PABCHCTB, TaK KaK BHpa’kaeMasg MMM BSAMMHOCTL
He JeKHT B OPHPO/ie Belle#l, a OMPe/ieiisieTCA CJAyJadnbMy 00CTOATENBCTBAMH.
TaKOro pOfa COOTUOLICHHMA MOKHO HA3BATb ncegdosadlLmHuMU.

IlceBnOB3aMMHKE COOTHOLUGHUA MOTYT HONYYMTLCH H UPH PACCMOTPEHME
3aBeloOMO0 BeoOpaTHMHIX sIBJIEHHH.

BospMeM K DpEMepy BHJeJeHHe JHKOYJeBa Telsia OPE OPOXO0XKAEHEHH TOKa
00 NPOBOJHAKY. JTO — THHHYHEHNE HeOGpPATHMHE Hpomecc. 3HeCh BOSMOKEH
TeM He MeHee MHTEDECHHE ICeBIOBSAMMHLIE COOTHONIEHMS, KOTODHE MH Ceifidac
H BHBeJeM.

Haopsmedre Ha CONPOTHBJIEHHEH PaBHO

U =ik, 1
a BHIeJAEMOe B eJUNUIlYy BpeMeHn Telo
Q=i (2)

HPOAHOJIEII‘&H, 9TO0 TeMJIOBOX npouecc oﬁpamu B TePMOJJLAMATECKOM CMEIC]IE,
BBeJleM NIPOHM3BOJAHYIO BHTPOIIHIO IO BpeMedu

S =0Q/T =i?R|T. (3)
HaiieM IPOM3BOAEYI0 § N0 TOKY B H30TEPMEYECKOM DEHHMe

(0S/0i), =2iRIT. (4)



Bepuemes: 1 (1) u monoxuM (KAK OHO H €CTh HA CaMOM Zele), 9T0 COOPOTHAB~
Jeiide 3aBHCHT OT TeMOepaTypH. Ilpomssonmas HAaOpsIKeHHA IO TeMIlepaType
1pu TOCTOSHHOM TOKe OymeT

(AU[9T); = idR/dT. )

Ecan sasmcaMocth R(T) MoseT GHTh LpeACTaBleHA JImHeRHO# dymkuued
Ry
R= Ty

(s GOMBMMHCTBA WWCTHIX MeTaunos B uuTepsame 0—100° G ar0 mpubaman-
TeNBHO BEPHO), TO (5) NpUHEMAaeT BUL,

(0UJoT);=iRyT. (6)

BadurcApoBar Temeph B 06OMX ONEITAX HadaJbHHeE 3HATEHUA TOKA (i=iy)
n remueparypet (T'=1T,), noxyamm (4) u (6) B BHUAe

a8 ioRy (/0UY  _ iRy ;
r)i)isio =275 37 )ime, =Ty - (7)

9T KB COOTHOMeHHs mnceBroB3aumMus. HKoadduumerT mpu NpaBod TacTu
BTOPOro paBeHECTBA 3aBHCHT OT BuAa Qymkmumm R(T). Om Moxer GuTb U Goabme
1 MeHBINe HYJS W, B 9aCTHOCTH, PaBeH Hymo, Eciam G sasmcmmoctb R (T') Grna
KBaJpATUYHOM, TO MK IOJXYIHIZ GH TOYHOE PaBeHCTBO 00eHX TACTHHIX NPOMBBOM-
HEX, 9TO, OLHAKO, GBUIO OH JAIIb CIyYaiiHEM cOBHageHueM. ME MOJKeM BHIACATE
caegyromuae (B o0meM copasefiuBie) AnddepeHNEANLHEE BHPAKOHHA:

dU = (3U[9i)p di + (dU[dT); dT, dS = (08 dt)p di + (U [aT); dT,

HO0 y HAC HeT B MAHHIOM CjIyYae HAKAKEX OCHOBAHEH yTBeDPKAATh, ITO HAKPECT
pachoyoeHEse Ko3dPUIUeHTH DAaBHH; KAK MH TOJBKO 4r0 yGemmimcs, 0HH,
BooOme roBops, MeHCTBMTENBHO HE PABHHL.

Urtak, MH uMeeM IpPEMep, B KOTOPOM PaccMOTpeHMe OPMHINUINATIBHO Heobpa-
TAMOTO SIBJEHAS HPHEBORAT K 3aKIOISHHMI0 O CYMECTBOBAHNE DEBEPCHBHOCTH,
X0TA OH W He YIOpaBJIAEMOH TOYHHIMM B3aHMHEIMU COOTHOLICHMAMH.

Hymxro mo6asmrh, 910 moAoGHOrO poAa SAEKTPOTEPMEUECKHME Hpeobpaso-
BaTelb MCHONB3YeTCS B TeXHEKe AiIA paboTH B 000UX HANPaBIeHHAAX.

B axyCcTMYeCKMX HBMEPEHHAX MPHMeHSAETCS mepMOPHoH, TPeNCTABIAIMIMM
€000l TOHKYI0 HPOBOJIOYKY (WA JEHTOYKY), HarpeBaeMyi TOKOM 3BYKOBOi gac-
TOTH, HAJOMEHHHIM Ha NOCTOSHHEYI COCTABIAIILYI0 ToKa. IIpm mpoxosxmeHmu
TIePEMENIOT0 TOKA BO3MHEKAET COCTABJIAIOIMAA TeMIEPaTypH, a CJIEeROBATEJBHO,
II IepeMeHHAs COCTAaBJIAIONAA AABJEIMA OKPY;KAlouWero IPOBOJOYKY Trasa.

C ppyroff CTOPOHH, E3BECTEH mMenaosoli mukpo@or, UpefcTABIAIMER coboil
TaK/Ke TOHKYI0 IPOBOJOYKY, HarDeBaeMyIo ITOCTOSHHHIM ToKoM. IIpm Kosebanuax
BOBIYXa OKOJO MPOBOJIOYKM OHA NEPHONHIECKM OXJIAKNAETCS W CONPOTHBICHNS
ee COOTBETCTBEHHO MeHAeTcA. B peaysabraTe STOF0 BO3HMKAaeT IepeMeHHAS
cocTaBiAMas WNaNeHHA HAOPUKeHHs HA INPOBONOUKe. [lns yBenwdeEmsi
YyBCTBUTENBHQCTE TEILIOBOH MHKDOPOH BKAIOIAOT OOKHYHO B ORHO M3 mIed
MocTa YHTCOHZ, A HHJMKATOP — B JUATQHAJE MOCTR,
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Bce, 9T0 B 060uX ONMCAHEKX MPAGOPAX OTHOCHTCS K B3aMMOMEHCTBHIO 9j1eK-
TPHUYECKOH 1t TeDJIoBO# CTOPOH (He Kacasch MeXaHiKil IPUJICTailoOMEero K Harpe-
BAaeMOMY 9JEMeHTY rasa), MCUepOHBAIOIUM 00pa30M OINCLIBACTCH COOTHOLIC-
nusamu (7).

O auHedHBIX M HeAMHeHbIX sIBIEHMAX

B cymHOCTE roBops, BCe U3BeCTHEe HaM pU3lYeCKue ABJEHMUA B JOCTATOYHOM
AManasoue u3MeHeHHA NepeMeHHHX — HeJMHEHHH, T. €. OIHMCHBAIOTCA HeJIHIeii-
LMY QYUKIMOHAABUEIMIL 33aBUCUMOCTAMII.

Te auneilHsle 3aBUCUMOCTHM, K KOTODPHIM MBI npuderaeM AJA ONICaHHA geii-
CTBUTEJILHOCTY (HANpuMep, 3aKOH XyKa), NpPEACTaBJsIOT CO00M HpHOIUIKells,
HICAIM3ANUI0 peadbHblX cooTHowenii. Bonpoc o gomyctumocTu Takoll upea.n-
3aIMU JOJIKCH PeluaThesl ¢ KOHKPCTHBIMII LUdpaMi B PyKax I ¢ ACHHM IOHHMA-
HifeM Ha3HadYeHus anmapaTa, B KOTOPOM HCHOOAB3YIOTCS! Te MM MHBE ABJICHHA.

Mu MOeM BHIIENNTH ABa KJacca ABIEHHII, pasjudds He MO NPUIHAKY JM-
HeJHOCTH I HeNWHelHOCTH, a IO NPA3BAKY JeTHOCTH MU HEYeTHOCTH (YHKIHO-
HAJIBHOY B3aBMCMMOCTH, ONMCHBAIOMIEH NaHHOe SABJEHHE.

IIycts apryMeHT 910t 3aBHCUMOCTH €CTh z, @ QYHKIMK ¥y, TAK UTO pe3y.abTaT
OILTA BHIPAXKAeTCA KaK

y=/(z).
Ecau

f (I) = _-f (’—'I)!

TO beHKllKH MO’KeT OBITH npefcTaBjieHa CTeNeHHHIM pPANOM OO0 HEYeTHHIM cTeme-
HAM

y=a,z 4 agz3 4 asr’ + ...
U DepBHIM IpHOJIEKeHHeM 3TOE (GyHKUWE OyfeT JuHellHag 3aBHCEMOCTb
Yy =az.
f(z)=f(—2),
TO QYHKOEA MOMeT OHTH NpPEACTaBlIeHA DAZOM IO YeTHHM CTeIeHAM
y=a,r2+auxt4 ...

(ZOCTOAHHYIO COCTaBAAIONYIO a, MEL OTOPAcHIBaeM, TaK KAk OHA He HPejCTaBJAET

HHTEepeca ¢ TOYKM 3pelust mpumenenitit). Ilepsrm mpubaikeliieM GyuKIy B gau-
.

HOM cjIy9ac ABJISAETCA KBaJpPaTHYIHAA 3aBHCHMOCTD

Ecau xe

Y= a2,

Taxum 0GpasoM, ecim B HePBOM CIyd9ae MOKHO TOBODUTH O JHWHeHAHOH 3a-
BACUMOCTH, KaK O IePBOM HpPHGJIKEHMH, TO BO BTOpOM ciydae o6 stoM Boolime
He MoykeT OHTH u pean. Cramo GHTH, KOTAA Ha IPAKTHKe FOBOPAT O JUHEHHX &
HeJHHEEAHBX ABJIEHAAX, TO Jalie BCero NoApasyMeBakT KOPEHHOE Pa3Indue MemKLy
HEYeTHHMY U 9eTHHMHE ABIeHUAMH, COCTOAIIEC B TOM, YTO HePBHE MOMKHO, a BTO-
PHe HeJIb3A ONMCHBATL NPHUOIIDKEHHHMHU AliHeiiNbiMM 3aBHECAMOCTAMM OKOJIO
sgagenua z=0.

199



Jluneapusauusi HeJMHeHHON 3aBMCHMOCTH COCTOHMT B BhOOpe pabodedl Toukn
HA XapaKTepPHECTHKe

y=7f(x)
TaKUM 06])&80M, ‘IT06H B OerCTHOCTﬂX 3TOH TOYKH IpoHu3BOgHAS

y' =dy/dz

MeHSIaCh IO BO3MOKHOCTE Majo. MHage roBops, BHOUpAT paGogyio TOYKY Ha
OPAMOJMHEAHOM yJacTKe XapaKTepuCTHKH. IIpH 3TOM He ClefyeT ymyCKaTb m3
BH/IA U KOJHMYeCTBEHHHE COOTHOIIEHUA, T. €., TPeOyAa MOCTOARCTBA NPOR3BOXHOM y’
B H3BECTHHX [pefe]aX M3MeHeHMs z, HYKHO OJHOBDPEMEHHO CTPEMUTBCA K TOMY,
9To6N a6CONIOTHAS BelEYEHA IPOU3BOAHOM Ohna Hamboabmeit. [pyrumu cio-
Bamu, Halo BHOMpaTh pabouyi0 TOYKY MOCpPeSd He TOJBKO Haubojee mpsmMoro,
HO # HamboJiee KPYTOro Y9acTKA XapaKTePMCTUKA. ITH TPe6OBAHUA HEIPOTUBO-
peuuBH. BoJbIIOe YUCIO OMEITHBIX 3aBucEMOCTed mmeer meperu6. BriOumpas pa-
6ouywo Touxky Ha meperube (T. e. mpu y’’=0), M OOHYHO HamIy9muM 06pasom
yaosieTsopsem o6omm TpeGoBauusaM. Ecau 66 dyHkumA OGblia IACTO KBAgpaTHI-
HOH, TO MH HMejHd OH

Y = ayr2, y' = 2a,z, y” = 2a,,

4 paGoyyio TOYKY BHIOAUO BHOHPATh IPH KaK MOKHO OONBIIUX BHAYOHMAX I,
TAK KaK C BO3pAaCTaHWEM z KpymusHa NapaboiEl HApacTaeT, a Kpueusra yOHBaeT
HEOTPAHUYeHHO.

BropoueM, B [eACTBHTEIBHOCTE YUCTO KBAJApPATHYHHX 3aBHCHMOCTeH He GH-
BaeT, TaK JKe KaK M CTPOro JMHeHHHX; BOIPOC O BHOOpe pabodueil TOYKH HPAXO-
JAWTCA Ha IPAaKTHKe 3a4aCTYI0 pemaTh OpH IOMOIIM IpadUKOB 3KCIEPHEMEHTANbHO
OOJNYYeHEHX XapaKTepHUCTHK.

O TepMO3IEKTPHYECKO eMKOCTH

TexHEKa AaBHO ye OpHOeraeT K BHECEHHIO B 3JIeKTPHYECKW® IeNH KBEBA-
JeHTHHX IapaMeTpoB, OOYCIOBIEGHHHX ABIeHUsAMHA Opeo6pasoBanumsa. Boabme
BCEro IpHMeHsAeTCH 3JIeKTpOMeXaHHWIecKoe mpeobpasosamme. H Hemy o6pa-
IIATCA: KOTQa HY/KHO IOCTPOMTH OPOCTYIO aBTOKOJEOATeIbHYIO CHCTEMY (MHKpO-
dormm#E 3yMMep), Korja TpebyeTca GOJBIOe IOCTOAHCTBO WACTOTH 3afaiomeil
CHCTeMEl TeHepaTopa (KaMepTOHHHIE reHepaTop, KBapneBas cTabmimsanus mepe”
AATIAKOB) WM KOTHA TPeOyeTCsA MOJYIMTh BeChbMa Majoe 3aTyxanue Ges 0GpatHOi
cBA3M (dMEKTPOMEXaEMIeCKHe (HIBTPH BEHICOKOH CEJeKTHBHOCTH).

Ho, xpoMe ameXTpoMeXaHHYeCKOTO HpeoOpasoBaHWsA, BO3MOMKHE M Apyrue
BH[H IPeo0pa3oBaHMsA, W HMCIOJb30BAHHE WX MOKET IPEICTaBHTh B HEKOTOPHX
cIy4asX HMETEpec.

Weorpa Tpebyercs COCTaBHTh AaNEPHOAMYECKYI0 [eOb C BechkMa GoJbIIOH
OOCTOAHHOR BpeMeHH. B Apyrux caydasx HeoGXOmuM KojeGaTeldbHEE KOBTYD
¢ BechMa GOJNBINUM mepHOAOM. BO BCeX BTHX CIyYasgX HYKHEL 60JBIIN® OMKOCTH,
a mpobieMa KOMIaKTHOTO KOHAEHCATOpa GOJBINON eMKOCTE NIA Neded mepeMeH-
HOTrO TOKA /I0 CHX NOpP He pelleHa (3JeKTPOJHMTHISCKAS KOHAGHCATOPH pPaGoTaioT
TOABKO HOJ DOCTOAHHEIM NOAAPHUBYIOMIAM HANPSIKEHHOM).
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BcoomMeaM, 9TO BXOAZHOE CONPOTHBJIEHEE NEUH, conepmameﬁ TepMonapy, BH-
pakaeTca CIeRyomuM 06paaou:

72 1
Z=ZO+T.p—cl,T—_{'

HsonmpyeM TepMONapy B TEMIOBOM OTHOMEHAH TaK, Tr06u 6rto x=0. Toraa

1
pe, ~ 20T R
Ileno 06CTOAT COBEPMEHHO TaK, KaK ecad OH B 1enb GnJIa BKJIKYeHA HOCTe-
AOBaTebli0 €MKOCTH

n2
Z=Zo+7F"

EMKOCTL 2Ta MOKeT, IOHATHO, OHThH CHeslaHa CKOJb YrogHO GOJbMIOR myTeM
mopbopa map ¢ MajasM xo3¢dmumenToM IlenpTe U MyTeM YBEIMYEHHA TEILUIOEMKO-
CTH HapH c,.

VYcaosne x=0, KOHEYHO, He MOKeT OHTH BHIOJHEHO B TOYHOCTH, TaK KaK
TEeIJIONPOBOJHOCTH OHpefielAeTCA B NEPBYIO O9epeNlhb TeILIONPOBOAHOCTHE) IIPO-
pomos. Ilpm aToM cucreMa BefteT cefs Tak, Kak ecyim 6H eMKocTs C’ 6Hia IIyBTH-
poBaHa CONpPOTHBIEHMEM

R’ = “LT/‘K:Z‘

PazsmBas HpeJCTaBIeHAA, CBABAHHHE C NPHBHECEHHKMHA B 3JEKTPHYECKYIO
Oemp IapameTpamMé, OGYCIOBJCHHHMM TeMW HJA WHHMH OpeoGpasoBaHMAMH,
MOKHO CTaTh Ha TY TOYKY 3DEHHEA, 9TO ¥ caMasd oOWUHas EEIYKTUBHOCTb He eCTh
CoBCTBOHHO BIEKTPHYECKMA mapaMeTp, a SKBHBAJEHTHHH HapaMeTp, NPHBHECEH-
HEIA B 3JIeKTPAIECKYIO OENb B Pe3yJbTaTe B3AWMHOTO NPeo6pa30BaHEA BIEKTPH-
9ecKOX ¥ MarHUTHOH dHEPTHHE.

o noBoxy YHAHOXAPHOH MAaIITABHI

VerpoiicTBO TaK Ha3HBAeMOH YHENOJIAPHOX MAIIRER DOCTOAHHOTO TOKa IO-
KasaHo cXeMaTWwUeckm Ha puc. 3—4. Ilmnuanpwyeckmit pOTOpP NPOHABHBAETCH
[OTOKOM, HANpPaBJEeHHHM NApajienbHo och. Tok HOABORMTCA K BAaly ¥ BOSBpA-

Puc. 3—1

maeTcs K ACTOYHEKY Yepe3 METKY, CKOAb3SIMYI0 N0 GOKOBOH MOBEPXHOCTH POTOPA.
JImags TOKA BHYTPE POTOpA MHCIHTHBAET dIeKTDOAHHAMHIECKO® BO3[EHCTBEE
mo saxory bmo-CaBapa, W POTOD HPHXOAET BO BpamieEme.

Nmea ofmee mpefCcTaBIeHde O B3AWMHEIX COOTHOINEHHAX, KOTOPHMHA OMHCH-
paroTCsA ofpaTmMie PE3MUECKEe ABIEHEA, MH Go3 KojneCaHmd GyneM yTBep:kiarhb,
qT0 MamIEEA peBepcHBHa. T. ¢. Oyzer paCoraTs W B KadecTse remepatopa; Gomee
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TOTO, OTHOIICHME DA3BMBAeMOM €0 5. . C. K YIVOBOH CKOPOCTH poTopa Gymer
B TOYHOCTH PABHO OTHONIEHHIO BpamIalOM{ero MOMeHTA K TOKY HpPH paGoTe B Ka-
gecTBE MBUTATEJNIA.

JeAcTBATeNBHO, MANIMHK DONOGHOTO poOfa CYMECTBYIOT ® HeRCTBYIOT.
OgeHp JNIOGONKTHO, OfHAKO, YTO NPWHIWIAAJNBHAA CTOPOHA [ella BHIBEIBAET
nrorga comnenus. Tak, manpumep, B o0mMen3BecTHOH «IIEKTPOHHOM Teopmmy
Bexkepa [8] ckaszaHo, 910 meficTBHe YHMIOJAADPHOH MANIMHH B Ka4eCTBe IeHepa-
TOPa MOKeT ORITH 0GBACHEHO TONBKO C TOYKA 3PeHHUA NPUHIMIA OTHOCHTEILHOCTH.

3T0 HemopasyMeHme: AeHCTBHEG YHUIIOIAPHOHR MAIIMHEL MOFKHO BHOJEHE HCYep-
OHBAOIMIM 06pa3oM OGBACHATH, He NPMBJIEKAS NPUHIUINA OTHOCUTEJBHOCTH X
0CTaBasACh B DPaMKax KJaccHYecKo#é smexrpogmEamuku. HaM Her HYKIW Bha-
BaThCA B 3TOT BOIpPOC mOApoGHee.

IIo noBony spderra Benmenmrca

Paccympuerua mo Bompocy o6 srom sddexre, mpmBefeHHEE B «PH3HKe Me-
TanaoB» [6], KaXKyTcsr HECKONBKO I'DOMO3IKUME W He BIOJNHE YOequTeJbHEIME.
Tax, craBa BeHemKCy B BUHY TO, 9TO OH MEITAICA MEPUTH TepPMO-3. [. C. radbBa-
HOMETDPOM, NodeMy 0. M. C. HeJh3d MEePUTh AOCTATOTHO TYBCTBUTEJNLHEIM TallbBa-
HOMETPOM ¢ AOCTATOYHO GOJBIINM HOGABOTHAEIM CONPOTHBIEHHEM. IT0 06CTOATENE-
CTBO MOKHO, NO-BHAMMOMY, OGBACHETb, OCHOBHIBAACh HA KpaliHe OPOCTHX
cooOpaKennsx.

dodext Tomcona cOCTOUT B TOM, ITO OPM MPOXOKACHAR TOKA IO OPOBOTHMKY,
B KOTOPOM HMeeTCA TPafdeHT TeMIepPaTypH, BHEIFeNAeTcH (MW IOrJOmaeTcss —
apdexr HeweTeH) HeKOTOpOE MOMONHATENBHOE KOIMIECTBO Temna. OGpaTHH
apderr — sdderr BeHeamrca — HOMMEH COCTOATH B TOM, 9TO OPH IIOBHIIGEHH
TeMIepAaTYPH OPOBOAHHKA, B KOTOPOM YiKe MMeeTCA HeKOTOPHH TeMmeparypHEIf
IPafUeHT, NOMKHA BOBHAHKHYTH . A. ¢. IlonHas BenmumHa TOMCOHOBA Temia BH-
9UCIAETCA WHTETPHPOBAHWeM 10 JJiMHe NPOBORHMKA. lIpm sToM rpapgument
TEMINEPATYPH BXOAHUT B K. I, HO ABAAeTcA GyHKIued Mecta. AHANOTMIHO MOJHAS
PasHOCTh MOTeHIMAJla WIU TIOJNHAA 3. . . A1a spdexra Beneauxca momyamres
NyTeM MHTETPUPOBAHNA BRIDAJKEHHS BHAA

T
AU =bT, 3 dl,

rge T; — obmee npmpamerue TemmepaTypsl; dT'/dl — rpagmenT TeMOoepaTypHl;
dl — 3neMeHT [IMHK NPOBOJHUKA.

Ho ecnm Mur 06pasyeM 3aMKEYTYIO Nellb W3 MeTALIMIECKEX IPOBOJHEKOB, TO

ar

S a dl =0,

TAK KaK I0CTe 06X0fa meNA MH BEPHEMCS B HCXONHYI TOUKY. CiefoBaTeabHO,
NPEMEHATH TalbBAHOMETD JUIA H3MePeHNs GeHeIUKCOBOMH B, . C. Helb3A He MOTOMY,
970 A STOM TOK He PaBeH HYMO (9T0 BOBCe He Genia), a MOTOMY, 9TO WpH JIH0-
oM pacnpefielleHNn TeMIePaTyPH 3aMKHYTOR ey U3 0603 OMHOPOTHOM CHCTeMET
IPOBOJHEKOB M CAMOTO TANbLBAHOMETPA 3. . C. €CTh TOMKAECTBOHHEIA HyJb.
B oToM CMEICTe W CIIEAYeT MPUMENATH K JATNOMY caydaio 3akoH Marmyca,
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O npeoGpazoBarene, XeHACTBYOIIEM TOXBKO
B O/{HOM HANpaBIeHHH

dHepruA MOsKeT Hpeo6pa3oBHBATLCA M3 OANOTO BUAA B APYroil Ha OCHOBE
pas3anYAKX ABJEHUH, OpHYeM MOKeT OKasaThbCA, YTO [NJIS OLHOTO sIBJIeHHA 3HAKH
OpH B3AHMHHIX 9I€HAX MCXOAHHX YPaBHEHWIl MO.YyYaloTCA OXMHAKOBEHIMH, a JJs
APYTrOro — Pa3HBIMH.

I3 sToro BHITeKaeT 3aMedaTegbHas BO3MOKHOCTH TOCTpOeHUs mnpeobpaso-
BaTeAs, COBepINAKOIEro NpeoOpa30oBaHMe TOJABKO B OJHOM HanpaBleHUH, —
B [POTHBOLONO/KHOM HANpPAaBIEHHM DHEPLUS BOOOGUIE ie LPOXOAMT. JTA BO3ZMOK-
HOCTb YKazana 0. B. KoG3apeBsiM; cMy He IPHHALNEKAT ONUCAIIHAS HU/KE CXeMa
BRITOJIHEHUs NpeolpasoBarTessi ¢ TAKOTO POJa CBOHCTBAMH,

g— ———
. _ r . ;
e 3o Ui, ‘.9/1. Juw.| Fu | da-cm Uy iy

CocraBuM [JBYKpaTHHE mpeofpasoBaTelb H3 3JEKTPOLHHAMHIECKOTO K
9JIeKTPOCTATIYECKOr0 3BeBbeB, COAMHEHHHIX MeXaHHYeCKUMZA dacTAMH. Takod
npeo6pasoBatenb GymeT HEMeTh HIEKTPHIECKUA BXOJ, U 2JeKTPHICCKUH BHXOR

(puc 3—2).
Ina 3JeKTpOAMHAMAYECKOTO 3BeHA ypaBHeHus nMeoT BHMA (2.1.5)
U,=2yi, — Blv, F=DBli; 4 3. (1)
Jas aieRTpocTAaTHYECKOTO (IMHeapW3oBaHEOro) 3sseHa [eM. (2. 1. 20)]
9 . 9 1
F=3OU—|—FI?_, U2=F=pcozg. (2)

Jlaa opeobpasoBaTensa B HeJOM HOJyYEM OO mpapmnam § 12 raass 1, cauras
3 OOIMEM COGCTBOEHRIM MeXaHMIeCKHM CONPOTHBIEHEEM 060X 3BeHBOB

Ul = Zuil — Z12i2, Ug =Zgyi;+ Z22i2, (3)
rie
9% BIl3,
2y, =Zy— B22[y; 222=1/Pco—;,‘ig) ; Z12=221=7,8_0- (%)

YpasmeHus (2) 3aMe7aTeNbHH TeM, UTO, ABIAACH YPABHEHMAMH CHCTeMH
C BJMEKTPHIECKAM BXOZOM M BIEKTPHYECKUM BEIXOOM, MMeIOT pAa3HEe 3HAKH
OpE B3aEMHHX 9jeHAX; HEKAKAas YHACTO DJIeKTPUIECKAasd CXeMa TAKWMU YpaBHe-
HUSIMA He ONUCHIBA®TCA.

Temeph INPHCOGNEEEM K TOCTPOEHHOMY JBYKDAaTHOMY IIpeoGpasoBaTesio,
IPAHABIIEMY BHOMENI (OPMY BIEKTPHYECKOTO HeTHPEXIOJNIOCHEKA, eme 9e-
THPEXIOTICHEK o 0fHOH u3 cxem puc. 3—3. Cxemsl pEC. 3—3a MOKHO Ha3BaTh
cXeMo# TapaJlIeNbHEOTO COENEHECHNSA, a pAc. 3—3B — CXeMO# TOCIeT0BATENHHOTO
COe[UHENNs JeTHPeXNOMCHEKOB. Bean o, u B, — KoaddmmmesTH McXOREBIX
ypaBEeHEE 060UX YETHPEXHOJICHEKOB, TO AJs PE3YIbTUPYIOMEro YeTHpPOX IO~
AIOCHEKA IO CXeMe a HMeeM

Yol by == a /By = Bin/ g, ®)
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a uo cxeme 6
Yix =k + Bir- (6)
OcraHOBEMCSA Ha cXeMe O, ONUCHIBaeMO# mociefHuM, 00J166 LPOCTHIM COOTHO-
mexueM. YeTHPeXIOMIOCHEUK ¢ €CTh HAM ABYKpPATHHE mpeo6pasoBaTelb, omECH-
BaeMblit ypaBHeAMAMHU (3), TaK 9T0 0;;,=2 ;. UeTHPEXTOTIOCHEK B eCTh HOKOTOPHIK
YHCTO BJIEKTPHYECKUA TeTHPEXMOJIOCHUK; €r0 YpaBHEHHA UMeIT BH[

Ug = fnir+ Bialas Ug, = Bariy -+ Basla. (7

s pe3yJibTHPYIONIET0 YeTHPEeXNOJIOCHMKA IO CXeMe 6 HMeeM, IPUHEMAs
BO BHEMaHHe (6),

Uy=(Z)1 4+ Bu1) i1 + (—Z19 4 B1a) B2,

Ug= (29 +Bu1) i1 + (Zag + Bao) i (8)
Temeps BETHO, 9T0 KOCTATOYHO BHGDATH
Bra=12,

9T00E ypaBEeHHsA (8) BHIPABHIMCEH B CIeAyOmen dopMe:

U=, Us=1T911; + Yasia, (9)

rie
m=Zn+ds 1 =2Za+TBu; Yeo=Zss+ Bos.
& D
Z
%, %]
Punc. 3—4 Puc. 3—5

VYpaseeEna (9) MOKAa3HBAKT, 910 HHEPIEA IPOXONHT B HanpaBJieHWHE OT 1
K 2 u He IPOXORET B 06PATHOM HANpABJEHHH; KAK BHIHO W3 MEpPBO cTpoxx (9),
PeIM CTOPOHH ] COBEPIIEHHO He 3aBHCHT OT sIBJIEHHH Ha CTOPOHe 2.

IIpakTEgeckoe OCYIMECTBIEHHEG CHCTEMEH BOBMOKHO B MHOTOTHCIGHHHX Ba-
pranTax. Bo3bMeM 9YeTHpeXmONIOCHMK B B BHJe, NOKA3aHHOM Ha puc. 3—A.
HAus TaKOro YHPOMEHEOro YeTHPeXNONICHMKA, KAK JerKO yOGETHCH, BCO
Bix=Z, mak uro ycuaosme B,=Z,, npunmMaeT BUR

Z =Bl30/p30.

Cxewma Bcero ycrpoiicTBa IOKasama Ha puc. 3—5. 31ech 1, 03EATA6T BIAEKTPO-
BEEaMWIecKHmil mpeoGpasosarens (my=RBI). JIBoftHaA JEEEA, COeTEHANMAN 06a
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4BeHa, u3obpasKkaer eCTKYI0 MeXalUIeCKYIO CBssb, SIBIAIONIYCA B TO e BpeMsi
HAEeKTPUIECKHM COeJUierneM.
IoxaskeM, 4To M3oGpaskenioe na puc. 3 —5 yCTpoicTBO JeACTBATENLHEHO 0013~

U,

o 2
gaet onucaHHEIMHU cBoiictBamn. CocraBuM OTHOIIEHHE o 0
1 %=

mee coGoil koadunuent npeoGpasopanmd B Hanpapiaenou or 1 k 2. Mer mmeem

, OpencTaBiIglo-

Uy— Ziy + mgp, n=§=’—’%ﬂ, ?—12;2=0=z+3"3—""%.
Jlas npeo6pasosanusi B 06paTHOM HampaBJIeHUN
U1=Zi2—mlu, U=m2i2/7h
U, 1Mty
Gy fi=0T T g
a npm
Z = mymy/§
HoJay4uM
LAY —Y
lo |4,=0

MoKHO HDOCTPOUTH YHCTO MEXAaHHIECKYIO CUCTeMY, O0JNafalomiyl0 aHaJIOTHi-
HEIMI CBOACTBaMH, T. €. IePefaloNIyI0 YHePIUIO TOABKO B OJHY CTOpPOHY. B cocras
TAKON CHCTEMHl JOJKeH BXOAUTH rupockon. OOmuX coofpakeHHH O PO TAK
Ha3KHBaeMHX THPOCKOIMYECKUX YIE€HOB B YPaBHEHWA JUHAMHOKK f He IMeI0 BO3-
MOKHOCTH KacaThCA.

O TexHmyeckux LIpUMEHEeHU X CEerHeToBOl €O

B § 2.2 yxe ykasnBaJOCh, 9T0 OOMEPNPHHATAA OPHEHTANHA KPHUCTAJI-
JMgecKoi IiacTMHKN (mOBOpoT Ha 45° BoKpyr ocu X,) He BCerga ABJIAETCA
HaWBHTOMHeNMe# W 910 BOMPOC 06 OPHEHTAIUH Cle[yeT BCSKUA pas pemartsb,
WCXO[A W3 YCJHOBMH MeMCTBUTEIHHOTO NPUMEHEHHA [AHHOTO Nbe303JIeKTpUIe-
cKoro mpubGopa.

TlocnemoBaresbHO pasBHBasg 3Ty TOUKY 3PEHHA, MOKHO NPHITH eIlle K HEKO-
TOPHIM 3aKIIOYEHNSAM, He COBUOAJAIONINM C PACIPOCTPAHEHHKIMH B3IJIA/[AMH.
9TH 3aKJII0YeHHA KacalOTCA [BYX BOIPOCOB: O TeMIePaTyPHOX 3aBHCHMOCTH KOH-
CTaHT CErHETOBOM COJIM W 00 OTHOCHUTEJHHHIX [JOCTOMHCTBAX CETHETOBOM COJH
¥ KBapna.

a. Temnepamypnas sasucumocms. IIpuHATO CUMTATH, UYTO WBE303JIEKTPHYE-
CKIe I JU3JIeKTPUIECKNe CBOHCTBA CETHETOBOM COJIM MOJBEPIKEHE HACTOJBKO Pes-
KOM U3MeHEeHWAM B 3aBHCHMOCTH OT TeMOepaTypH, 4TO HCHOJb30BaHHE Ibe30Tpn-
60pOB NIpH TeMImepaTypax BHe MHTepBaja KOMHATHHX NPAaKTHYECKH HEBO3MOKHO.

910, BOOGIIE roBOPs, HEBEPHO.

HeiicTBUTEIBHO, Pe3KHE MaKCHMyM OKojo 24° C MMEIOT TOJIBKO KOMIOHEHTH
dy4 1 ey4. OCTANBHEIE KOMIIOHEHTH KOHCTAHT d U €, & TAKKe BCe KOMIOOHEHTH KOH-
CTaHT f U £ 3aMeTHOR TeMIepaTyPHOI 3aBHCUMOCTH He 00HADYKHBAIOT. ITO 3HAYAT,
9TO YYBCTBHTEJBHOCTH XOJOCTOTO XOHa, HampmMep: MukpodoHa (g), 3ByKOCHH-
matensa (f) or TeMmepaTypH He 3aBHCHT, a YyBCTBHTEJBHOCTH TelJedoHa (d) 3a-
BHCUT OT TeMIepaTyph, MOCKOJBKY HCHOJB3yeTcsi KOMOOHeHTa d;,. Ocraercs
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BOOPOC O 3aBHCHMOCTYL OT TeMIOEPATYPH! DIeKTPUIECKUX M MEXaHNIECKUX KOHCTAHT.
Mocienume OT TeMIepaTypsl He SaBHCAT; YTO KAacaeTCA AWAIEKTPUYECKON MPOHHU-
aeMoCTH, TO TeMIOepaTypHble AHOMAINK 00HADYKUBAET TOJIBKO KOMIIOHEHTA ey,
TaxmM 00pa3oM, COOTBETCTBEHHON OpmeHTamueif MOMKHO, ecam 3TO HeoGXommmo,
JIMKBEAEPOBATH W TEMIEPATYPHYIO 3aBUCUMOCTL BHYTPEHHEr0 €MKOCTHOTO CO-
TIPOTHUBJIEHEA.

6. Cpasnenue cezremosoll coau U kKeapya. [IpAHATO CIUTATh, ITO CEIHETOBAA
conb 06TamaeT TBe30dMeKTpEIecKEM 3PQPeKTOM, pas B THCAYY OOABMEM, dem
KBapi. 910, BOOOIIe TOBOPSA, TOME HEBEpIo.

IeitcTBuTeabilo, KoMmoHeHTa di, cerueronoii coun (opu 30° C) npumepHo
B 140 pas Goubmie KOMIOHEHTH! d;; KBaplia. 1103TOMY CerHeTOBY COIb medcTBH-
TeJBHO BBITOJHCE NIPUMEHATH, YeM KBapIl, BO BCeX TeX CIydadX, KOrHa HOJNOKeHHe
ompefelifeTcsl KOHCTAHTOM d, HAmpmMep, IPUMEHUTENbHO K mbesoTededomy wiu
TPOMKOroBOpATeNI0. Ecam jKe HAC UHTepecyeT, HAOpPUMeDp, Hbe303JIeKTPHICCKHUI
mukpodoH, FedCTBHE KOTOPOrO OIpefedAeTcA KOHCTAHTO# g, TO, o6pamascs
K CPaBHEHHI0 KOMIOHEHT 9TOH KOHCTAHTHI, MBI HAXONUM, ITO gy, CErHETOBOH cONm
BCero JMmpb pasa B gBa Goiblie, 9eM g;;, KBapua. Heo6xoqmmo npu 3TOM 3aMeTHTH,
9T0 B CYIIHOCTH HENOCPELCTBEHHOE CPAaBHEHME BTUX MNBYX BeJIUYMH HE MMeeT
CMBICJIA, TAK KAaK KOMIOHEHTa ¢ MHAeKcOM 11 COOTBETCTBYeT MPOCTOMY CKaTHIo,
a KOMIOHeHTa ¢ uHmeKcoM 14 — cxBuroBoi medopmanmu. IIpu mocTaHOBKe Kpu-
CTAJIOB B ONMHAKOBBIG YCJOBHMA OyTeM COOTBETCTBYIONeH OPUEHTAIUM HCIOJIb-
ayercs Hpeo6pasoBaHHAs KOMIOHEHTA, PaBHAsA 1/,gy,, B pesynbTare gero sddexr
KBapla W CerdeToBO# COMU OKAa3BIBAETCA OXHOTO HMOPAMKA.

IIpaBpa, &;4 — He HamOOJNbIas KOMIOHEHTA: MCHOJAB3YSl KOMIOHEHTY g5,
MOKHO IOJYYMTh BHETDHII Paza B deThIpe.

Jast IpaBEABHOrO MOHAMAHUA POJM TOH WIM MHOM KOHCTAHTH HYKHO gobGa-
BETH Cllefylomiee: Korga TOBOPHTCH, 4TO felicTBMe MHKPOJoHA XapaKTepuayeTcs
KOHCTaHTO# g, TO HOAPas3yMeBaeTcs, 9T0 KPUCTANI paboTaeT B pesKuMe 3aJaHEOH
caas. [IpyruMe CI0BaMH, CIUTACTCA, 9TO AaBIeHWe Bo3feHicTBYeT MuG0 Bemocpen-
CTBEHHO Ha KpHCTanNl, Jubo gepes HOCPEACTBO MEXAHUIECKOH CHCTEMHI, COIpPO-
THBIIEHHEM KOTOPOH MO’KHO NIpeHeOpeup IO CPaBHEHUI0 C CONPOTHBIEHHEM KpH-
cranna. Ecam sxe, Hao6opor, MexaHUIeCKoe CONPOTHBIEHWE KpPUCTANJa OTHO-
CHTEJBEO MaJjo, TO OH paboTaer B DeKUMe 3aXAHHOTO CMemEHUs, W JAelicTBue
€ro B 3TOM CIyd4ae XapaKTepuU3yercsi KOBCTAETOX g.

ITo noBoay sKCHEPNMEHTAIBHOIO ONpENEeTeHM A
HEKOTOPHIX (PN3HYECCKUX KOHCTAHT

OnuE 73 OCHOBHHIX BBIBOJOB TeOpHM Hpeo(pasoBaTelieil COCTOMT B TOM, 4TO
peXuM OFHOH CTOPOBH BJIHAET Ha COOCTBeHHEe HDAPaMeTPHl APYroil CTOPOHHL.
IIpz maMepeEEEM BTHX IapaMeTPOB ClIeAyeT, BO-IEPBHX, WCXONATh U3 SACHOTO U
HegBYCMBICJIeHHOTO OOpefie/leHnA U3MePAeMO BOJIUIMHE, U, BO-BTOPHX, CTABATH
9KCOEePUMeHT B CTPOTOM COOTBETCTBHM C TUM ONPENeeHUEM.

K cosxanenmio, 5T0 03eBuAHOe TpeGOBaHUe OYeHb 9YacTO 1€ COBIIONATCA,
H pe3ynbTaTOM KPONOTJIMBOH 3KCIEPUMEETalbHOR pafoTH OKa3bIBAIOTCA Mallo-
3Hagamue KUQPH.

B ocobemHOCTH 3TO OTHOCMTCA K MeHee TPHBUAILHOMY CJIyd9al0 H3MepeHHs
KOHCTAHT Nbe309JeKTPHYeCKNX M MArHUTOCTPHKIIMOHHEIX Tel.
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uTepecHO 3aMETATh, 4TO C HABHAX HOD W3BECTHO Pa3jHYMe MEMKLY TeIlo-
CMKOCTBIO P MOCTOSHHOM 00beMe B TemJIOeMKOCTBIO I/PU TIOCTOAHHOM JABIENHH,
B KOTOPOM HOPOABJISETCS BIHAHHE PEKHMA MeXaHHYCCKOU CTOPONH TePMOAMHAMM-
qecKOTo IIpeodpasoBarTesia Ha COOCTBOHHbE TapaMETPH TeILIOBOI CTOPOHH. PaBiinim
06pa3oM H3BECTHO PA3ImIMe MeKAY afaabaTHIeCKUM ¥ H30TePMIIYECKUM MOTYJeM
yapyrocTi, B KOTOPOM OPOABIAETCA B TOM e Opeo0pasoBareie BIUAHHE DerKAMa
TemJ0BOM CTOPOHH HAa HdpuMETPH MeXaHHIECKOH CTODOHEI.

CoBepIIEHHO aHAJIOTMYHHE COOTHONMEHHAA UMEIOT MeCTO0 M NDHE B3aUMHOM
npeofipazoBaHuy IPYrAX BANOB oHepruu. Tak, Hanpumep, B bE30IIEKTPHIECKOM
npeobpasosaTesie clejlyeT pasaugaTh Ha MeXaHUIECKOH CTOPOHE MOAYNb yOpy-
rocTd 0PIt OTCYTCTBUI DJIEKTPUIECKOTO 10.18 (01peAe aIIkil YIPYyrocTh KOpPOT-
KOTO 3aMEIKAHUA) U MOLYJNb YOPYLOCTH OPI OTCYTCTBHM MHIYKIEE (ONpenenaio-
@i ynpyrocTs XO0.[HCTOLO XOAA). AHAJOLHYUEM 00pa3oM Ha 3IeKTPUYECKOMH
CTOpPOHE C.lefyeT Pasjudarh [UISIEKTPUICCKYI0 NPOHHUNAEMOCTH HPU OTCYTCTBHH
nedopMayuu (0OPeJeNANMYI0 eMKOCTL 3aKPemJeHHOIr0 KDUCTAAla) U AUdJIeK-
TPHYECKYI0 NPOHWUIAEMOCTh HOPH OTCYTCTBUH HALDSKEHNA (ONpeesAnmyo
eMKOCTb CBOGORHO AedopMupylomerocss KpHCTAJIA).

Hegepro Onlo 6 AymaTh, 970 Pedb MAET O HeCYLIECTBEHHHX HONpaBKAX,
JIe)KAIEX He TOJBKO 32 IpeflelaMd HeOOXOMMOA TOTHOCTH TeXHEHUIECKAX PACIeTOB,
HO ® 34 IpeneNaMy TOYHOCTH (PH3MIECKOro SKCIEPUMEHTa.

JloCTaTOYHO CKABATE, YTO CJIH 1A UACANHLHOTO ABYATOMHOIO Tasa ¢,/c,=1,4,
TO MJA CETHETOBOM CONM NPH OGHYHON OPHEHTANMM IIACTUHKU OTHOCHTEJBHO
TJIaBHHX oceif

ED/E9= EG/EE == 1,7,

T. . peub WfeT He O NONOpaBKAaX, a O TepBo#l 3mazameil 1udpe.

Ipmeenernast nuppa 1,7 HemoCTOBEPHA, TAK KaK OHA MOJYYeHA HAa OCHO=
BaHMU OJKCIHepHMENTAJBHHX NAHHHX, K KOTOPHM B MNOJHOH Mepe IPHIOMKHMO
BCe CKa3aHHOe BHIIIE.

Takzm o6pasoM, F6J0 MAET O BEChMA CYMECTBeHHHX BEIIAX, M CTPAIIEO BH-
KeTh, 9TO OHM IOJHOCTHI0 WTHOPHPYIOTCA B LEJIOM DAfE 3KCIePAMEHTAILHBIX
pabor.

NmxeBep-pacaeTdMK MM NPOEKTUPOBIIAK LO MeHbIIel Mepe B 3aTPyLHH-
TenpHOM moJoKeHur. OH He MOKeT OODATHTHCHA K HHIKEHEDHHM CIPABOUHIKAM
rama X10TTe, TAK KAk DONOGHBEIX Ui HAHUOW OTPACAHM TeXHUKM He CYMECTBYeT.
Ho 0H He MOKCT IOYEPIHYTH HYKUBIX eMy JIAHHHX fa)e U B COPaBOYHUKe Puam-
gecKuX KOHCTAHT. JJOCTATOYHO 3aMETHTH, 9TO B YHOTPeOETENBHOM ¥y HAaC CIPaBOY-
auxe Hoppmana m (puma OTHeN NBE303NEKTPHIECTBA BOODIE OTCYTCTBYeT,
a ycTapesEle NAaHHE® IO MACHATOCTPUKUMM NPEBENEHH B COBEDPINEHHO HEYAOBJIe-
TBOpHTENsHOM Bupe. Taxmy 06pasoM, HH)XeHepY HPHXOAUTCA 06pamaTsest K uo-
BefiIIUM OPUTMHANBHEM SKCIepuMeHTanbHEM pafotaM. Ho # smech om me maxo-
IET TOTO, 9T0 HYMKHO.

B ayumewm ciydae, IATAA MeXIY CTPOX U HO[BEPras AaHHHE aBTOPA [OMOJ-
HETeNbHOH 06pab0oTHe, MOMHO M3BNedb W3 HHX HeTTo boiee wWilm MeHee JOCTO-
BepHOe M II0Ne3HOe NAA NPAKTHKM,

TaKoe MOIOKeHNe HEOGXOMUMO B KODHE M3MEHUTb OyTeM HOCTAHOBKM 3aHOBO
OKCTIEPHMEHTOB, OTBEYAIOMUX BEICTABIEHHLIM BHIIIE TpeoBaHUAM.
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Hysxro eme A06aBETH, YTO MHOTYIC ABJIEHUS HeJUHEHHH, NpAYEM HelumHeii-
HOCTh HX CymecTBeHHA. II03TOMY Te MJIM MHHE (KOHCTAHTH» He ABIAIOTCA KOH-
CTAaHTAaMHE B HaJJejKamleM CMHICIe, H CBOHCTBA TeJa WJVM ONHITHAA 3aBHECHMOCTD
HOJKHH OTIMCHBATHCA He THCIOM (KOHCTaHTOH), a PyEKnuel (XapaKTepHCTHROR).

Mosxmo 6ro 68 HPEBeCTH PAA NPUMEPOB HAPYMeEHHs BIeMeHTapPHOTO Tpe-
GoBaHmA: TaK, cyMOyp, mapamuit B 061acTE OOpeAeseHHA YUCICHHHX 3HAYeHHi
KOHCTAHT X0TS OB TOH iKe CerHeToBO# coJm, CiaefyeT B 3HAYMTENBLHOH Mepe o1-
HOCTH 3a CYeT YKa3aHHHIX MOTO[MYeCKMX HorpemHocTed. HakoHenm, mpm mocra-
HOBKE SKCIEPAMEHTOB Heo0XOJEMO YIMTHBATh eIle ¥ APyrue (arTOpHL. Taxk,
KOHCTAHTH MOI'YT TpeTepHeBaTh De3KHe M3MEHEHHS OKOJO 0COOHX TOYeK TeMe-
PaTypHOH MKaXH, 9T0 IpHobperaer ocofoe MpaKTHIeCKOe 3HAUEHHME, KOTAA oTH
TOYKE JeKaT B [HAamasoHe OORYIHHX KOMHATHHIX TeMmeparyp. UMeHBO Tak o6-
CTONT Jeli0 OHATH-TAKH C CerHETOBOU COJIBIO.

Ilanee HYMHO YYHTHIBATD DENAKCAUMOHHBE SBJGHNA, BAMAHME KOTOPHX
OpOABISETCH, HAPAMED, B PAasINYMyM TAK Ha3hBAEMHX CTATHIECKAX U IUHAMU-
9eCKHEX 3HAYEHMH TeX WM WUEX KOHCTAHT.

Tocaepnne coobpaennsa ¢ eme 60abIei 0CTPOTOR CTABAT BOUPOC 0 He0BGXo-
AEMOCTH TIIATENHHO OPOAYMaHHOW M Ge3ympedHOll Kak B OTHOICHHUM METOLUKH,
TaK ¥ B OTHONIEHAW TeXHMKH 5KCIEPMMEHTa NOCTAHOBKYM OLEITOB IPH ONpe/elle-
nnu [)il:?ﬂH'IHNX ('I.)I’[RM’{OCI(!’IX KOHCTAHT.
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NPUJIOKEHHU A
Tabanua roadepuumentos a,,, b, ¢;. u d;, BHparKeHHBIX
ApYyr dYepes apyra
(41, 99) (21, ¥) (41, 73) (21, 23)
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Ta6anua mpeo6pasoBaHUA TACTHHIX MPOMIBOMHBIX K HOBhIM

apryMesTaM

HoBrle aprymMeuTH

Y1 Ve Zy Y2 Yo Ty Ty 2y
" A (x1, Yy) (‘)!/2>
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‘I‘aﬁnuua YaCTHBIX NPOH3BOJHBIX TEPMOAMHAMUYECKHMX BEIHYHH

vV, § o, S vV, T p, T
(iﬁ.) e (0") __r (ﬁe.) —_ P (ﬂ‘ __7
oV )s— TV \dp /s P ov/)r— TV r?p)p—_T
o\ __P iV_> i <£) 2 (Y
<()b >v= cy (r)S > ¢, aT)v — T 0 )=T
or Py Y (’_6> 2 _'§> 4
<7)_V->S == ey (7);).9-— ¢p oV)r— T (r} =7
(r}T‘ T <_0_T_> _T_ (r)S) ¢y (4)5 Cp
wh=% | =% |\&)h=7 |l&ZF),=F

@opmynar npeodpasoBanna KOMIIOHEHT TeH3opa 3-ro panra npu noBopore
KOOPAMHATHOI cucTeMbl Ha Yrol ¢ BOKPYF riaBHoii ocu X;

cosp=a; sine=_R

K|T|C
* =ty
® * | t{g==a®, - B23 4 2aft,
* tls ==ty + B2 — 2aft)y
* ty= (a2 —B2) 14+ aB (413 — 130)
tis == at;s —Btyg
tig = atig + Bty
ty =aty + Bty
tyy == aBtyy - B3y -+ a2 (t39 + 2t5) + a2 (fy3 + 2ty))
tyg == adtog - Bty -+ a2 (t33 — 2tyy) 4 a2 (tgy — 2¢3,)
thy=a (a2 — B2) tyy — B (a2 — B2) t3, + a2 (tyg — t9y) + aB2 (133 — t39)
tys == a2ty5 — B3q 4 af (35 — ta6)
# | tog== a2tog - B2gy + af (tg5 — ty5)*
* ty = atg — Bty
* t3p = adtgy — P2yg + a2 (23 — typ) + af2 (L33 — 2byy)
* tyg == aBtgg — P3tgy — a2 (ty3 + 2t5;) + a2 (£33 + 2ty)
* tag=a (a2 —B2) — B (a2 — B2) tyy — a2B (t33 — tgo) + a2B (tgg — fg3)
tgs = a?tyy + B2log — af (135 + tg5)
* # | tog==aPtgg — P2y5 + aB (tg5 — tg)

* B COOTBETCTBYIOLIEM 9TOH CTPOKE BHDAHEEUM NJIA téc (dpopmyna 70a Ha crTp. 841) B
xHure Qoxra [9] umeercs omuGKa B SHaKe.

212



Hosacaenns

DopMyunl OTHOCATCA K HOBOPOTY BOKPYI TIIaBHOil ocm X, Kaxk cKazamo
B 3aroJloBKe. AHaJIOrWYHHE POPMYIH ANA HOBOPOTOB BOKDYT ABYX APYIHX oCei,
T. €. Xp ¥ X, DOJNYYal0TCA U3 BHIIENPHBEIGRHKX LyTeM KpyroBo# mepecraHoBKHE
1, 2,3 m 4, 5, 6.

Hampasinenne moBopoTa U pacmosioxeHue HOBOM KOOPAMHATHOH CHCTOMH HO-
Kasane Ha puc. 3 —2-~7. CxeMbl KOCHIYCOB AJis OBOPOTOB BOKPYT IMIAaBHHX Ocel
Xy, Xy 1 X3 uMeloT cegyommi Bl

XX, X X)X, X, NDXD N
Xyt 0 0 Xy} a 0 3 Xyl a =350
X, 0 @ —p X, 010 X, 3 a 0
Xs 0 B a X3 ——.3 0 a X3 0 0 1

®opuyrr TaGiIMNE COCTABIEHN B IIPeTIOIOKEHAH, ITO
Um=1t1ik

AnA mo6HX 3HadeHwi I, i, k oT 1 mo 3. Taxkmm o6pasom, GopMyan aTE MOTYT He-
HOCPe/iCTBEEHO OPUMEHATHCA [JA OPeO6pPa30BaHMA KOMUOHEHT IBe303JEKTPH-
9ecKHX KOHCTaHT I m f. UTo KacaeTcsi mbeB03JIEKTPUIECKOTo MOXYAA d, TO TpH
noxb3oBandE QOpMysaMHA clieAyeT BCOOMHHTBH, TTO

d di(i=k, m=1, 2, 3)
T2y ik m=4, 5, 6).
Hoaromy B GOpMYIH HANIEIKAT NOACTABAATH KaK AIA HCXOMHHX, TAK U s
npeo6pa3oBaHEHX (CO IOTPHXaMH) KOMIOHEHT

i (m=1, 2, 3)
bim = 1

5 dim (m=4, 5, 6).

To e oTHOCUTCA M K KOHCTAHTE g.
Ipumep. Ins moBopora BOKPYr ocH Xg

djy =addg) — B3dyy + a2 (dog — dy) + 232 (dy; + dyg),
d3g = (a2 — B2) dgg - 2aB (d3, — dy;).

BeaencTsme cuMMeTpHME, CBOMCTBEHHOH DAa3lEYHEIM KPHUCTANIAM, B IJIaBHOK
CHCTOMe KOODAEHAT 4YaCTh KOMIOHEHT IIbe303JeKTPUYIECKMX KOHCTAHT PpaBHA
mymo. IlosToMy m HexoTOpas 9acTh DpeoGpasoBaHHHX KOMIOHEHT paBHA HYIIO.
B Ttabamnme cronGnu, ormesennne GyxBamm K, T u C, oTHOCATCA X KBapIy, TYp-
MaJdHY B CEeTrHeTOBO# COJH. 3Be3J0YKAME B COOTBETCTBYHOINZX CTONOHAX OTMe-
9eHH HepaBHHe HYJI0 KOMIOHEHTH (camMo coboif pasymeercs, 9TO TH OTMOTKH
OTHOCATCA TOJBKO K NAHHOMY IpeoGpasoBaHHEN0).
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dopmynst npeoGpa3oBaHUAs KOMIOHEHT TEH30pa 4-T0 paHTa NpHu MOBOPO1E
KOOPHHHEATHOM CHCTEMEI HA YTOJd ¢ BOKPYT OCH

th =t

t1o = a2tyy + B23 + 2aBtyy,

b1y == a2tyg 4 B2tyg — 2aBtyy,

thy = (a2 —B2) tyy + a8 (£13 — f19),

t1s = at;s — Btyg,

£ == atyg + Bts,

Loy == dtyy | Bitgy - 4033tgy - 4afdtzy + 20282 (£y5 + 2t44),

the = (at -+ BY) toy + 2B (a2 — B2) (foy — taqg) + a2B2 (tog + 33 — 4t4y),
tsy = a2 (a2 — 3B2) ty, + 32(302 — B2) 34 — a3Btyy + aBdtyy + aB (a2 — B2) (t3 + 2t4),
tos = a3ty — B3tg — a23 (fgg — 2t435) + aP2 (t35 — 214),

thg == aBtog 4= 255 - a2 (Los -+ 2t46) + aB? (£36 + 2t45),

thy = attgy - Bhtgy — 4ad3tyy — 4aBdtyy + 20782 (fog + 2tyy),

thy =02 (a2 — 332) 3y + B2(3a2 — B2) tyy -+ a3Btgy — afdtyy — aB (a2 — B2) (to3 + 2/)),
tys == adtys — Btog — 23 (t3g +- 2t45) + aB? (fo5 + 2t46),

tag == a3tag - BBtys +- a2 (f35 — 2t45) + aB2 (tg5 — 2t45),

tig = (22 — B2) tyy -+ a2B2 (tgy + t33 — 2tg3) + 20f (22 — B2) (£34 — toa)s
tys =a (a2 —B2) tyy — B (a2 — B2) t4g + 223 (£35 — to5) — B2 (£y5 — tag),
tyg=na (a2 — B2) t4g + B (a2 — B2) t45 -+ a23 (t35 — tog) + aP2 (£35 — £o3).
tgs = a2ts -+ B2gs — 2aBi5e,

tse = (a2 — B2)t56 + ad (£55 — Zgg),

tgs = a2teg + P55 + 2aBixe.

TeHsop opepnojaraeTcA CHAMMOTPHYHEIM, T. e.

Lonn == Lopme

IlosToMy B Tabammy Bomuid TONBKO 21 w3 36 KOMIOHEHT X MMEHHO Te,
y KOTOPHX B HHAeKCe (mn)n > m.
Hanee mpegmonaraerca

bmn = tikpq-

Toaromy dopMyaE TAabAEOE MOT'YT HeIOCPEJICTBEHHO NPEMENHATLCS AJA BH-
qUCIEEAS KOMOOHEHT YOPYTEX KOHCTAHT C,,, TAK Kak

Comn==Cikpg
Opd BCeX 3HaveHNsAx i, k, p, g or 1 mo 3.
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Yo sKe KacaeTca MOAyJed rmOKoCTZ S,,, TO HAJO EMETH B BHERY, ITO

Sikpq(i=k; p=gq; m, n=1, 23);
Smn=2So'kpq(i=k; p#q; m=1, 2, 3 n=4,5, 6);
4Sikpg(i#k; p#¢; m, n=4,5, 6).

IToaToMy B GOPMYJH HYMKHO HOACTABJSTH

Sonn (my, n=1, 2, 3);
1

tun =3 Smn(m=1, 23, n=4, 35, 6);
1

zsmn (m, n=4, 5, 6)"

QopMynE OTHOCATCA K IOBOPOTY BOKPYI IIaBHOH ocH X;; aHAaJOrAYHHE
dopmyaLl A DOBOPOTAa BOKPYT oceil X, u X; moaydaorcd IyTeM KDPYTOBOH me-
pecTaHOBKE uHAeKcoB 1, 2, 3 m 4, 5, 6.

IIpumep. das moBopora BOKPYr ocH Xg

Sie= o (a?—B?)Sgs— B (a?—B%) Sss+202B(Sas—S1a) +2a B2 (S15—Sas).

Haxkonern, By»HO 3aMeTuth, 910 C);, Cpy B Cgg TmpefcTaBiAoT coGodl He 910

unoe, Kaxk mMopyhau IOHra [IsA COOTBETCTBYHOINAX HAUpPaBIeHHHA.

KoucraaTs NbE303IEKTPHICCKAX KPHCTALIOB

1. Keapu (mo ®oxry)

Yupyrae KOHCTAHTH
im 1 12 13 14 33 44

Sim 11,14 —1,63 —1,49 —4,23 9,71 19,66 10-10
Cim 8,68 0,71 1,44 1,72 10,75 5,82 108
T5e3097IEKTPAYECKE® KOHCTAHTHI
lm Qi €im fim &im
1 —6,27 —4,27 —13,3 —17,6
14 1,93 —1,23 —3,44 5,9
10-8 104 104 108

MuanexTpuyeckas IPOHHIABMOCTD
eqy = 99 ==0,357; £33==0,362; (4meyy = dmegy ==4,49; dmeg3=14,55).

* B coorsercTayromux Qopmyaax doxra [9] umeioTcs omubKA, OGHAPYKEH-
HHe npum BHOOPOIHOM mpoBepke. Imemmo, Ha cTp. 593 B ¢opmynax (67)
B 4-#f CTpOKE CBepXy, B HOCIEJiHeM TIeHe IPaBOd JaCTH KOIKHO ORITE Sgq, @
He Sy B BEIPaKeHWH AN Sy MOpef OepBEM LIGHOM OpaBoil YaCTH HPONYIIEH

MHOMHATEND 2,
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Mpumeuarnae. HKommoHeRTH  dj,, ¥ €] B3ATH HEOOCPENCTBEHHO Y PoxTa [?)
(cTp. 869—871), KOMIIOHEHTH! f;yy, W gy, BHMUCIEHH OO GopmymnaMm
1 . _ 1
8Im ‘-Elem i fim= o7 Cim

6e3 MPUHATAA BO BHMMAHME DPA3NNIAA MEKAY et U g5, KOMIOHEHTH elm MOTYT OHITH BH-
YACJIEHE N0 KOMIIOHEHTaM dj;, IO CleRyioumm gopMymam:

ey = (¢; — C12)dn + Crudiyy €10 = 2¢0d1 + Cdice

2. Typmanna (no Poxry)
Vupyrue KOHCTAHTHI

Im 1 12 13 14 33 44
Sim 3,90  —1,00  —0,6 0,57 6,12 14,8 10710
cim 21,5 7,04 0,90 —0,79 16,4 6,8 1048

Hseaoanempnqecxne KOHCTAHTHI

Im Cim im fin &im
15 11,0 7,4 13,1 19,5
22 —0,69 —0,53 —0,9%4 1,22
31 0,74 3,09 6,4 1,53
33 5,8 9,6 19,9 12,1
10-8 104 104 108

nnaﬂeKTpnqecﬂaﬂ OPOHULAaEeMOCThH
€11 =890 =0,565; e33=0,48 (4me;; = 4meyy =1T7,1; 4mez3=16,03).
OprMevaHue KOMIOHEHTH Ibe309JeKTPHISCKMX KOHCTAHT MONYYeHH TOUHO Talk e,

KaK B AIF KBapua.
KOMIOBEHTH e]; MOryT GHTH BLHYMCIEHH IO KOMIOHEHTaM dj, OO0 GOpMyiiam

&5 == Cydis — 2011dyg, 89y == (C11 — Cio)day — Cuidis, €81 == (Cr1 = C12)ds; - Cr5dss, €ss = 2¢5,dss + C3,d3

3. CerneroBaa conp (mo Macony)
Vopyrue KOHCTaHTH
m 1 12 13 2 23 33 44 55 66
s;, 5,18 —1,53 —2,11 3,5 —1,03 3,34 7,98 32,8 10,1 10712
e 42,5 29,6 35,7 51,5 34,3 62,9 12,5 3,04 9,96 1010

HLGBO&HBKTPK‘IGOKHB KOHCTAHTHI

Im dim €rm fim 8im
14 90 110 7,7 3,8
25 16,9 5,15 5,17 15,6
36 3,% 3,91 4,81 4,80
107 104 104 10~7
Jua:1eKTpEIECKAA NPOEEIIA6MOCT

1 11 22 33

(en)E ~14* 1,0 0,81

(&10)s ~24* 1,08 0,82
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P uc. 11--1. TemnepaTypHas 3aBHCHMOCTH [be30IEKTPHICCKHX KOHCTAHT (A) U IMBNEK-
TpuYeckoit nponmnaemocty (6) cerHeToBoil ¢oan

Honcranra npesoanexkTpmueckoll ¢BA3M A g Tpex IVIABHHX HaupasieHEHil

A A2 1—x2
1 0,64* ~0,41* ~0,59*
2 0,28 0,078 0,922
3 0,11 0,012 0,988

IIpumevwanue. OTMeUeHHHC 3Be3NOYKON (*) qupPH OTHOCATCA K TemmepaType 30° C.
Tpaduku TeMmepaTypHHX 3aBHCAMOCTEH, OpUBOTMMBle MscoHOM B ero paboTe, BOCOPOH3Be-
meHn Ba puc. II —1. KoucrantH d; e, f B3ATH HeNOCPEACTBEHHO M3 pabGoTh M3acoHa,
IpHdeM KOMIIOHEHTH C MHJeKCOM 14 — ¢ rpadmxoB. KOMOOHEHTH KOHCTAHTH g BHIUHCJEHH
no dopmyie

I'4 ——1d1
Im™ Gy ™

BhIpakeHAA KOMIOHEHT KaKoi-Tm6o Imbed0ajeKTpUUecKOil KOHCTAHTH Yepe3 COOTBETCTBEH-
Hble KOMIOHEHTH JnoGo¥t npyroi mammW Ha cTp. 121.

JlmaiexTpEIecKas NPOHHIAEMOCTS OPE HOCTOAHHOM HANPAKeHEH B HDH IO-
crosEEOH medopMammm (T. 6. CBOGOFHOrO M 3a7KATOTO KPHCTANLIIA) CBABAHA CO-
OTHOmeHMmeM

(Eu)/u)s=1 —a%

KoMnoneBTH €;; B3aTH ¢ rpaduKoB.
Jarare Macona BHBHBAKT HOKOTODhle coMHeans. OgHAaKO L0 MaTepHajaM

pa60'ru BOCCTAHOBUTH MCTHHY 3aTPYAHHTENBHO, & HOTOMY 3TR [AAHHHE, 33 HOHME-
HEeM (ojiee HOBHX U AOCTOBEPHLIX, BOCOPOHM3BOAATCA 3AeCh 6es xaxmx-mmbo

HCOpaBleHui,



K TIIOCTPOEHUIO
KAYECTBEHHO KAPTHUHBI JHOPARIINN

1. B mo6oit ofnacTu Hapsagy ¢ aHANHTHYECKHM aIIapaToM II0Je3io
pPasBHBATH CHCTEMY HAIJAIHBIX, 0CA3aeMBIX 006pasoB.

Bynem paccMarpuBarh AupaKIUIO BOJH, IPHIEM [IJIA ONpeeseH-
HOCTH IIyCTh Pedb MAET O IMPOTOJBHHX YyNDPYIHX BOJHAX B CIKMMAaEMOH
cpefe. BonHEL TaKoro poja COCTABIAIT NPEIMET aKYCTHKH; OJHAKO
HIKECHeqyOMue Pe3yIbTaThl NPHIOIKUMBl K BOJHAM I060H ¢umsu-
9ecKoit IPUPOIBl NPH YCIOBHH, ITO IOTEHI{HAT YAOBAETBODAET 06bIT-
HOMY BOJIHOBOMY yPABHEHHIO.

VenosuMmea faliee pacCMaTPHBATh BOJNHEL, XapPaKTePHU3YOI[EeCH
paspeiBOM moTeHI@ana Ha ¢poHTe. Hage roBops, peds Oymer uarm
0 HeCTALMOHAPHBIX MUPPAKUMOHHEX sfABIeHHAX. U ato He HapymmT
00ImHOCTH, TAK KAK AaHAIUTHYECKHN Iepexoj oT HeCTALMOHAPHBIX pe-
IDeHH# K CTANMOHADHHIM ¥ O0paTHO He NPeNCTABIAET HHKAKHX 3a-
TPYAHEHHH.

QopMynupyeM mpekiae BCEro OTHY TEOPEMY, XapaKTePH3YIOMYI
audpaKIAOHHY KapTHHY B o6mux deprax.

ITyctes mMeercs TOWEYHHIH WCTOYHHK, OLpeAENAeMHE HaIpsKeH-
HOCTBI0O WIM OOBEMHOE CKOPOCTHIO.

0 [£<0],
u(t)=u [t = 0],

T. €. B HEKOTODH# MOMEHT, IPHHUMAaEMEIA 3a HATaJI0 OTCUETA BPEMEH,
U3 HCTOYHHKA B OKpY/Kalolee INPOCTPAHCTBO HAYMHAET MCTEKAaTb
CIHIMaeMasd JKUIKOCTh ¢ 00BeMHOM CKODOCTBIO U cmd/cek.

B pesynbraTe meficTBHA MCTOYHHKA IIOTHOCTH CPEMNE, HAYAJIBHOE
3HAaYeHWEe KOTOPO# 0603HaZ@M wgepes p,, HOIYIAT HPUPAIMEHHE p.
I'pannna BosMymenHo# obracTu (T. e. YPOHT BOJNHE) OymeT mepegBu-
TaThCsA CO CKOPOCTHIO 3BYKA, M KO BPEMEHH £, BO3MYMenHAadA 00;1acTh
npocTpascTBa (T. €. I0Je) TOCTUIHET NPOTAMEHHOCTH I'y=ct; B Ha-
OPaBIeHUM PacOpocTpaHeHHds, 3axBatuB o6wem V,. B paccmarpmpae-
MoOM HpocTeHIneM Ciydae eZMHCTBEHHOI0 TOYEYHOI0 HCTOYHEKA V)
npencraBasger coboir obweM cheps pammyca r,. Ilpumemmm k 3roi
KapTuHe OPHHIAO HeNnpepuBHOCTH. MH Mo)KeM yTBEDIKIaTh, 9TO
OPUpAMEn’e MaCCHl XUAKOCTH B oGbeme V) paBHO Macce KHAKOCTH,
TOCTYNMBIMIEH 0T MCTOYHHKA, T. €.

4
Po g udt = S pdV (1)
0 T
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(oTHOCUTENIbHOE H3MEHEeHHe IJNOTHOCTA MPEeNNONATAeTCH MAaJBIM —
o6uiuHoe JONyMEeHHe JHHEHHOH aRyCTHKH).

CBa3b MY OTHOCHTEJNBHHMH H3MEHEHHMAMH ILIOTHOCTH X JaBie-
HUA BHIPa)KaeTcsA (IaA anuabaTHYECKOro pe;RUMA) CJAeTYIOMHM COOT-
HOLICHHEM:

Buipaskaa B (1) p sepes p, sanmmem
N

- X pdV = p, S udt. (2)
v, 0

2| -

JleBas wacTb BhIpakaeT npupalicuue IHEPTUM B IOJe, NpaBasi
9acTh €CTh HE YTO HMHO€, Kak pafora ucrounmka. OUeBHAHOE 1O CMbi-
cay coorHomende (2) Moriao 6v 6HTH HOJY-
9EeHO ¥ HOMOCPe/ICTBEHHO H3 3aKOHA COXpa-

HeUUWs 9YHEepPrud. B

Ecnm ME Temeps ycIoBEMCA paccMaTpH-
BaTh INOJIOYKEHHe B MOMEHT I, m GymeM mo-
jJaraTh, 4ro paboTa WCTOYHHKA HE 3aBHCHT
OT TOLO, 9YTO IPOHCXONAT B II0JE (CMBICIT
MOCJIeHETO MONYMEHHA MOMET OHTh HOTHO- 3
CTBI0O pacimdpoBaH), TO MOKEM 3aTMCATH

AN
5]

gpdV:const, (3) Pme 1

Vi

B TOM cCJabicje, 9TO HHTErpaJ He 3aBUCHT OT CTPOCHHA IIOJA. B 3TOM
UM COCTOMT apainumrudeckasd QopmynmpoBra Teopemu. Ilo cymecTBy
0lla CBOAMTCA K CIEAYHIIEMY YTBEDKISHHUIO.

Uro 6B HM IPOHCXONEIO C BONHON B pe3yibTaTe OTPAKEHHS,
nuQpAaKOuE W T. U. (OPH YCIOBHM, 9TO STH ABJEHHA HE H3MEHSIOT
peKEMa HMCTOYHWKA) WHTErPaj OT NPOW3BEJEHHA UPHUPAIIEHHA [aB-
JeHUs Ha dIeMeHT obbeMa, B3ATHIM HO BCEMY IO B ero Hpegeaax
Ha NAHHBIA MOMEHT, WMEET HEWm3MEHHOE 3HAYeHHe.

IMosicemm a10 monoenme npmmepoM. Ilyers or TOYe9HOrO HCTOY-
nuka O (puc. 1) pacmpocrpamsercs cdepmyecKas BOJHA, BCTPEYAIO-
OIaA Ha CBOEM IYTH HEKOTOPoe mpensarcrsue D, KOTOPoe MEL TPefuoio-
JKAM COBEDIIEHHO HENPOHWIAEMbIM IS BOJHB. (ITO MPEINOT0KEHRE
cosepmenno He obs3arensno. Bee mocienywomee nerko obobmaeres
Ha Cchydaif HaJImI@mA INpexoMIenHod Boamsl, Takoe ofofmernne
He NPeNUPHHEMAETCA TOMBKO JJNA TOro, 9TOOK COXDAHHTh B Hadaje
OpefeabHEyd OPOCTOTY BCEX PpAaCCYKAeHHH.)

Ecnm BCTpeda BOJHH € NPENATCTBHEM YiKe COCTOANACh M K Dac-
CMaTpUBaeMOMY MOMEHTY (POHT NpOABUHYJICA B Holo)keHEme BB,
TO mo3agE oGpas3oBaloch KEGPAKIOMOHHOE IIONe, QPOHT KOTOPOrO,
oGosnauennsit auuneir CC, HETPYAHO DOCTPOMTH ¢ MOMOINBIO IPHH-
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nuna Iofirenca. Hanpasuenus: pacupocrpanenas Aasg 06€UX BOXH —
upAMOE u AMPPAKIUOHHOA — HOPMAIBHEI K COOTBETCTBYIOINUM (poOH-
TaM W OTMEYeHsl Ha pmc. 1 cTpesnkamm.

IlpaMeras K paccMaTPABAGMOMY CJIYYAl0 HAIILY TEOPEMY, MBI MO-

“KeM YTBeP/KAaTh, 9TO S pdV, KoTOpEI# MBI B3N O 110 BeeMY 05beMy,

orpaHuyeHHOMy cdepraeckuM ¢porToM BB mpu OTCYyTCTBMM IpemnaT-
ctBus, OymeT paBeH MHTETpaly, B3ATOMY IO TOMY Ke 00BeMy, Ho
3a BHIYETOM 9YaCTH, 3aHATON npemsarcrueM (sa pmc. 1 3amTpuxosana).

Ho rax xax B o6veme suyTpm pponta BB u Bue ¢poura CC mone
B o6oux caydaax (T. e. KaK IPH OTCYTCTBHMA, TAK ¥ IPH HAJIUIUHU IIpe-
OATCTBUA) ONEHAKOBO, TO MB HIPHEXONEM K CIEICTBHIO HaImei Teopems:

S pdV nna naBnendd, co3faBaeMoOro ANPPAKIUMOHHOA BONHON B 06-

JaCTH, OTPAaHUYEHHOH ee (PPOHTOM, PABEH 3HAUYESHUIO SpdV ANA man-

lIeHOA, KOTOPOe mMexoch O B IPAMOM BOJHEe B IpefieaX obnacriu,
3aHATOA TpeNATCTBEEM, eclIm OBl IMpensATcTBHe GHIO yAaJeHo.

9ToT BHIBOX MOM<eT OLITH IOJNYYeH AHAIMTHYCCKE LPH TOMOILZ
HOPOCTHIX BHIKIALOK.

OBosnauum: Vp — 06bem cepsi, orpaHngeHHoN PpOHTOM mpaAMOK
BOJHH; V¢ — o0beM, orpammyesuwnit ¢pomrom CC pudparuuoHHON
Bongn (o6beM ofnacTe audpakumdm HIM AUGPAKIUOHHOTO MONA);
Vp — obpeM, Brpesaemuil npenarcreueM D us cpepH (3amTPEXOBAH-
HaA dacTh Ha puc. 1); Kpome TOro, 0GO3HAaYMM dYepes p — maBieHHe
(usGuTOUHOE) B TMpAMOE BOnHe, a uepes p; — JaBIeHHe B AUPpak-
IUOHHOH BONHe.

Ilo sameit Teopeme (3) ana mamHOTO Ccayuas

{pav= | piv+ | (@+p)av

Yp VB_VC' Ve-Vp
Hnn
j pav= | (+pyav,
Ve Vo-Tp
ann
[ pav={pv, (4)

B 9€M ¥ COCTOHMT (POPMYIMPOBKA CJAEGICTBUA.

2. Xorsa marerpanbras Teopema (3) m ee caemcrme (4) me KamoT
eme BO3MOKHOCTE DemeHms NUPPaKIUOHHOHE 3a7adm, OHE MOTYT
BCE 7K€ HOCHYKHATH AJIA NaNbHERINero PasBETAA HAMIAX KAJeCTBEHHHX
IpeacTaBIeHuA.

Mer Mosxem Temeps yTBEpMAATH BoOOMIE, 9T eCaH B mode 06paso-
Bajyach DO TeM HWIM WHHM OPHIAHAM 30HA C JABICHEEM, IOBHIIICH-
HEIM IPOTHEB JIaBJeHHA B CBoGOMHO pacupocTpamanmeiics BoXHe,
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TO 00:3aTe/IbHO MO KHA 00Pa30BaThCA TaKske U 30HA C NOHH>KEHHBIM
JaBienueM; ecim 0603HauMTh JaBJeHHE B IePBOX 30He depe3 py+p,
a BO BTOPO# depe3 py—p,, AONKHO OGHTB

[ paV = pav. ©)

¥y Ve

Ecan HadaJIbHble [ldB/JIE€HUA B obenx YIIOMAHYTHIX 30HaxX HeOOH-
HAKOBBI, TO, 0003HAYMB MX 9eDC3 Py U Do, MBI MOKEM 3ammcath ()
B Oosee ofmem Buue

S (Por+ p1)dV .- S (Por— p2)dV. ()

vy Y

Coormomenusa (5) u (5') rTawae sABuAsWTCA ciegcTBEAME (3).
B nexoroprx caydasx 30HN I u 2 W pacupefeiienue TaBAEHHHA B HAX
cumMerpmunbl. Torga, Bo-mepBLX, p,=p,=p, a BO-BTODHX, MH
MOKeM NpHEMEeHHTH (O') K A0060# nape CAMMETPHIHO PACHONOMKEHHHX
3JeMeHTOB 00beMa, 9To mocie COKpameHRma Ha dV gaer

Poa+ Py=Por— Py (")

ITop, p, mompasymeBaercst JaBieHue TEQPAKNEOHHON BONHH.

ITH CUMMeTpHYHHE CiydYa¥ yAo6HO TPAaKTOBATH KAK pe3YAbTAT
ONHOBPEMEHHOI0 HAJWIHS HCTOYAMKA H pPABHOTO eMy IO HAOpH-
JKEHHOCTH CT O K & (WIH MUHYC — HCTOYHWMKA).

ITossicaum 370 ma mpmmepax. Ilycrs minockas BomEa BB pacmpo-
CTPaHAETCA HDAPAJIIENBHO ILIOCKOMY JKECTKOMY 3KpPaHY, B KOTODOM
npopenago Maienbkoe orBepcrme O (pmc. 2). Torma mo Ty cropomy
sKpaHa obpasyercs cdepmdueckas RAPPAKIEOHHAA BOJIHA C (pom-
toM CC = nenrpom B 0. Ilo npegunymemy neoGxomumo, IT06H HO 3 T y
CTOPOHY BKPaHA NPOM30LLIO COOTBETCTBYIOMEe MOHHMKEHHE [aBICHHA,
9TO MOKHO IIPEJCTABHTh KaK PesyibTaT moABIeHEA B O orpAnaress-
HOr0 HCTOYHHKA TAaKOW ’Ke HANPAKEHHOCTH.

Takmm oGpasoM, orBepcrme O ABIAETCH HCTOTHHKOM JJA HEK-
HEro IOJYIpOCTPAHCTBa H CTOKOM xaf Bepxmero. Ho aToro mamo:
eCIE IPOCIENWTh PAa3BHTHE SBJIEHHAA C MOMeHTa OpHEXofa (poHTa
K orBepctmio O, TO CTaHET OYEBHAHBIM, 9TO PaBEHCTBO (D) HYIKHO
OpEMEHATH AJA J060r0 MOMEHTa K ONMHAKOBEM o6bemMaM 1o obe
CTODOHH 3KpaHa (ITPEXOBHE IXHEM HA DHC. 2) U ITO HE TOIBKO
¢portet CC m DD pacmolokenhl COBEPIIEHHO CHMMETPHYHO, HO H
pacupefieenne BEYTPE ofemx JudpaxnmoEHHX obiaacTed TaK:Ke
CEMMeTpPUYHO. OTO B OfIIeM COBEDIIEHHO OYEBHEIHOE IIOJO0MKEHHe
MH ocraBiageM 6e3 (OPMATBHOIO JOKA3aTENbCTBA.

CxasaHHOe CIIpaBeEBo & B Goxee obmewm crydae. Ilycrs miockas
BOJHA, DPAaCOPOCTPAHAIMAACH CIEBA HANPaBO, BCTPEYaeT MIOCKEH
JKECTKEA BKpaH C OTBePCTEEM IPOM3BONBHOH (GOpMEl H pa3uepos

(pme. 3).
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CompaBa oT dKpaHa ofpasyercsa («HIpoxofAamas» Arpakuumonmas
BOJNIHA, & CJeBa, BO-IEPBHIX, INIOCKUHA (QPOHT OTPaKEHHOH BOJHLI,
a BO-BTODHIX, OTPa/KeHHAsM AUPPaKUMOHHAA BOJHA, COBEPUIEHHO
cUMMeTPHYHAS NIPOXOAAIIeH. ]

MnrepecHo, 4To 3TH HPECTABJIEHHUs BHJEDP)KEBAIOT IIPeJebHbIH
mepexop camoro Kpalinero csoiicrsa. [lomosxum, 9ro gaBiaeHue najao-

me# BOJHH pPABHO efUHMIE. DygeM HEOTPDAHHICHHO YBEJIMIABATH
oTBepCcTHE B BKPaHE, IOKA OH He mcdyesHeT BoBce. OT TaKoOro mpeness-
HOTO IIEpPexoa y HaC OCTaHYTCA: 1) mpsAMas BOMHA C JaBIEHHEM, PaB-
grM 1; 2) orpaskeHHAs BOJHA ¢ faBieHmeM, paBHHM 1; 3) orpaskernas
uEQpAKOUOHHAA BONHA C JaBieHmeM, paBubIM — 1; 4) mpoxopamas
nuppaKnmoHHAA BOJIHA C JaBieHHAeM, paBHEM 1.

Ilepsrie Tpm cimaraeMee OTHOCATCA K MOJYOPOCTPAHCTBY mepeq
SKPAHOM U JAIOT B CyMMe e[HHAILY; TO e 3HATeHne HOIYIaeTCH M03a0H
3KpaHa, TOYHee, IMO3afM TOH IIOCKOCTH, rue oH Owur. Mrak, mu mo-
Jqy9aeM NPABUILHYI KapTAHY O6ecopensAaTCTBEHHO pPacIpOoCTpaHAo-
meica MIOCKOHX BOJHHL.

3. Cnenyromee HarasggHOe LpeACTABIEHUE — 3TO IPENCTABIEGHME
o meperu6e moJsA. JTOT TePMUH MOHHMAETCA B TOM CMBICIE, 9TO €CIH
HA YepTerke u300pas3uTh pacupefeleHUe NABIEHHA B IOJe, a 3aT€M
u306pa3uTh 10Jie, A3MEHEHHOE BCIENCTBHE BHECEHAS B HET'O KECTKOI0
HeOIDaHHIEHHOT0 SKPAHA, TO BTOPOH UePTeK MOJIYIaeTCA M3 HMEePBOTO
oyTeM meperm0aHMsA ero OO JHHUM PACHONOKEHUsA dKpaHa. Ilpm sToM
TaBlIeHAS B COBIANAIOIAX IOCHE Hepermfa TOYKAX YePTEerKa CHIANH-
BAIOTCA.

Ha pmc. 4—6 nokasaHo HECKOJIPKO IPEMEPOB TAKOrO IOCTPOCHHSA,
riae 6yxBoi ¢ 060o3HAUEHA KADPTHUHA LOJSA N0 BHECEHHS KpaHa, a 6yk-
BO# 6 — mOClIe BHECEHHA SKPaHa, OTMEYEHHOIO IITPHAXOM.

Ecnn peup mpmeT o HIOCKOHA 3afade, TO MOKHO TOBOPHTH O Hepe-
rafe IIOCKOCTH OTHOCHTENBHO JHHUM; AJA NPOCTPAHCTBEHHON 3afadl
MOYKHO TOBODHTH O mepermGe 00beMa OTHOCHTEIBHO IJIOCKOCTH.

B wactrOoCTH, pmC. 6 MOKHO TOMKOBaTh Mm60 Kak HM300paskeHme
IIOCKOT0 1oJsg, JAEG0 KAK HNPOGKIHUI0 HOISA CPEPEIECKOH BOIHH,
BCTpeTaoIel mIOCKUH 9KpaH,
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Ilyers na okpane mmeercs oTBeperHe, 0KOIMO KOTOPOTO BOBHHKAET
}Ln(bp{lRELHOHHaH kapruna. kcam sro ormepcTue 3aKPLITh DKPAHOM,
KOTOPBIH, TAKUM 06pasoM, Ae/1aeTCA HEOrPAHIICHHKIM, TO MBI JOM /K HbI
TOJNYIUTh TPOCTOE OTpPa‘KEHUeE.

C”TO‘II{]?[ 3penmsa neperua Iosist 9TO 03HAYAET, YTO COBMEIIEHHUE
moned TMPOXOASMEH W OTPaKeHHOH NUPPAKUMOHHBIX BOJH MOMKHO

I
|
! | 7 [0
kA :
| / 0 ! z | // |
1 | y] |
| |
{ 1
1 1 AN 1
| ! / |
] ! I
R A L L
| ] : / - :
a 6 é IG
Pnce. 4 Prpe. 5

MaBaTh B CyMMe JaBieine OPOCTOH OTPaKeHHOH BoJHH. IT0 coobpa-
’KeHHe, WILIIOCTPHEPYeMOe DPHC. 7, MOWKeT OLITh BHIBEAEHO HEmOCDE[-
CTBEHHO u3 (9).

Mz mpepmosnaraeM, 9T0 B mOJie, T. €. BHYTPH OGJACTH, OrpaHH-
9eHHOH (POHTOM, NaBJeHHe MeHAeTCA HenpephiBHO. Ecanm Tak, To mpm
nepermbe moJA faBlenne Mo MWHUM Deperuba yaBampaeTca (T. e. fas-
JeHUe YABAWBAETCA B PE3YNbTaTe OTPAKEHHUs HA CaMOM TOBEPXHOCTH

| |
! |

Pumc. 6

a 6

skecTKoTo 3xpana). Haobopor, mpu «pasrmbameuy», T. e. UPH MOJHOM
WIN 9YaCTHYHEOM YCTDAaHeHUM KpaHa, [aBieHme N0 JHEUM pasrmba
OOMIKHO YMEHBIIUTHCS BIBOE.

IlpumenuM 3TH cooOparkeHEA K KIACCHYECKOH 3amade o audpax-
OUE OT OPAMOJHHEAHOr0 Kpasg HOJNyOeCKOHETHOTO MKECTKOro OecKo-
HEYHO TOHKOTO dKpama. 3ajavua s1a cBommresa K miockoi#. Ilyerp mio-
cxas Boima ¢ pporTrom BB (pmc. 8), pacupocTpaEAsachk cleBa HaOpaBo,
Berpegaer kpait O skpama OD. O6pasyercsa orpaskemnas BoxHa CC
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Pac. 7 Puc. 8 ¢ D

u fuPAKIMOHHAS KapTEHA B mpefienax okpysaocra. Ecam nasrenue
B uajalomel BOMHE PABHO eJUHHIE, TO B DA3JIMYHBIX TACTAX NOJIA
Mol Gynem mMerb faBieHus or O (mepen PponTOM IPAMOM BOJHH)
no 2 (mosagm PpoRTA OTPAXKEHHON BOJHEL).

06o03zag@M MTPEXOM HOXyImaocKocTs® OD’, HpOmoIBKAIILYI0 IK-
pau. Ecmm M mepermem geprexx mo DD (4T0 COOTBETCTBYET pacupo-
CTPARHEHWI0 dKpaHa m Ha mojymrockocts OD'), To moxydmMm TpuBH-
aJpHEIA CIy4afl IOJHOTO OTPaseHUA IJIOCKOHX BOJNHE; IaBIEHHE
sa DD’ 6yner pasHo gByM efmEuMnaM. Eciaum ke Ml pa3orueM gepTe:
o6paTHO, T. €. BOCCTAHOBHEM [EHCTBHTEIBHOE IONOKEHHE Bemei,
T0, KaK yCTaHOBNEHO BHme, nasBienme Ha OD’ MOMKHO OKa3aThCA
paBHHIM eIWHHIE, T. €. TAKEM jKe, KaK W B CBOGOJHO pacupoCTpaHAIo-
me#ca Bonme. OTHOCHTENBHO IABJIEHHS HA HOBEPXHOCTH JKpaHa
MEl HHYEro He 3HAeM, HO eCIH_JKDAaH KeCTOK, TO HOPMaXbHas CKo-
pOCTh Ha €ro HOBEPXHOCTH HOJJKHA GHITh pPaBHA Hymo .

Wrak, 3agaga CBOLUTCA K HAaXOMKEHHMI (YHKIWE, YEOBIETBOPSIO-
mei# BONHOBOMY YPaBHEHHIO B Kpyre OpW IDAaHMYHHX YCIOBHAX

p=1 ma paguyce OA’
p=1 Ba gyre FA'E

1 Bopr B cBoeid «OnTuke» ommer, Mexmy mpouuM (crp. 207): «PmsmdecKm pa-
3YMHO HIPEAUONOKeHHe, YTO B IEePBOM HPHONIKEHWE BOIMYI(eHWe Ha 3ajHeH
IOBEPXHOCTH SKpaHa BCerfa PaBHO HYJ. . . Bomee CMeaNM ABIAGTCA Ipel-
IOJIO}KEeHHAE, YTO IPH BHYUCJIEHWH BOBMYINEHHS B TOYKe P ¢ moMompio GopMyd
Kupxrodpa § 45 (5) MOKHO B 9acTH NOBCPXHOCTH, OOTATEBAIOIEH OTBepCTHE
pEadparMel, IPEHATH 33 TPAHWYEKE 3HAYCHWS u W Ou/0v BEJINYEHE, COOTBET-
CTBYIOm@e CBOGOTHOMY pAacOpOCTPAHEHHI0 CBETa. . .».

Hamm paccy:;xieHRA ODPABOJAT K 8aKJIIYEHHI0, YTO IepPBOe IIPEIIONO0KOeHHe

BIOJIH® CIPABeIJIABO A Ju/dv, HO He [JJIA u, a BTOpoe, HAOOOPOT, AXA U, HO
He myuA du/dv.
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p=0 Ha pyre EA
p =2 Ha pyre AF
0p/dn =0 ma oGoux Geperax paspesa OA.

Hpome Toro, ¢yErmEA p HOJUKHA YKOBJIETBOPATH JODOJHHUTEND-
HOMY YCJIOBHIO

Puu=2—py,

eciu depes p, u p; 0603HAYUTH [(aBieHAE B CAMMETPHIHO PacmoJIo-
YKEHHEIX TOYKAaX NPABOr0 ¥ JIEBOr0 DOJIYKPYroB. IT0 mociefHee YCiIo-
BHe BHITEKAeT u3 clefcTsusa (D°).

15 A. A. Xapkesmy, T. 1



HECTAIIUOHAPHASL 3AJJAUA
O TUOPARIIUN TJIOCKOU BOJIHBI
OT HIPAMOJIMHENHOI'O KPAA

B mpempiymei# cTaThe BRHICKA3aHE HEKOTOPHE COOODaKeHMsA o Kpae-
BHIX YCJOBHAX NEQPAKIMOHHEIX 3a7ad.

B macrosme# crathe 5T c000OpaKeHUA MCIOJB30BAHHE IPU peIle-
HAYW KJIACCHIECKOR 3ajadm o NEPPAKIEE IIOCKOH BOJHEI OT IIPAMO-
amHEedHOT0 Kpad wmosybesrpaHMIHOro OeCKOHEYHO TOHKOTO COBEp-
MeHHO KEeCTKOTO JKpaHa.

3amaua CTAaBUTCA W pelmaeTcsd KaK HECTAUMOHAPHAs; OfHAKO H3-
BECTHO, 9T0 €€ pemeHme MO<eT OLTh npeoOpas3oBamo B pelleHme
OIS CTALEOHAPHOIO CHHYCOMIANBHOTO pe)xmMa W IisA ioGoro 6Goidee
obmero pemmuMa Ha OCHOBe OPHHIUIA HAJOMKEHHA.

3ajava OpuwBOAHUTCA K WiIOoCKoA. [laA aHanmTmdIeckod ee Gopmymnn-
poBKZ yno6Ho BHOpPaTh OUIAHAPAYECKHE KOOPIMHATHL.

CIYYAH PACOPOCTPAHEHHSI HAPANJEJABHO 9KPAHY

Haunem ¢ gwacraoro cayuas. [Iycrs naockas BoaHa BEmA

0t << ze,

(P‘—'oo(t x/c)_—/l t}x/c

pacmpocTpaHAeTCA DapajielbHO BKPAaHY ® [OCTHIaeT ero Kpas,
napajaxenbHoro ¢ponty. HmdpakumonHOe mojse pa3BHBAETCA B Nu-
amBApe r < cf, eCNE BpeMA OTCYATHIBAETCA OT MOMEHTa NpPHXOfa
BOoNHH Ha Kpai skpama. O6mas KapTuHa ABIEHHA HA ILIOCKOCTH,
HepUeHUKYIAPHOR Kpalo, mokasaga ma pumc. 1. Hawamo xoopmmmar
O’ ma xpawo skpana. Opont nepsonavansuoit Bomast BB’. Hampasie-
HEe PacOpoCTPAHEHHA MOKA3aHO crpearamu. Ilorennuman mepen dpom-
TOM (T. €. TaM, KyJa BOJHA ellle He NPWINIA) Besje paBeH Hyao. Ilo-
3amd PpPOHTA IIOCKOA BOJHE MOTEHIHAN PaBeH efuEmNe. IloTeRmman
BHYTPH Kpyra AmpaKOud HEH3BECTEH; 3aJa4a W COCTOMT B ero Ha-
xoxpenun. Hyx\o ompefendTh rpaHmYHEe yCIOBHA AAHHOE Kpae-
BO# 3amadd.

Ipm momomum coobpakenmit, M3MOMKEHHEIX B mpeNLIyMeH craThe,
MEL yCTaHABIHBaeM Clefylolee: HA BepXHEH moiayokpykmocT:m ¢ =0,
Ha HIKHeHE HoJIyoKpYyKEOCTH =1, ma orpeske O'B ¢=1/,, ma camom
aKpane d9/0n=0.
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Ho pemarp 3amady AJaA BCEro Kpyra H3IHWINHE, TaK KAaK CyMMa
[IOTENIAAJ0B B CHMMETDEYHO pPAaCHONOKEHHHX TOYKAX BEPXHETO

I HH/KHEro HONYKDPYIOB DaBHA efMHHIE.
Urax, samava cBORETCA K HaxoxpeHmio ¢yExuma ¢(r, a, %),
yhoBierBopsawmeir B moaykpyre r<_ct; 0< a < = BOIHOBOMY

YpaBHEHHIO
02 r) 1 02
a ATRE I e T i 90 (1)
r 2 g ez Of2
HPIL PPANMAYHLIX YCIOBUAX
CP(Ct, a):O, (r Tt)"“ 1/f,, (P; (7‘, O) =-0

3aMeTEM Hpe)Kie Bcero, 9To B HameMm ciydac pedh upeT ob ogmo-
pofiHOM pemeHun BoJiHoBoro ypasieunsa. C pusmuecko#t TOUKE 3peHHESA
3TO 03HAJAeT, 9T0 KapTUHA puc. 1 ¢ TegenueM BpeMeHn YBeANIABACTCH
B JIHHEAHBIX Pa3Mepax IPONOPUHOHAJIBHO BpEMEHH, T. €. COXPAHAA
nojiobue camoirt cebGe. Mbl MOKeM MO3TOMY HCKJIKYATH JIA MaHHEOLO

ClIyJas BpPEeMeHHEId apryMeHT u3 ypaBreuus (1), BBexs GesMepHHIHE
aprymesr f (r/ct). Oguens ynobra 3amena

ch z=ct/r,
npusogaman (1) k ypasuenmio Jlanmaca
8%9)02% + 2))3a> = () @)
UpY TPaHUYHBIX YCAOBHAX
2) $(0, )=0[0a<lm], &) $(z m) =1 ¢) Qo (2, 0)=0

Bynem mcratp pemenume B BHAE

$(z, a)= % + 2 a,, COS mae=™s, (3)

Cymma no xocunycaM BrOpasa J1i1s Toro, yTo0H YA0BIETBOPUTH
ycaosuio c¢. [Hanee nmeem us (3)

4 (0, @) = ay/2 + X a,, cos ma.

C npyro#i CTOPOHEH, MO YCIOBUAM 3ajayM
0 0<a<m],
YO D=1 rcucom,
TaK 49TO
010 <<a<m),
0 _
2 +2amcosma—1 [x < @ < 2n].
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Hna Toro 4ToGH MONYYUTH Pa3nOKeHHMe MO KOCHHYycaM, N06aBum
YeTHOe OPOJOIDKeHUe 3TOM (QYHKLUM B 00NacTM OTPULATENBHHX a,
a IaA TOro 4TOGH YHOBIETBOPHUTH YCIOBHIO b, pasioKUM NpaBYio
vacts B pag Dypee 1no monoBuHHHM yriaMm. Mo nonyyumm

1 2 ~ cos (2k — 1) a/2
qJ(O, a)=%+2amcosma=?—?2mk—_ﬁrj”, (4)
m k=1
T. €.
% —1 (=t 1
M==—5— @n=g_1> H="

Ilopcrasnan aru smavenua B (3), Haxomum

2k—~1

1 4 cos(2k-—1)-;-e*_2—s
QP(Z, a)=f 1—'{2 (—D)FT(2k—1) [O<a<ﬂ]' (5)

k=1

Hopobparmaa Takum obpasom ¢yuruusa (5) yZoBieTBOpseT Kak
ypaBEERMIO (2), TaK W IPaHEIHEIM YCJIOBUAM @), 8)  €) & [IaeT, CTAIO0

0
0
, 0
Y Vo 0 __ra
0 1
at
] 1
?1
Pruc. 1 Puc. 2 Puc. 3

6mTh, pemenme 3afadm Lis BepxXHero moxykpyra. laa HmxEEro mony-
KPyTa HYKHO BHYeCTH (D) H3 eOUHMIIbI, mOJyIaeM
2k-1 s
o - 2kL
cos (2k—1) 5e *

¢ (2, “)=% 1+'i‘2 —DFT@k—=1) [ <a <0 (§)

k=1

@opmysr (5) m (6) MoryT GHTH mpencTABIEHE B KOHETHON dopme
(moppobHOCTE mpmBemeHH B Caefyomel cTaThe)

1 2 1
(P(r, a):i(ii;arctgl/c—&t—g—a). (7)
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3uaxn (—) # (4) OTHOCATCA COOTBETCTBEHHO K BEPXHEMY M HIIK-
Hemy nonykpyram. Qopmyaa (7) faeT 0KOHIATENbHOE PeNIeEHe 3aTadMd.

OJKBUIOTeHNHANHHKE JMHAN, LNOCTPOCHHHE HA OCHOBAHME BHI-
qagcaerui mo dopmyne (7), maobpaskens ma pmc. 2.

CIIYYAL HOPMAJIBHOIO HAJIEHHA

OfparmMess K APYToMy JaCTHOMY CJydal: IYCTh IIOCKAS BOJHA,
pacnpocTpagsaschk cHE3Y (pzc. 3), BcTpedaercs ¢ skpasoM O0’°A. Ju-
dparumonnoe saBrenme paspmBaerca B Kpyre r < ct. Cuesa coxpa-
Hserca OpouT npaAMo# Bonukl. CopaBa BO3HEKAaeT OTpaKeHHAs BOJHA,
pacmpocrpanswomascs B obpatHoM Hampasiesmu. Ilosagm ¢ponta
OpsAMO# BONHE ¢ =1, mo3agm QPOHTA OTPaKEHHOH BOJNHEL ¢ =2, mepex
¢pontom mpamoit Bommbr ¢=0. MokHO TaKme yCTAaHOBHTH, 4TO HA
orpeske OA” ¢ =1. Wrak, 1jia BepXHEro MONYKpPYra rPAHWIHbIE YCIO-
BHS TAaKOBHI:

0 [0<Ca<C =
o(ct, a)= [_m 2], e (r, m)=1, Pur (r 0)=0
1 [7<a<7\:‘]
un, nepexoias K ¢ysknumm ¢ (z, a),
0 [0<a<=
a) 90, a)= [ﬂ 2], b) ¢(z, =1, ¢)9,(20) =0
1 |:-—2—<a<rr]

Bynem mno-npexmemy mckats pemerue B ¢opme (3). B panmom
cayyae aaa ¢ (0, a) HY)KHO B3ATH QYHKIHEIO

0 [0<a<-’2i],
b0, =1 [F<a<F],
2 [321‘<a<2n].

Paznoxenne 3T0M (YHKOUE 1O KOCHMHYCaM IONOBHHHBIX YIIIOB
uMeeT BUJ

2VZ N, cos (2k — 1) a/2
$0, g)=1—— szc (Zk—i J
k=1

roe f,=1, 1, —1, —1, 1, ... .
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Taxmm obpasom,
2k ~1

o -
Oy cos(2k—1)ge ?

Yo =122y 2 0<a<zl (8)

k=1

S

B xomeuroMm BHJe pelleHne 3a7adYm TaKOBO:

2 cos%\’ct/r—i

ctfr—1-+4cosa ° 9)

1
¢(rya)=14 —arctg

Ha pmc. 4 m306pakeHH 9KBUIOTEHIIMANBHEIE JTAHAN JJIA PAaCcCMOT-
PEHHOTO CIy9as.

OBIIUY CIYIAU

B o6meM crydae Hamei 3ajjaid IJIOCKas BOJNHA HagaeT HA BKPAH
Oox mpom3BOABHEM yrioM. Ha pme. 5 msobpaskena obmas kapTmra
asiaenns. II10CKOCTH 5KpaHA COCTABAAET C HANPABIEHWEM DaCIpo-
crpanenzs yrox 3. CreBa — GponT mpoxoxsmei CHE3Y IPAMOM BOJHEI,

Puc. 4§ Prc. §

Tako# ke QpoHT mMeeTcs cmpaBa — TaM, T/Je BOJHA ellle HE [OULIA
mo axpaHa (upaBee Toukd A). JleBee Toukm A ob6pasoBanca yxe PporT
OTPaKeHHONX BOJHH.

T'papmannie yenoBust &) m ¢) ocraloTca [mias obmMero ciaydvas
TEMZ Ke, YTO W JJIsT PACCMOTPEHHOTO BHIIE YACTHOTO CIyIas, eCIH
OTCYATHBATH MepeMeHHHA YyToa o MO-IPEKHEMY OT IIOCKOCTH dKPAaHA.
UTo ke KacaeTCA YCIOBHA @), TO [AJIA HET'O MH IMeeM

0 [0<TaHY,
<P(Ct, a)=1 [‘3<a<ﬁ],

Bubupaa gua ¢ (0, ) ¢ymxnumo
0 0<a<H,
40, =1 P<a<2n—3,
2 [2r — ¥ <<a<2n]



u He#cTBYA AHANOTMYHO NpeHAymeMY, M0JY4YHuM
9 a - %1,
4 Sin(2k—1)zcos(%k—1)5e *
$(z,0)=1—— T [0 <<a<x].

T
k=1

(10)

B wacrrOM carygae HopMaabHOro naferus = /2 u (10) mepexopmar
B (8). [Ipm cKONBKEHEE BONHH NAPANIENIbHO 3KPAHY Y= = MH DOJY-
gaeM (5).



HECTAITUOHAPHOE WU3JIYYEHHE IMOJYIIJIOCKOCTU

1. PaccmoTpmM axycTmueckoe manydenume mosymiaockoctu. Hac Gymer
HHTEPeCcOBaTh KAPTHHA fABIEHAA OKOJO0 Kpas HOMYILIOCKOCTH M Peak-
LA CPONH.

ITyerp ABm:eHme MONYMIOCKOCTH COBEPIIAETCA HO 3aKOHY

0 [¢<0],

v =00, (t) :Uo [t >0],

rpe v — HOpManabHasAs CHKOPOCTH.

O6mas kapTAHa mosiA moxasama Ha puc. 1. Ecid ckopocTs Hanpas-
JeHa BBEPX, KaK IIOKA3aHO CTPENKOi, To cBepxy obpasyercs ¢pont
IOJNOKATENbHOA BOJHE C gaBJIeHHEM

Do = 0U,,

Tie © — BONHOBOE COIPOTHBIEHHE CPENH, a CHE3Y — (QPOHT OTpH-
LaTeabEOE BOMHE. B mumimapgpe r < ¢f, 0Ch KOTOPOrO PacIOJIOKeHA
BJIONb Kpas momymiockocTd (Touxa O B mpoexumm puc. 1), Gymer
Pa3BuBaThECA FAPPaKOEOEHOe ABIeHZe. JlaBreHme Kak QyHKIAA Bpe-
MEHH W KOODAHMHAT yAOBIETBOPsET BOAHOBOMY YPaBHEHHIO H I'PaHMd-
HEIM YCJIOBHAM

P=D, opu r=ct u 0<a<ln/2,
p=0 opu r=ct 1 w2 < a<3n/2,
P=—pD, opu r=ct 1 3rn/2 << a < 2m,
0ploa = —p,0v/0t mpu a =0 u /ot = v, (t),
T. €. MB HMeeM JWIIb HAJaNBHHA HMOYNbC; B faibEeiimem Op/da
ocTaercsa pasHOR mymo. TakmM 06pa3oM, HCKOMOE pelleHue ABIAeTCH

onropofnHM. IlpumMeHssi Merogmky, H3NOKEHHYH B IpeNHAyMEel
CTaThe, HAXOAWM pelleHde 3afadd

L e
— — 2
po = k 2k —1 ’
k=1
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rre f,=1,1, —1, —1,1,...; p=ct/r=yc¥?*r2—1*. Usobapu
NOKAa3aHH Ha pHC. 2.

2. PaccMoTpeHHRI Ciydail MOKHO OPeJCTaBHATH, KaK eClu GH ofHA
CTOPOHA HENOABHKHOM MOAYIIOCKOCTH BHE3aNHO NMOKPHIIACH HOJO-
JKUTEAbHKHIMA HCTOYHHKAMH, a Apyras CTOPOHA — OTPHNATE]bHEIMH

Puc. 1

(puc. 3, a). IlpepcraBasAer mETEpeC BOOpPOC O TOJE, CO3ABAEMOM HC-
TOYHEKAMH, PACIOJO)KEEHEIME TOJBKO HA ONHOH CTOpOHE HOJYNJIO-
cxoctm (pme. 3, 6). dra 3agada, Kak u OPeRHAYINas, MOKeT GHTH CBe-
IeHa K KpaeBol samade [Jisa HOJXYKPYra, eCIH BOCHOJNB30BAaTHCA TeM
06CTOATENBCTBOM, 9TO HAIIK 33aYA He TOABKO KOPPEKTHO IOCTaBIeHH,
HO pemeHHsA 3aBHCAT OT 'PAHAIHHX ycaoBmi smHeirno. Mimage rosops,
HANO0)KeHMe TPAEMYHNX YCIOBHA DPABHOCHJIBHO HAJOMEHHIO DEIeHMmi
z obparHo.

Pue. 3

Uwmes ato B By, pasbepem cHadaxa ciaydaid, Korga obe CTOPOHE
MONYIJIOCKOCTE  IOKPHBAITCA  MOJOATENABPHHME HCTOYHEKAMA
(pmc. 3, 6). Cpasy BupgO, aro Ha 0"4" momxHo 6uTH dp/da=0. Uc-
TONB3yA BTO YCJIOBHE, HOJydaeM

1 4 cos (2k — 1) ap2k-1
T\ = === (@)

£
Po

U306aps fiA 8TOTO crydas m306paskeHH Ha PHC. 4.

* JlogcraBOBKA p=ct/r—\/c2t2/r2—-1 TepeBOAAT BOJHOBO® yPaBHEHAS
B ypaBHeHH® Jlannaca B DONAPHHX KOOpAUHATAX p, 4,
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Yo Kacaercs cirydas puc. 3, 6, TO IeTKO BANETH, IT0 OH IOJIyIaeTcq
B pesylsTaTe HANOMKEHHs DHC. 3, @ X 3, 6. AHAIUTHIECKOE TIPeSCTaB-
JleHme NABJEHMA NOIydmM, cocTaBmB moxycymmy (1) m (2). Usobapu
nag caydas 3, 6 HOKa3aHH Ha PHC. 5 (3TOT PHCYHOK He O9CHB TOYeH,
TaK Kak IOXyd9eH rpadumiecKuM CyMMupoBarmeM m3o0ap pue. 2 m 4).

Pac. &

3. CymecrenBo maiiTm mpencraBienne pemernit (1) m (2) B xo-
meguoit popme. Hagmem ¢ (2). Mu mmeem

@
2 cos (2k —1)%2*1 _ pcosa  p3cos3az | pScosda
()T (@2k—1) 1 e

= Re [%j—“—("—e;-a—)g-l- (Pes—i'a—)s — .. .:,: Re [arctg pe/?].
Hamee

. { 2 ; 2b
arctg (a -+ jb) = - (arctg T—-a%ﬁ' - j Arth TTaT bz) .

Y mac
a+ jb=p(cos a- jsin a)

u, cTano OHTB,

1 2p cos a
Re [arctg pe/s] = — arotg S — o=
1 . 2 —
= arcsin po0i e - =—1- arcsin ———oo8 % S
2 VIt p2)2 — 4p2 sinZa 2 Ve22)r — sinza

¥ OKOHYATeJBHO [JA CIydas pHc. 3,8

1 —CO
_P_=_ arccos :c___—s—a—__ . (3)
pp = Vei2/r? — sinZa

Herpyneo malitm m ypasmenme usoGap (puc. 4)

ct V P 1
—_—— /4 —_— 2
- sin?a 4 & cos?a,
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rape

N ==cos?rn 2
0

Hecronsko Tpymuee nHaBiT komeumoe Bupaxenwe ana (1). Ham
HY)XHO MOA006paTs QYHKIHMID, HPEACTABISEMYI0 PALOM

F=z+5—2 2424 4)

3peck npumeTcA BOCHONB3OBATECA MUKANTHOCTHI PAAA MO CTe-
newaM \/j . Mu nonyuim

V2 - .7
F(z):—z—-[ arctg \/j z — arctg j\/j z].
Honcrasnsa z = (pe7*)'s u npomennBas BHKIAZKE, HAXOTHM

Ve (1—p)cos

r_1 P
T arctg 2/2 T —Zcos =

MM, OEPexOfs K arccos W apryMmesty ct/r,

P 1 recos SHUr—t—cosa . 6))
o ® Vet2[r2 — sin2a

Ypasrenue m3ofap (puc. 2) uMeer BHL

2
ct—_2cos2—;-j_-VN (20052%) — N (1 —N)sin2a 6
T t—N : ©)

4. Tlepei#ineM K BOIpPOCY 0 POAKIOUH CPEIH HA M3AYIAIOIMYIO DOJY-
nnockocTs. Eciam 65 ox0I0 Kpas ORUI Pacmoiiomkes GeCKOHEUHHIH
IUIOCKAR BKpPaH, NePHeHJEKYIAPHHA K moxymiaockocrm (pme. 6, a),
TO YCIOBHA M3JIYYeEHs NIA TONYIIOCKOCTH HE OTIHYATHCH OB OT
ycloBuit aiA GeCKOHEYHOR IIOCKOCTHE, W MH MMelHm GH HA HONYIIO-
CKOCTH JaBJIeHUE

pozwvo [t>0]

Ho Gnaromaps sABieEMAM y Kpasd B IpefesnaX IONOCH IMEPHHOH
r=ct JaBIeHHe OKA3HBAETCA MEHBIN® D,, A CIEJOBATEIbHO, yMEHBb-
maercd @ o6mas CWia PeaKIuE CPefi. JTO YMEHLIIOHHE PeaKmuH,
ompenenAlmee DepexXofHOEe CONDOTHBIEHHE N 3-
Ny9eH XA NONYLIOCKOCTH, MEl HONCIATAEM.

Cmia, geficTByIOMAas HA DOJOCY ITUPHHOL 7 B HIHHOHA (BLOAB Kpas)
eIMHUNA B ciayuae pmc. 6, a, paBHA

F 0= 2por.
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B cnygae pue. 6, 6 gaBieHEe HA MOJYMIOCKOCTb HOXYIAM, IOJO-
xae a=0 B dopmyne (3),

p= % arccos (—r/ct)

H CHJIa

r

F=-2—P-°S arccos(
T

.’%) dr =" =1 2p,r 2 0,68F,

c 7

B cnyzae pume. 6, ¢ npumensem gopmyay (5) opm a=0

p:%garccos (1 ——~2-:—t>

“+4y#++++++ — .l e e . . e e S
” a 8
+rb b+ttt bbbt
¢ 2
Prnec. 6 Puc. 7
a c;lja

r

2
Fz%g arccos (1 _2%)dr=p0r=0,501—”0.
0

Haxogmer, B caygae pume. 6, 2 na BEPXHIOK CTOPOHY IOJYIIOCKOCTH
JeHCTBYeT maBieHHE

P = %[arccos (—{?) -+ arccos (1 —2 %)] s
a Ha HIUKHIOI
Do = 5—1‘:[ arccos (—- {—t-) — arccos (1 —2 &)}
Pasunoers paBnenuit
J 2 —p2=%9 arccos (1 —2 %)

A cujia
F = pr=0,25F,
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Mu nmonydmam pemenme (3) Ajas caydas pHc. 3, 8, TPAKTYA 3TOT
cnyuail Kak KpaeBylo 3afazy. ONHAKO ClegyeT 3aMeTHTh, 9TO 3Ta
3ajada He ABIAETCA NEPPAKIMOHHOA, H MOKET OHTH, KaK dJIeMEeHTap-
Had 3a7adya H3IydYeHHUs, CpPasy Ke CBefeHa K KBagparypaM. Ilpogenaem
Heo0XO0MIMEle ISl STOr0 BHIIHCIEHHA.

HKaskppiii 9IeMeHT NIO0CKOCTH, ABIMKYIMEHCS ¢ HOpMAaAbHOH nNmBeH-
HOHM CKOPOCTBIO U, ABIAETCA MCTOUEHKOM C HAUPAKEHHOCTHIO

du = uvds.
Toueunnit @CTOYHEK dui CO3[JAeT Ha paccTosaam R WOTeHIHAJ

d‘? — du (‘t —rfc)

27r

E [aBJeHHe
d
dp = py5; d%.
Y =Hac
v =10,0, (2),
TaK 9TO

dp = pelo :L%r-:rm ds.
BrGepem (puc. 7)
ds = adadf = rdrdp.

Masnenve B Touke A4

o

p.__.gg’g d [, (t_@dp:%;!i Boo, (¢ — ) dt,
riue

r
— ——C0Ss a

.
12— = sin2a

IpuMeHsAs NpasWila HHTEIPUPOBAHUA BHpA)KeHMH, COJepiamux
paspHBHEe MHOKATENH |, HAXO/IM, OTOPaCHBAS MEOKHATENH Gy (t—hfc),

::%, B, = arccos

r
~—cos a

=

t2—-c-§sm a

1 4. A. Xapresus. O PasPHBHEHX QYBKIAAX. Hayun. sam. JIbBOBCK. HOJIHTEXH.
me-Ta, 1947, Bam. 81.

D :%:2 arccos




CTENEHHBIE PYHOPHI B CTOKCOBBI IIOJMHOMBI

1. CrenmeHHEHMA HABBIBAITCA PYIOPH, pacmnpﬂlonmecﬁ 00 3aKOHY
S =az”, (1)

rge S — OJOmMaxb IOIEPEYHOr0 CeJeHHs PYMopa; T — KOOPAHHATa,

OTCUMTHBAEMAadg BIOJb OCH pymopa.
OpEoMepHOe BOJHOBOE YDPABHEHHE [IJIA BOJHOBOJA C MEPEMEHHHIM

cedyeHdeM TIJIaCHAT
Sl
P+ Rp =0, @)

Tme p — ma0HTOYHOE faBieH@e; k= w/c — BOJHOBOE WHCJIO.
Ucmonpsysa (1), momygaeM ypaBHEHME CTEIEHHOTO pynopa

2n
P+ p +kp=0. ®3)
O6HLI9BEI TPEEM pEIIeHHA ITOIO0 YPABHEHHA COCTOMT B TOM, 4TO
IOCTAHOBKOU
Y= px”"/z
npusopar (3) k ypasuHeumo Beccenss m moayuaror pemenme B Geccele-

BHX (B 9aCTHOCTH, XaHKeXEBHX) PyEKmuAx. OrpaHmImBaTCH 0GHIHO
NeJHIME 7y} OPHE_ 9TOM peImeHHe BHPAMKAETCA Uepe3 3JIeMeHTapHEe

¢yEKIEE.
2. Bosmoen apyro# nyts. Bymem uckaTts pemenue B BUAE

p =4, (jkz)™ e-7*f (jkz) (4)

(A, — mocroanHaA).
ITopcranoBka aroro Brparkenua B (3) Xaer

p—2p == p=o. (5)

Qyuxnua f,, (jkz), ompepeademas ypasuenueM (D), mpejcTas-
nger coboit monuHOoM, BBefeHHHR CTOKCOM.
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CTOKCOBB NONHHOMBEI HMEIOT CIeAYIOMUH LBUF

fo(2)=1,
h@)=1+
h@=1+3+7, ®)

@) =1+ +242,

.........

_ n+1 (n—1)...(n+2) 2 3.2n
(z) 1+ + 2. 422 + - +2 4-6...2n2"°
Wrax, (4) maer pemenue BoJiIOBOTO ypaBreuus (3), BhpaskeHHOE
"epes CTOKCOB mosiuHOM nopsnka n—1. Us (4) cpasy Bugmo, 4ro B cre-
NeHHHX PYOOPaX JHECHEPCHA OTCYTCTBYeT.

3. OcHoBHOM 3apgayeli Teopuu pYNOPOB ABNAGTCA HAXOMKICHHE
BXOAHOTO CONPOTHBIEHWA DPYNopa, ONpejelaeMOro Kak

3=pS/v, Q)

Pie v — KojlefaTenbHAA CKOpocTh. B cuny ofmed cBASE MeXIY p

U U yepes norernuan ¢ (p==p,de/0t, v=—0¢p/0z) MomeM sanm-
catb (7) B BHge

3=—JjkwSp|p'. ®)
Hudppepennupysa (4), monyaum
P = — Ak ey res [ (e 1), — Fo. (®)

Ho u3 (6) MoskeT OHTH BHBeJEHO CleAyIOIjee DPeKyppeHTHOe
COOTHOIIeHME:

(24 1) fa @ —fra ) =1, (10)
u, TakuM obpasom,
p' = —A,jk (jkz)e~9%*f  (jkz). (1)
s conpoTHBNEHNS CTENeHHOT0 PYNopa moiyyaeM OKOHIATeNbHO
f’(—] (]k‘t)
=28 ) (12)

yTo mnpepcraBiger coGoll wHambonee mNPOCTYIO (GOPMY BHpa)KeHEA
STON BEJIHMYMHH.

4 Moser GHTH MOKa3aHO, 4TO JAf CTOKCOBHX monuHOMOB (6)
ClpaBeIEBO CIEeAYIollge PEKYPPEeHTHOE COOTHOMEHHe:

f@ =22 () 1 (2) (13)
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unn

—1 —
fa(2) =2nz _l_frt 2 ( (14)

fa1(2) 71 (7'

IlocnexoBaTenbHO NpPUMEHAA 3TO COOTHOIIEHM®, MOKEM lpejcTa-
suth (12) B BuRe HenmpepHBHOH ApoOH

1 1

’ 15
3= fn/fn—l n"i_l_ ! ( )
jkx 2n—3 1
jkx 2n—5 1
Jkx +am =7
jkx
B wacrHOCTH,
, 1 . 1 . 1
h=—71 > &=73 1 = 08775 3 1
7Ez 1 FtT ;;g—l-]-—k;-l—_i——i (16)
jkz jkz

A T. I
5. 3ameuag, ITO

jhzwS = jopyzS = jom  (m = pyeS),
wS|jkx = pyc®S[jox = 1/joc  (c = z/pyc2S),

moeM Ha ocHoBammE (16) cocTaBETH 3IeKTPHYECKHE HKBUBAJTIECHTHEHE
cXeMH BXOJHOTO CONPOTHBIGHASA CTENEHHOTO PyIOpa B AyXe IepBOi
CHCTEMH  B3JIEKTPOMEXaHHIECKHX

s amagiormit (pme. 1). 3amerum, gro

n=1 m v gag n=1 (koEmIeckmi pymop)
r SKBEBAJIGHTHAA CXOMa COBIajaer

¢ 9KBHBAJIGHTHOH CXeMO# compo-

=2 m ws THBIGHHs HIAPOBOH AHTeHHH Hy-
3 NeBOTO MOPANKA, KAK OHO I

i DOJKHO OHTH, TAK KaK B KOHE-
J JeCKOM PYIIOpe PacIpoCTPaHseTcs
m wS OTPaHEIeHHAS ompeneleHHNM
TEJIECHEM YIJIOM IMAPOBas BOJHA.

6. HenaTenbEo TaK:Ke HOXY-

g £ 9HTH DKBHBAJEHTHYI0 CXeMy Aid
4 % § % w$ COOPOTHBICHAA SKCIOHEHIHAIb-
o— HOTO Pymopa, ABIAIOMEroca, KaK

H3BECTHO, IpPeNelbHBIM YIeHOM

C
7 3 ceMeiCTBA CTEIeHBHX PYIOPOB.
n=§ %’ % g m§ gws Hcexoms m3 coormomenusa

Pac. 1 S = Sy,




nojgydaeM JAJas COODOTHUBJIEDUA

KR 1

w8 wpfje + VT —(wgfo)? ©

3amedas, 4TO

Wy a _i i
JowS ™ j2wpyS T 2 .]-u_)—r;z(

m = pyS/a),

MOKeM HOpe/ICTAaBHTh DKBHBAJEHTHYIO CXEMY 3KCIOHEHLHAJBbHOTO Y-
mopa, KaKk DOKAa3aHO Ha puC. 2.

e B T

Pnc. 2 Prc. 3

IIpm Bceir cBoe# mpocToTe 3Ta CXeMa HEOPHATHA TéM, 4TO B Hee
BXOJHUT 3aBUCAMAA OT JaCTOTHL IapaMerp

_ wS
VT (egle)?”
Ilo BHpakeHNIO Jusg r HeTPYAHO y3HATH GOPMYNY 1A XapaKTe-
puctmueckoro conpormsienns [I-sena
7 — 22y
" \/1+4Z2/7.1
B mamem cnyuae
2, = jom, z, =1/joc (m = p,S/a, C=1 [pyc?aS)

1 HKBUBAJIGHTHAA cXeMa OPHHEMaeT BHJ (GecKOoHeuHoro GmapTpa Bepx-
HEX 9aCTOT ¢ HECHMMeTPHIHEIM BXopoM (pmc. 3).

16 A. A. Xapxesud, T. 1



HOBBINI METO[ PENIEHNA JUOPARIMOHHBIX 3ATAY

1. CymumocTh mpefIaraeMoro MeTofa CBOJHTCA K CIEHYIOImeMy:

1. Nlampasa pappaxnuoEHad 3amada GopMyIHpyeTcsa KaK Kpaesas
C OUpeJeNeHHHME YCIOBAAME Ha TIDAHHNAX HEKOTOPOHX obaactw.

2. 9ta obunacrs mpeo6pa3oBHBaeTCsd (BEMECTBEHHO) TAaK, UTOGH
TDAaHETHEE YCIOBAA COXPAHMIECH, HO 9TO0H mOZe B IPe0dpasoBanHoi
obracTE Morio OHTH HEmOCPE[CTBEHHO BHIDAREHO B KBaJpaTypax,
KaK B 3JeMEHTAPHOM 3a7jade A3IYIEHUA.

3. Ipm nomomu ¢opMyH, BHpaskalomMux BHOpaHHOE mpeobpaso-
BaHEe O6JACTH, W3 pEIIEHAsS BCOOMOTATENBHOX B3aTadd HM3ITYYeHHS
HONYYaETCA MCKOMOE pemeHme AHPPAKTUOHHON 3aTadud.

2. IMoacamm Meron ma mpmMmepe. IIycTs mmercsa moie, BOSHEKAIO-
mee Ipd TuPpaKIEE eTHEATHOA IIOCKOH pa3pHBHOM BOMHE HaBIEHAA
0T IPAMOJUHEAHOro Kpasd moxy0ecKOHEIHOTO dKpaHa. Boama pac-
OpoCTpaHAeTCH NaPAIEIbHO INIOCKOCTA SKPaHa B QPOHT e€ JOCTHraeT
sxpara B Moment t=0. Ilepen ¢poHTOM €IUHEYHOA BOJHH JaBJIeHHE
paBHO HYyI0, mo3agu ¢ponTa — enmEENe. [mppaknmoHHOE ABIEHEE
pasBEBaeTca B mEIEHApPE papmyca ct. Och DUImHEIPA — Kpait sKpaHa;
3ajja7a ABAAETCA INIOCKO#E. I'paEmunke yciIoBHEA TaKOBH: Ha BepxHei
monyoxpyxeoct p=1 (pme. 1), ra HmKEEHX moayOKpYRHOCTHE p=0.
Ha o6omx Geperax paspesa AC dp/On=0 (sxpam mupemmoiaraercs
JHECTKIM).

Ilpm sTEX TpPAHWYHHIX YCIAOBHEAX NABICHHE [OJMKHO YIOBIETBO-
PATHL BOJSHOBOMY YDaBHEHHIO

o2p 1 op, 1 o2p 1 42
mtT e tr mam = 1)
3agada, TakuM 00pa3oM, IOCTABJEHA.

3. PaccMmoTpEM BCIOMOTraTelIbHYI0 3afady. IlycTh mOMYIIOCKOCTH
mokpuBaerca npm =0 HCTOYHMKAME TAKOH HANPAMKEHHOCTH, dTO
ecIH OBl 9TUMHA HCTOYHMKAME HOKPHIIACH BCA MIOCKOCTH, TO OHA HBNY-
umna OH eNWAMYAYI0 BONHY AaBXeHMA. [[PyraMu CloBaMm, HOPMAalb-
Hasg CKOPOCTH NO/UKHA OBITH BHOpaHa B Bmie

0 (t<C0),
vzé%(t)=1 (¢ <0) 2

rge w==p,¢ — BOJHOBOE COUPOTHUBJIEHHE CPEHEI.
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Hapruaa aBneHus 1moKasana Ha puc. 2. Kpad manyvaiomed moiy-
wrockoerr maxonmrea B A”. IMoaynnockocrs ciesa or A" ecTKa H
HenongBmwkHa. I'pammusnie ycaosusa: p=1 na myre C'B*; p=0 na
xyre B'D’; 0p/on=0 rax na D'A', Tax u na A'C’. Tlone BHyTpm nouy-
kpyra C'B’D'A’C’" nerxo Ha#Ta.

Mu umeenm

et —
ap=po = 43, 45 = 29ada = 29RdR

(cm. pue. 3). Ianee

cos B
V{RJp)z — sinz3’

¥ = arccos

U MH UMeeM, NpUMHAMAad BO BHVMAaHHE (2),

@®

p=1 [P el — =100 —%).
ple

TaxuMm oGpasoM, BHYTpH NOINYKpYra p < ct aBneHAe BHPaKaeTcHd
dopmyaoi

1
—— — arccos ———————
P=x ]/f ¢t \?

970 W nOpejcTaBaAeT co00H pelrenue
BCIIOMOTaTeNnbHOM 3afayd HU3JAYICHUA.

4. CpasamBaA rpaHmYHLIE YCIOBHS
OCHOBHOH ¥ BCIIOMOTATeNBbHOH 3a7ad,
MK BHEAEM, 970 TPaHAYEEE YCIOBHSA
ofemx 3apmad COBHIALYT, €CIHW YBEIH-
9@TH YTAH BTOPOM 3afaddm BHBOE. pm
arom pmc. 2 mepeiizer B puc. 1. Crano
6BITh, OfNHa W3 (GOpMyI mpeoGpasoBa-
HES TONYKpyra B KPYT uMeeT BUJ

a=2. )

Puc. 3
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Haiinem ¢opmyny mpeoGpasoBanms pagmycos. IlomcraHoBKOI
chz =%
r

npusegeM BoiHOBoe ypasmerme (1) K ypaBreEmo Jlammaca
0%p[dz* 4 9%p/da = 0.

QueBmIHEO, YTO MH MOX{€M, He M3MEHHUB HTOr0 YPaBHEHUA, YMHOKHATH
o6a apryMesTa Ha OZHO M TO K€ YHCIO. BBOAA BMeCTO & HOBHIA yroJ
2B, MBI TOJIKHBL COOTBETCTBEHHO 3aMEHWUTH z 0 PopMmye
z=2y,
rae
ch y=ctfp,
TAK 4TO
chz=ch2y=2ch?y—1,

¥ M monyimM (opMyary mpeo6pasoBaHHA DPajmycoB
ctfr =2 (ctfp)> —1. (5)

Gopmyas (4) u (5) aloT AEBapWAHTHOE [0 OTHOMIEHUI0 K BOJIHOBOMY
ypaBHEHHI0 mpeo6pa3oBagWe MOJYKPYra B KpPYT.

5. Ocraerca mogcTaButh (4) m (5) B (3), 9T00H mOAYyIATH peLICHHE
Hamre# gmdpaxknmonHoi 3amazm. M HaxomuMm

i\’icos—g—

— — arcCos ———————.
P=z Vetjr + cos a

()

@opmyaa (6) 6ema moxydena pampme gpyraMm cmocobom l.

1 A. A. Xapresuu. HecraumoHapHas 3afada 0 KAGPAKIAR MIOCKOH BOJHAEI OT
opsaMonuHeiHOro kpad. JHypH. Texm. ¢ms., 1949, 1. 19, N 7.



YPABHEHUNA ARYCTHYECKON CHCTEMbBI IIEPEJAYU

1. AkycTmyeckod cHCTEMOU mHepemadd HA30BeM COBOKYMHOCTH JBYX
aHTeHH, Ka)K[gasd M3 KOTOPHX MOKeT OWTb KaK HmaaygaTeieM, TaKk H
npueMEAKOM. PesxuM cmcreMbl 6yeM OIMCHIBATH IIOCPEICTBOM BEJH-
9UH CPEJHEro NaBJeHHEA U 00beMHOH CKOPOCTH, IOJAaras, 9TO HHE OfHA
H3 STHX BeJMYHH He paBHA TOMIECTBEHHO HYylo. MHage rosopsd,
HCKIIOYAM NOKA M3 PACCMOTPEHHMA MYJILTHIONbHLE AHTEHHH.

Mer MoxeM 3anmcaTh ypaBHEHHA CHCTEMH Iepefadu B ciegyiomeM
obmeM BmIe:

P1= €18y + Crplly, Dy = Co1ll; + Coglky. 1)

3ech MHNEKCH YKAa3KBAIOT, K KAKOA M3 IBYX aHTEHH OTHOCHTCA JaH-
Has IepeMeBHas BeJIHIMHA; Kod(QQHIEEenTH ¢ ; MH cefAdac OIpPeleNnM.

2. IonoxuMm, 9To anTeEHA ] H3NyYaer, a aHTEHHA 2 3aKpeIIeHa
Tagr, 910 u,=0. Ha moBepxmocru aBrenHH ] JaBleHHe B Pe3yJIbTaTe
m3ayuenmd Gymer

Pu=Zy.

Boxma faBIeHHs, PACHPOCTPAHAACH, NOCTHTaeT AHTEHHH 2, HaXOmA-
mefics Ba paccroarmn [. [laBieHme IpE OTCYTCTBAR AHTeHHH 2 6510 65

Pa1 = Pufi (),

rie f, () — GespasmepHas OQYBKOHMA KOOPAMHAT MECTONONOKEHHA
aHTEHHHl 2, 3aBHCAIMAA OT cBoicTB anTeHHH I. Bemepcrsme mammama
aETeHHH 2, Befymel ce6s Kak TBepHOe Tel0, BO3HMKAeT AAPPAKIAOH-
HOE IIoNIe, B Pe3yJabTaTe Yero HA MOBEPXHOCTHE AHTEHHH £ MOXYIHTCH
mo6aBouHOE CpefHee AaBIeHHE, OTHOIIEHHE KOTOPOro K JABIEEMIO Dy
MEL 06o3HAUmM uepes ¢, (0). JEPpaKimoHHOe mOTE AHTEHHH 2, pac-
IpocTpaHAACch 06paTHO K amTeHHe I, CO37aeT Ha PaccTOsHEM [ OTHO-
carenpHOe maBieHme P, (). Tak Kak ckopocTh aHTeHHH [ 8ajaHa, TO
BO3HEKAeT [HPPAKIEA CHOBA KAaK OT TBEPHOrO Teaa, ITO /iaeT Ha IO-
BepxHoCTH amTeHHH ] A00aBOUHOE HaBleHHe, YIATHBAEMOE MHOM-
remeM ¢; (0) m . 1. Bee sro paccy:xueHEe HArIAAHO HNPEACTABIAELTCA
BOJIHOBO#M CETKOH DPHUCYHKA.

Ecxm npocyMMmpoBaTh BCe Claraiole CpejHero AaBIeHHA Ha
IIOBEPXHOCTH AHTEHHH I, TO HOJYYATCA

pr=pn{l+HO e+ O+ AOFO e O + e (014
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OTKYRa H (0)]
¢ (1) [1 + 91 (0) . y
en=2] =2,(1+LOBETEG). @

CyMMEpysA AHAXOTHYEEIM 00pasoM, HONYYUM JaBIeHHEe HA IO-
BEPXHOCTH AHTEHHH &

P2‘=P11{f1 on F+ O+ (D) e D)1 +eO004+ ...},

; 1+ (0)
OTKY/a cy =1 2o = 20 O T e )
1 ) 2
Py LDy fy ()

Pufy (g2 (1)
Pufi(1)g(1) g, (0)7]
Pnfilgiig, ()]

Puf (V9FDg(1)g,(0)

> Puifi(Dg2(0)

N pyfir(Lgs (Dgy (1)
Pufr{0gz(0)g,(L)g,(0)
Pt (Vg5 )gfl)
— Puf ) gH 3D g0

3ravenna K03)PHEIAEHTOB C1y H Cpp mONyTAOTCSH B3 (2) & (3) mepe-
cTaEoBKOi mHIEKCOB 1 m 2; ypaBrenma (1) moay3IaroT BAL

[URE! 0 1
=2 <1+f1(l)%>ul+z?j2()%uw (%)

1 0 n[t 0
P=25{1 1;?12)(?7)_(2— b+ 2, (1 +72(0) <P11 (—) 591 ?l_)f:z((l))]> Ua-

3. [laa npuMeneHHEs ypaBHEHHIA (4) clIefyeT yTOYHHTH OIpefeye-
HUA BXORAMEX B KoahduumenTn ¢ymxnuit f u ¢. f(I) ecTp oTHOmEHHE
TAaBJIEEHA B CBOGOMHOM [OJe HA PACCTOAHAM ! OT m3aydaomei anTeEHE
K ITaBjgeHmio Ha ee moBepxHOCTH. ¢(0) ecth oTHOImEHHE CpeZHEIo faBie-
HHAsi, BO3HEKAIOMEro BCAeNCTBHE MHPPAKIUE HA IOBEPXHOCTH OTBEp-
JeBIIei aETEHHE, K TaBJICHMIO B CBOGOHOM [0 (T. €. IPH OTCYTCTBHEA
anTeHHH). ¢(I) eCTh OTHOIIEHHE [|aBIEHNA, BOSHAKAIOMIETO BCIEACTBHS
mmppakmEE OT OTBepAeBIIeH aHTEHHH HA PACCTOSHHA [ 0T Hee, K ja-
BI€HHIO B CBOGOTHOM IOJE B MECTE DACIONOKEHHSA AHTCHHEL.

Bce pymrmmm f m ¢ OAA CTammOHADPHOIO PEKEMA IPENCTABIAIT
c000it fyHKIEE apryMenATa jo B ABIAITCA, CIETOBATEIbHO, KOMILIEKC-
HuME BenrwymEaMu. B Gonee o0meM NHOREMAHHE 3TH QYHKIHH SB-
JIAIOTCH NAMIACOBCKUME H300DayKeHHAMHA COOTBETCTBYOMEX (yHKIAE
BpeMenH, T. 6. QyHKRMEAMHA omeparopa p. OyHKOEE ¢ TpeRCTABIAIOT
coGoit o6obmerme KosdUOEerTa OTPAKEHHA.

246



TlosscEuM 3TH ompefieNeHMss HA mpocTedmem npmMepe. IlycTs
cmcTeMa Iepefiady COCTOMT W3 ABYX NODIIHEH HA PAcCTOAHAH [ ApyT

OT ApYyTa B OANMHAPHEIECKoH Tpybe efunnanoro cedenus. B atoM ciay-
gae Mbl HIMEeM

Z2,=2,=w, L) =1(l) =e#te, ¢ (0) =9,(0) =1,
o ()= () = s

IlopcTaBaas 5TH 3HAYEHMA B BEIPAKEHAA A KospdEIEenToB
¢, TMOTyJaeM YDaBHEHHA CHCTEMH B BHfe

w

l
py=wcthp—u, + —w—l- s, Dy = Ty tweth p—lc-u2 N G))
shp - shp r

4. B xavecTse ogHOTO m3 npuMmenenmi HaineMm dymrumio ¢ (0). Ilo
TeopeMe B3aWMHOCTH JOJIKHO GBITH

€12=Ca1,
OTKYZa

Zfy (O + 2. O1=Z,:/, () [1 + 92 O,

nin

1+9,0)=Z5- L+ 9. O ©®

®opumyaa (6) Beipamaer B o0meM Buje COOTHOIIEHME, H3BECTHOE
VIS 9aCTHOTO caydZas mof HazBammeM 3akoma Iorrkm. Ilpm momomm
dopmyar (6) MoxEO HaiTH faBieHEe, BO3HEKAMee B pe3yiabTare
quPpPAKOEA HA OOBEPXHOCTH AHTEHHH I, eCIE H3BECTHH €e Xapak-
TepHCTEKE Z, W f; W €CIE M3BECTHH, KPOME TOr0, BC XapAKTePHCTHKH
IPOEBBONBHON BCLOMOraTeNbHOH aHTEHHH 2.

BrubepeM, HampEMep, KaK 5To OOHYHO H JelaeTcs, aHTEHHY 2
B hopme MaIoro MapuKa pajmyca b(Manas aHTeHHA HYJIEBOTO OOPANKA).
B arom cayuae

i
¢

b b F
Zzz—gp-z-, fz(l)=-l-e ) 3 (0)=0.

Iopcrasus ato B (6), moxymm

I
Lo, O =pae Zofi (). Q)
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TlosokmM, 9TO MBI XOTHM 3HATH CPeJlHee JaBJEHME Ha TOBEPXHOCTH
mapa panmyca a. Jlis raxoro mapa

P -pt
Z,=2-——, L(O)=7e °.
BEE N s
IloncraBnsas B (7), Haxogum
a
p—
L +o0) =175
c

(9roT e pesynbTAT MOKET OHITH HOJYYeH KJIACCHIECKAM MeTONOM
PA3lIOKeHAA PelIeHniA BOJHOBOIO YPABHEHHA IO CPepUIeCKuM HyHK-
quAM ImyTeM ropasgo 6ojlee TPOMOBJKEX BEIKIANOK.)



IHEPTETHYECKHUE COOTHOWEHHA
B HECTAIIMOHAPHOM AKYCTUYECKOM
BOJIHOBOM IIOJIE

JHepreTHIeCKAE COOTHONEHHS B II0JNE CHHYCOMOAJBHHX 3BYKOBBIX
BonH oOmemsBecTHH. Ho [asi HEKOTOPHIX CIydaeB HECTAUMOHAPHBIX
BOJIH IIOJIY9alOTCSA CBOEOGPA3HbIe COOTHOLIEHHS, KOTOPHE HEe ’ Pas-
GmparTcd.

1. Mu wucxommm m3 ciaefywmmx o6mMEX BHpPaKeHHHE KA oObeM-
HOZ WJIOTHOCTH JHEPTHWH: KHHETHIECKas DHEPTHA B efuu@ue obbeMa

&, = P2, (1)
ODOTeHIMAJNbHAA aﬂeprﬂﬁ B enquHUIe 06’beMa
e, = p¥/2x, (2)

rne p, — IJIOTHOCTDH CPeNHl; x= pc=1p, — obnemunit (agmabaTmde-
CKHI) MOAYJIh YOPYLOCTH CPeNH; p — JaBleHme; U — CKOPOCTh da-
cri.

Ilna momyvenwms dHepruu B ompefeNeBHoM ob6beme V HYmMHO BH-
9UCANTH COOTBETCTBYIONMEE HHTETPAJIBI:

E,— g edV, (3)
v

E,= g e dV. (4)
v

HanoMumm pesynbTaT ANf ciyyas curycomfanbmoi sonus. Ilyers
I MPOCTOTH peub uaet o BoiHe muockoit. Torma

v =uv,, sin (ot —kz), p =wv,, sin (ot — kz),
IZie ©==p,C — BOJHOBOE CONDOTHBIEHHE; Kk = w/c=2m/h — BOIHOBOE
YHCIIO0. .

Mi mveem B oGbeme miomagbio S 110 GpoHTY M AnuEOH A BROIB
HAIpaBIGHUs PacIpPOCTPAHEHUS

1S
E,= Sp,% | sin® (ot — kz) dz = - o S0}, = 7 S, =E,.
0
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Ilonnasa sHeprua B yKasaHHOM obneme V = Sh
1
E=L +F = o3 Swv2T.

Dra oHeprusA paBHa, KOHeUHo, pafoTe MCTOYHUKA 3a BpeMma T:
t t
A:Spdt:Smguzdtz

0 0

5 Sov2T.

2. Ilonwzosanue gpopmynoit (1) nna moxosamelica cpegn ne TpeGyer
kakux-160 OroBopok upum M0GoM xapaxTepe mporeccoB. Uro ke
racaetrcss gopmyns (2), To Heo6XOIUMO HMETH B BHAY, 9YTO B Cpefie
ZMeeTca HAYAIbHOE JaBICHUE Dy, TAK UTO MBI JOJKHE TOBOPHTH 0 IpH-
paleEAE LOTeHNEAIbHOM dHeprmm, o0yCIOBIEHHOH 3BYKOBEIM BO3-
mymenneM. [lpmpamenue sHeprmu (OPHE MajJoOM BO3MYIIEHHM) BHIpa-
;KaeTCA Kak

AE, =5 (Po 4 P) (Vo — V),

rHe po & V, — HadanbHHeE; p; B V, — H3MeHAIOMUECcs 3HaYeHHS NaBie-
HAS A ofBeMa.
Ilonaraa p;=p,+p, roe p — m36bTOYHOE AaBlIeHHE, HaimeM

PP P 2
AL = ta=r (1 +2p,): ©)

Ho nna Mansx BosMymeHEH, TPH KOTOPHX COPaBelJHBE JUHEHHLIE
YpaBHEHUA aKyCTHKH,

plp, <t (6)

TaxmMm o6pazoM, 1o aGCONIOTHON BelWduHe NEepPBHHN, IHHEHHEIH,
wies (5) MEOro GonbIne BTOporo, KBaApaTAYHOro0. JTO elle He 03HAYAeT,
9TO MBI MOKeM BCerjia oTGpOCHTH BTOPOM 4JieH B BHPAKEHWH [AJIA TO-
TeHNUAILHONK JHEprm:m KomeyHoro obwseMa. [ledictBmTensHO, B ofmeM
clydae MH JOJUKHE UHACATH

1 1
By=— S pav + 5 g P4V, )
v v
Coorromenne MexIy 000MMHE WIEHAMH DTOT0 BHPAKEHWS 3aBHCHT
or xapaxTepa QyHKUEE p. Ecim sra (QYHKOEAA B3HAKODEPEMEHHAA,
TO MEPBHIA HHTErpal MOKET JaTh CKOJE YIOMHO Mallkle 3HAYGHMA, TaK
9TO CIaraeMEM OPUpPAMEHHA NOTEHNHAJLHOM JHEPTHH, 3aBHCAMEM
OT NTHHEeAHOTO WieHA, MOKHO HpeHe(Gpedsb, W MEL COXPAHAEM TOIBKO
OORIYHHIA BTOPOA WIEH.
Vmerno Tak o0CTOMT REN0 MIA CHHYCOMNANbHHX BoaH. Ilo mepe
TOTO, KaK MH yBenmamBaeM o6seM V, mepBoe ciaraemoe (7) xoxebierca
OKOJIO HYJs, TOr[a KaK BTOPOe HEOrpaHMYEHHO BO3DAcTaer.
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Ecan »xe naBienme p He oTpmmarensmo, TO B CHLy (6) MBr MosKeM
npene6pedsb B (7) BTOPHIM CIaraeMbiM, 3aBECAIEM OT KBaZipaTHIHOTO
anesa. Ho npm sToM Mu Moxem npeme6peds Taxke I KHHETHUECKOR
gHepruell, KOTOPasg B NIOCKOH BONHE paBHA pOJe NOTeHIIHaNBHOK
9HEPTHUH, BHIDAKAEMOE KBANPATHIHHIM UIEHOM, & B MIAPOBOM BOJHE
MMeeT OMHAKOBHRIA ¢ Hell mopamok (06 aToM cM. Hmke).

Taxmm ofpasom, B paccmarpmeaemoM ciyuae HeOoTPUIATeNbHOTO
LABJIEHHMA MbL EMeeM

- 1
ExB,=—{pav. ®)

14

3. Jlna mOBMMAaHMA BRINENPHEBENEHHOTO COOTHOMIEHHS (8) ny:kmo
pasobpars Bonpoc o6 smeprermueckom Ganamce. Hawumem ¢ mpocreit-
mero mpmmepa. IlycTs mcrounmkoM BoaMymenms siBasercs 6ecko-
HeYHasA IUIOCKOCTH, JBEIKYMAACA C HOPMAJbHOM CKOPOCTBIO, H3Me-
HAIOIEHCA 10 3aKOHY

U, = Uy (2)-

B none monywaromeiicst mpm 9TOM WJOCKOH BOJNHE CKOPOCTH M
maBieHme OyOyT paBHH

V=00, (t — z/c), D =g, (t — zfc).

Momgocts merouEEKa Ha eNEHALY NIOMAAM PABHA IPOE3BELEHEIO
#30HITOYHOTO IABJIEHNA HA I0 IOBEPXHOCTH 1A CKOPOCTH, 4 MOIIHOCTS,
OPEXONAMAACA HA IUIomafb S, pPaBHA

P = Spv, = Swvis(t).
Pa6ora mcroummka
A = Swvlts, (t), 9)
E, = -il S pdz = Sovlts, ().
0

Hunernueckas 9meprua paBHA, Kak Jerxo ybemurbes, Toi ke
BeJIMYMHE, TAK 9TO HOJHAS 9HEPIAS mOJS IO 06€ CTOPOHH IJIOCKOCTH

E=E, + E =280, (t). (10)

ITocnennee BhIpaskeHHe COBHAJAET C BHPA)KEHHEM MAA paboTH
HCTOYHHKA, ecian Ko6aBmTh B (9) MHOKETENS 2, HOABIAOMUIACT B pe-
3yJBTAaTE TOTO, YTO B PACCMOTPEHHOM CJIyYae HA €NUHEELY IIOMANH
Te#ACTBYeT CHJIa, PaBHAA DPA3HOCTH HABIEHHA HO 06€ CTOPOHH H3IY-
JaloMmed IIOCKOCTH, T. €. 2p, & He p, KaK Ipelmnoiaralocs OPH BEI-
Boe dopmyus (9).

Tem He MeHee 0ecCcmOpHO, YTO B IepegHEM HOIYIPOCTPAHCTBE
EMeeTCsi DpHpameHpe SHePr@H, BRPakaeMoe JwHeHHOE QyHKumedH.
Teueps yme acuo, aro pabora, paBHAA STOMY IAHEAHOMY IPHPAaIIeHHIO
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PHEPIHUH, COBEDIIEHA HE CUJIOH, IPUBOAANIEH U3IydaTensb B IBIKEHNE,
a CHIO# MAaBIEHUSA p,, HedCTBYyoOmMed Ha 3aXHIOI0 CTOPOHY HIOCKOCTH.
B nepegaemM DONyOIpPOCTPANCTBE IPAOHBALT SHEPTUH CTOIABKO, CKOIBKO
yOnIBaeT €e B 3aTHEM.

IIpomomxas Hame paccyykieHme, NOIYCTEM, 9TO Cpefla MMeeTcs
TOJIBKO B HEPEJHEM IOJYOPOCTPAHCTBE, B 3aJHEM Ke — IIyCTOTa.
Ho B TakoM ciydae gas ynep:raEus m3lydalomeil IIOTHOCTH B MCXO0-
HOM TOJIO}KEHH! HEOOXOMUMO NPUIOKHUTH C3aT# ONOPHYI CHIY, PaB-
HY0 p, Ha efuHUNY miomanu. HaxoBa Ov Hu 6bIa OPUPOAA STOMH
cminl (Cuia OPYMUH, CHNA TAKECTHM M T. 1.), paGora, paBHAsA JIHHeH-
HOMY IpHPAIEHUI0 PHEprud, GyAer coBepliena MMEHHO epo. Pasnuua

Y p
Tﬁ_
po Pa
{ .
I

C npeguaymuM ciygaeM GyHeT cOCTOATH JHWIb B TOM, 9TO BLIMAJET
MHO)KATENb 2 W3 KBAJAPATHIHHX BRIPAKEHUE NS dHEPIUU U PabOTHL.

4, PaccmoTpmM eme COOTHOINEHWS NJA INapoBoi BomHel. B Ka-
9ecTBE UCTOYHMKA BEIOEpeM Imap mepeMeHHOTo pajgmyca. IlycTs papu-
aJgBHAA CKOPOCTH IMOBEPXHOCTH MIapa 3aJaHa Kak

Uy = UOGO(t)'
B mone maponoﬁ BOJHEL CKOPOCTH U TaBJlIeHHe 6y,TJ,'yT PaBHbLI

v=uo-‘:— [-:—+<1 +_':-)e_%(t-t;—a)] C,O(t __r-a‘),

4

_i(t_ﬁf
a a c r—a\
p_—_wvo—r-e 00<t—'—c—),

Ie & — HAYATBHHE Pajuyc mapa; r — PacCTOAHUE OT IEHTPA mapa.
Huznermueckas smeprusa mouas 6ynmer paBHa

©

B, =2mp, S vIr2dr — wud (83 — 4e~otle 4 g2etia),

16rac

a

IloTenquanbuas sEeprms OOJA

9 2
Eu = S (\$+%> dV = uopot + _"m_u__ (1 - e—2ct/a) =Enl + En2’

6rac
v

IlepBriiz wien mpemcraBisfeT JUHEHHOE, a BTOPOH KBAaJIpAaTHIHOE
OpEpalienye NOTeHNnaNbHOR sHeprum. Uepes uy,=4ra’y, 0603nadeHa
00BeMHAsT CKOPOCTH HCTOYHEKA.
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OrmeTmM IpeflelbHEE COOTHOMeEHHAA. IIpw @ — co maposas BojHA
nepexofaT B miocKyio. Ilpm artom

E
E, 5 Sovyt;

K E

e —— ]

En., a-» o °
2

Ecunm me a cTpeMATCA K HYJI0, 9TO COOTBETCTBYET LEPEXOLY K TO-
9eIHOMY HCTOYHHAKY, TO

3 wu}
Fo 3, eud
‘® "7 16 mac . 5
. —_—
B 1 wu as0 0 E, avo O

~ e 220
12°7 16 mac

T. . KOHeTHYECKadA U NOTeHNHAJbHAA 3HEPTUM HPH KOHETHOH 06beM-

HO# CKOPOCTH UCTOYHEKA CTPEMATCA K 6ECKONEYHOCTH BCIefCTBHE 0CO-

fexHOCTEH TIONA BONHM3H HMCTOYHMKA, OPWIEM KHHETHIECKAs IHEPIHA

B TpH pas3a 6oublle MOTeHLWANbHOH. HBajpaTMimme COCTABIAKMEE

DHEPTHE COCPENOTOYEHE], KAK BATHO, B 0611aCTH, 61A3K0H K HCTOYHAKY

B 9TOH o6nacTm OHM mpeoGiajaloT Haf JTHHEHAHOH COCTABJIANIEH.
Monras sHeprus mois paBHA

E=E,+ E,=upyt + 120 (1 — eoti). (11)

Tac

Ina maneix ¢ 06a 91eHA CPAaBHEBAOTCA NPH Paguyce MOJA

R = ct = wuyf4rap,.

B panpmeiinleM IepBH# WIeH, T. €. JHEHEAHAA COCTABJIANMAfA,
HEYKJIOHHO DacTeT, W s GONBIIAX PagHycOB HIH, YTO TO e, NIA
GOMBIIAX BPeMEeH KBAAPATHYHOHE COCTABIAKIIEH 3HEPIHHE DOJA MOKHO
y:ie mpeHeOpeds.

5. CocraBuM 6ajaHc DHEPIUHE C YIETOM TONBKO IHHEHHOHE cOCTa-
BIAIOMEH NPAPAMEsHs bHePrEd. BKioumm Ans sToro B pabory Hc-
TOYHEKA PaboTy, COBepIIaeMyl0 OPOTHB HAYAJBHOTO AaBienmA. Ml
uMeeM

dA = Fdt = S (p, + p) d€ = (p, + p) 40 = (p, + p) udt,

rne F — momHas cmia, AEHCTBYMIMasg HA HOBEPXHOCTb HCTOYHHKA;
f — HOpMalpHOE TepeMemenme moBepxHocTH; dQ=Sd§— ommchBae-
MEH mpm mepememermE 06beM; u=dQ/dt — obbeMHasA CKOPOCTD. Or-
fpaciBas KBADATAYHHH WIeH, HONyIaeM
t
A= p, | udt. (12)
0
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IpmpasumBast (12) u (8), moayJaeM paBEHCTBO, BHpAasKAKMee
faxafc QA JEHEHHEX COCTABIAIMZX PabOTH U HHEPruu

¢

P | udt 2%5 pdV. (13)

7O BeChbMa TOJE3HOE COOTHOLIEHHME MOMKET OHITH BEIBEEHO I JIpy-
I'EM OyTeM, 4 EMEHHO HA OCHOBe NPHHIWIA COXPAHEHHA MACCH. Mt
npefcraBisem cefe NefcTBHE MCTOYHMKA TAK, UTO M3 HEIO JMCTeKaeT
cxEMaeMas cpefa B rkoamuecTsBe u cu® B 1 cex. Macca, BHTEKIIAA 32
BpeMsA ¢, paBHA

t
m ==p, S udt (14)
0

(ecm mpere6peys MalKIM H3MEHEHEEM IJIOTHOCTH). JTa Macca JOJKHA
Pa3MECTHThCH B OKpY’KaomeM mcTounmk mnpocrpancrse. OGosnauan
NpHpamieAre WIOTHOCTH 9Yepe3 p, MOyKeM 3aIMCaTh

m= S 0dV.

«

Ho npu apmabaTmuecKoM C)KATUX W NPA MAJBX BOSMYIMEHUAX

p 1 p

Po 1 Do

d, TakmM o6pa3oM, ME MOMKEM BBIPA3HTH MacCcy depes H30GHTOUHOE
IaBieHTEe

—. _Po
m=H | pav. (15)
4
IlpmpaBuas (14) u (15), moayaum cuosa (13).
6. Coormomenne (13) B mpuMeHeHANW X pa3bupaeMHM 37eCh BOIPO-
caM IOJIE3HO, B YACTHOCTH, TEM, ITO TMO3BOJSAET NJSA OLEHKHA JRHEAHOH
COCTaBIAIOME SHEPTAY 3aMEHATH BHYHCIEHEe OGBEMHOI0 MHTErpana

B OpaBO# 9aCTWw BEIIWCICHWEM HHTErpalia B JEBOH IacTH, ITO HHOITA
3HAYWTEeNBHO Npome. Tak, HampuMmep, MH CPa3y MOKeM YTBePKIATh,

910 S pdV moxer GHTH OTGPOMEH B CIiy9ae CHHYCOMIANBHHX BOJH
Ha TOM OCHOBAaHWM, 4TO, OYEBHIHO, B DTOM ciydae Sudt B CpeiHeM

PaBeH HYNIO, U BoOOImIE, 4TO Sudt MOKeT mpefCcTaBiATh co0oi odeHs

Malyio BeIWmdmEY, ecim u(f) ecTh 3HAKONepeMeHHAas (QYHKIOHA.

Ho ocobmii marepec mpexcraBiser clydai, KOrfa HCTOYHHK He
ABIACTCA HCTOYHHKOM HYJEBOI0 HOPANKA, KAK PACCMOTPEHHEIE BEHIIIe
ABIMKYIMAsACS MIOCKOCTh H paspyBafomuiica map. Peus muer 06 mcrod-
HEKaX THOA MYJIbTHIOINA.
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PaCCMOTpHM, B 9aCTHOCTHN, OCHOBHLIE IIapoOBhIC H3jaydaTenn. JIA
KOTOPHIX pajdajibHasg CKOPOCTh HA IOBEPXHOCTH 3aJaHa Kak

v, =v0,,P,(cos B),

rge P, —nmoamuom Jlemamgpa mnopagka n; 8 — DOAApHME yroxa
(upenuosaraerca oceBas CEMMETDHA).
O6nbemMuas CKOpoOCTh paBHA, BooOme TroBODA,
4

Uy = S UdS.

N

Broifepem maa jlasHOro ciaydas

dS = 2ra? sin Vdd = —-;—Sd (cos 9).

TaxgMm oGpasom,
+1

u() = Svm S Pn (P’) dl"'

-1

Ho B cmuy cBoitctBa nonuuoMoB Jle)kanmpa (0HE OPTOrOHAIBHH
Ha mpoMexyTke —1, 1: Pop=1) aT0T mHTErpaj paBeH HYNIO A BCEX
n=£0. lpu 72=0

Uy = Svo.

910 — yMKe pacCMOTpeHHEIH HamMm pasfyBalIEics Imap, HCTOd-
HEK HyJeBOro mopafka. Jjia Bcex MIAPOBEIX HCTOYHEKOB Gomee BH-
COKEX LOPANKOB O00BEMHAs CKOPOCTH €CTh TOKAECTBEHHEE HYIb,

He3aBHCEMO 0T XapakTepa mpoljecca, a 3HAIHT PaBeH HYIK X S pdv.

910 0GBACHACTCA TeM, ITO FABICHHEE €CTh 3HAKOIEePEMeRHadA QyHKIAA,
HO y’ke He BPEMEHH, 4 IPOCTPAHCTBEHHOH YIIOBOK KOOPKHHATHI. Tax,
gampmmep, npm n=1 P,(cos§)=cos}, m pagmanbEag CKODOCTE,
a ¢ Hedl W JaBeHHe H3MEHAIOTCA KaK HA MOBePXHOCTH mapa, Tak H
B moJie [0 BAKOHY KoCHHYyca. [laBleHme IepexOfuT Jepe3 HyJb B Me-
HSeT BHAK HA SKBATOPHANBHOH NIOCKOCTH. AHATOTHIHO 06CTOMT 1eX0
7 U1a manygateneis Gosee BEICOKMX MOPSNKOB, IPHIeM TACIO HYTEBHX
IHOBEPXHOCTeH PaBHO TOPAAKY H3IyJaTesd.

VTax, MB[ BEIEM, 9TO [JIsi CY/KIEHAA 0 IPEMEHEMOCTH K KaXIAOMYy
JAHHOMY CIy9al0 JTHHEAHHX BHPAKEHHH [ dHEPrAd paGoTH HYXEO
3HATH 3ABECEMOCTH CKODOCTE WJIH J]aBJICHHs KaK OT BPEMEHH, TaK U OT
koopimEAT. ECIm COOTHOMERHS Hamepef HEACHE, TO CIEAyeT HaTH-
gaTh ¢ obmmx ¢dopmya TmEma (7).

7. B sakjodeHye ClegyeT OTMETHTh, 9TO B TOM Cirydae, KOTAa
sHeprus @ paboTa MOTyT GHTBH BEIPAKEHH 4epes JaBJeHme Wl CKO:
poCTH JIEHEHHO, T. €., HAmpUMep, A HEOTPHIATeIBHEIX HaBIeHMH
I CKOpOCTel, K SHEPIeTHIeCKEM COOTHONIEHAMAM HPEMEHEM IPHHII
HAIOKeHZS. DTO BHAYAT, 9TO MBI MOKeM HAWTH OHePImio IOJA JUIA
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DIEMEHTAPHOTO BOSMYIIEHIA, a 3aTeM BHYMCINTh OHEPIEIO ao6oro
Gomee cT0HOr0 BO3MYMERHA (yAOBIETBOPAIMEro YCIOBHIO HEOTDH-
LaTeJBHOCTH) IPOCTEIM,_CYMMEDPOBAHHEEM.

IpuGnmsenne, OIPEMEHAEMOe B OGLIHOA «IMHEHHOH» aKycTmRe
¥ HCIOJIB30BaHHOE B HACTOAMEH CTaThe, COCTOMT B TOM, 4TO B KA4eCTBO
YPaBHEHHA COCTOSIHAA BMECTO yDaBHEHHS afmabaTh

py="p, (V1/Vo)! (16)
Gepercs nWHEeAHAS 3aBECHAMOCTD
pr=po[1 + 11 —=VyVy)] (17)
Uy
p=1PV1/V,. (18)

Buipakenme (17) mpencraBiaser co6oit ypaBHeHHEe KacaTeNbHOM
K agmabare B TouKe p,, V,. VI3 aT0T0 ypaBHEHEA BHTEKAIOT BCO COOT-
HOMEHHA mepBoro mpubimwwxeHumd, a Tarkxe Gopmyrs (2) m (5) maa
00beMBOH MIOCKOCTE NOTeHNEHaibHOHR sHeprum. CoBEpHIEHHO FCHO,
aro samena (16) ma (17) mosBosseT HONYIATH NMPABUIBHHE 3HAYCHHA
9IeHOB IEePBOro, HO He BToporo mopanka. Tak, manpmmep, Geps BH-
pasienme KA OPUPAMEHWS NOTEHUWATbHON SHEPIWH efHHHUIE MaCCH
rasa B BHJE

Vi

1 poV |4
AE = pdV = — (pVy — poVo) = 1oy (B —32),

L0}

pasBepPTHBASA BHPaKeHHWe B CKOOKAX IO CTENEHAM MAJOr0 OTHOMEHHS
p/py B COXPAHAA WIEHH [0 BTOPOrO MOPAKKA, ME IOIYIEM

AE _ p p
=y, __+211 (1 +§%>' 19)

Jlerko ycmorpers pasamume mexxuy (19) m (5).

Bompoc o mepecMoTpe sHepreTHYeCKHX COOTHOIIEHMHE B aKyCTHKE
yiKe IOJHEMAICSA B coBeTckoi amreparype [1, 2]. B mammoii crarbe
BTOT BONPOC, OJHAKO, He 3aTparmBaeTcA. TemAeHLEs HACTOAMEH
paboTsI, eciym TaK MOMKHO CKasaTh, o6paTHasd: pedb WAET He 06 yTodHe-
HAZ YJeHOB BTOPOr0 HOPAAKA, a O CHENHMANBHHX CIydafX, KOTAA
9IEHH BTOPOTO HOPAAKa BooOme MOryt 6mTh oT6pomens. O Taxmx
corysaax H. H. Argpees ymomumaer ma crp. 308 csoeir paborm [1].



HEYCTAHOBUBIIMECA BOJIHOBBIE fABJIEHUA

MPEJAC/IOBHE

Hoporkas nepBag rnasa DpefcTaBiseT cob60it KOHCIEKT CTALMOHAPHOH
TEOPHUH BOJIH H CIY/KUT BBeIEHEEM Ko BTODOii riase.

Martepuaa BTOPOX rIaBH, HDOCBAINEHHON COOCTBEHHO TEOPHH He-
YCTAHOBUBINUXCS BONHOBHX fIBJIeHUWH, 00beIHHAsET PE3yIbTATH, HOTY-
qeHHHE ¥ B GoxbmIeldl wacTm OnmyONHKOBAHHLIE MHOA B TeYeHHE psaga
JeT, HO M3JI0KeH COBEPIIeHHO 3aH0B0. HEKOTOPYIO J0JI0 CORepKAHUA
BTOPO¥ TJaBH COCTABJIAIT, padymeercs, Z oOIeH3BeCTHEE BEINH.

Koneuno, paboTs ocraercs emme 09eHb MHOT'O, HO S 10Jaraji, 4To
CHCTEMATHIEeCKOe H3JI0KeHWEe YiKe HAKOIJIEHHOTO MaTepHajla MOKET
OpeICTABUTH W3BECTHHIA HHTEpEC.

Kmes, mapr 1950, A. Xapresuu

BBEJJEHHE

IlorsTye 0 BOJHAX HOABUIOCH LIEPBOHAYAIBHO IPHMEHHTENLHO
K IePHOAUIECKEM BOJHOBHIM NBHKeHHAM. OCHOBHEIE BOJHOBHE SBIE-
HAA ~— PACOpOCTPaHeHWe, E3NTyIeHAe, IPHeM, OTPAKEHHE, IPeIoMiIe-
Ame, wHTEepdEpeHnusA, AEPPAKOEA BOIH — IMPENIONATANTCA fBJe-
HEAME NEPHOJHIECKEMHE, a Jame BCero PacCMaTPHBAKTCA AN IPO-
cTeHmero cayd4as CHHYCOMITANBHBIX BOJH.

Meskgy TeM CTpPOTO NEPUOSWYECKEX SABJIEHHEH HE CYMIECTBYET;
HOHATHEe IEePHOAUIECKOT0 ABJIEHUS €CTh MAaTeMAaTHIECKAs abCTpaKkIus.
Bosee Toro, B AeHACTBATEABHOCTH NpPU OPAKTAYECKOM HCIOJH30BAHAR
Pa3HOr0 Pojia BOJH IPEXOJETCA HMETh [€N0 C BOJIHAMH COBEDPIICHHO
HEIePHONHIECKOT0 XapaKTepa.

HKomeuno, pacmomaras pemeHmeM BOJHOBOH 3afavd aA CHHYCO-
HANATBHOTO CIYYas, MOXKHO YHCTO aHAJIWTHIECKEM IyTeM pacmpocrpa-
HETDH 3T0 pemende Ha xio6oi Goxee obmuit, B TOM 9IECIE B HENIEPHOIH-
YeCKH#A CayTai.

OfEakxo 5T0T IyTh, BO-NEPBHX, HE ABIAETCA KpaTdaiuimM, a BO-
BTODHX, HE CHOCOBCTBYET YsCHEHHIO HOTYAC BechMa CBOSOGPasHEIX
COOTHOMEHWH, BOSHEKAMAX IPA HeNePHOAMIOCKHEX BOJIHOBBIX ABJE-
HAAX.

17 A. A. Xapkesmy, T. i 257



Ilpamoe mccmenopanue HemepEoxWYecKHX ABIEHEE P IOMOIM
HEKOTOPHIX CIEeLUAIbHAIX IPHAEMOB II03BOJIAET OBICTPO MOJYIUTH BIOJ-
He HATMALHHE pe3yJbTATH, OTIMYIAIIAECA MHOIZA HOPABHTENb-
HOH IpOCTOTOH.

W3 HeCHOTBKEX NPHUMEHAKINUXCA y HAC TEPMHHOB [IiA 06o3Hade-
HEA HENEDPHONMIECKHMX SBJICHWA: HeCTANHOHADHEIS, IEPEXOTHEIE, He-
YCTAHOBHBIIMECSA — BHOpAH MDOCIedHEM.

Ilepex TeM KaK OPUCTYOHTH K W3JO0KEHHIO TEOPHE HEYCTAHOBHB-
IIEXCA BOJAHOBHX ABJIeHWI, HEoOXOXEMO XOTA OH KPATKO HADOMHUTH
OCHOBHEIE IIpENCTABIEHHA ¥ Oupefedenus OOHYHOM Teopum BOIH,
9eMy W OOCBANIEHA mepBag IIaBa.

Marepman m310KeH OPUMEHATENHHO K 3BYKOBHM BOJHAM, OJHAKO
pAL o6INAX MOJIOMKeHH: IPUMEHUM K BOJHAM N0060¥ ¢uamieckodl mpum-
POJBI, ONMUCHBAEMEIM OGHYHEIME BOJHOBHME yPaBHEHUAMH.

IT'nasa 1
OCHOBBI TEOPHU BOJII

§ 1. OcHOBHBIE TOHATHSA

Bonmoit masmBaercs BooGme pacumpefieieHme HEKOTOPOH Bejm-
9gELE B OpocTpaHcTBe. Ecam 3T0 pacupeneledwe IBEKETCH, TO MLI
uMeeM fetio ¢ Oerymeit BOJHOM, €CIH OHO HENOABMKHO, TO BOJHA —
crofggas. [[BmyKkeHEme BONHE COBEPIIAETCA CO CKOPOCTHIO, HABKIBAEMOR
CKOpOCTBI0 pacmpocTpaHeHmsa. CKOPOCTh pPAacIpPOCTDAHEHHSA B3aBHCHT
OT CBOHCTB CPEJIH.

IIpocrefimias BonEa — cuuycommanbuag. Ilpm oromM BeamdmHa,
XapaKTepu3yoIas BONHY, pacopemeinseTcsi B HPOCTPAHCTBE BIOJIb
HaOpaBJeHUA DACHPOCTDAHEHMA IO 3AKOHY cHHyca. BosbmeMm, Ha-
opaMep, Hambomee IOCTYNEYI0 HEIOCPELCTBEHHOMY HAGIIONeHMIO
BOJHY ~ BOJHY HA IOBEDXHOCTH BOLH (HMEHHO K 3TOMY ABJIEHHIO,
09eBEAHO, GHJI BIePBEe IPDEMeHEH TEDPMEH «BodHA»). Benmumma, xa-
PAKTEPH3YIOMAA TAaKYIO BOJIHY, €CTh YDOBEHBH BONE B JAHHOM MeCTe.
Bonaa ma moBepxHOCTE BOfH ecTh (B mpocreilmeM CiIydae) CHHEYCOH-
TaJbHOE pacupefieleEWe YPOBHA B HANPABICHEN PACIPOCTPAHEHES
BoJEH. M HaGmiogaeM Ha DOBEPXHOCTH BOJH B €CTECTBEHHHX YCIO-
BHAX dYamle Bcero Gerymme BONEKW, HO IPH NOMOINE CHeIUANbHEIX
IPHECIOCO6IeHNA MOKEO MOXYIATh A CTOAYHE BOJHE, TOTA pacupe-
JelleHEe YPOBHA OYNET HEHOTBIKHEIM.

Paccroanme MexRy ABYMs rpeGHAME WM MEKIY ABYMsA BOATHHAME
Ha3HBAeTCA JJIWHOA BOJHH.

MaTencuBHOCT BOJEHH XApAKTEPH3YETCA AMINIHTYAOR M3MeHe-
HOAS OIpefielAnllei BeIXIWHH; B PACCMATPHBAEMOM ClIydae aTo Gymer
BHICOTA BOJIHEI, T. €. MOJOBHHA PA3HOCTH BHICOT rpe0HA M BOATHHEL.

Jlmst BceX BOMH, KOTOPHME MHL B fanbHelimeM OyneM MHETEPECO-
BarbCA, CKOPOCTh PACHPOCTPAHEHWS HE 3ABHCHT OT AMILIETYHH;
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¢ MaTeMaTH3IeCKOX TOYKH 3PEHHs 9TO O3HAdgaeT, 9T0 MH OymaeM pac-
CMaTpUBaTh JWHEUHEE BOJHOBHE ypaBHEHHA.

IlpocnenuB pBw)xeEme a060H 9YacTHOB BOJABL HAa IIOBEPXHOCTH,
Mbl 3aME€THM, YTO YaCTHIA ABHKETCA BBEPX M BHH3 (TOYHee — IO 3J]-
JHEOCY), HO B CPEHEM OCTaeTCd Ha MECTe, TOrJa KAK BOJHA JBIKETCA.
IlonaTHe 0 ABH/XKEHHE BOJHH €CTh HOHATHE YHCTO KHHEMaTHIECKOE;
OBE;KeTCA mocTymareapno rpebeHs (MIE, COOTBETCTBEHHO, BIATWHA
BOIIHH), T. €. Mecmo, rae mMeercs nauboapmit (EI®, COOTBETCTBEHHO,
HaOMEeHBIIHA) ypoBeHb. llpocienus nBm)keEWE OTHENIHHOH YaCTHIE
BOJEI, MH MOXXEM ONpENeNuTh ee KoiebaTeJIbHYH CKOPOCTB; BTa
mepeMeHHas BeJWYdAHA, CBASAHHAsS C AMILIATYJOA BOJHHE, He HMEeT
HEIero o0mero ¢ HOOCTOSHHOA CKOpPOCTHIO PacHpoCTPaHEHHH.

Yucno xoneGaHmii 9acTMUbl B CEKYHAY HA3BIBaeTCA YaCTOTOW;
MEKIY 9acTOTOHA f, CKOPOCTHI0 PACHPOCTPAHEHAS ¢ U AIAHOA BOTHBL A
CYyImMecTBYeT OUEBHAHOE W YHHBEPCAJbHOE COOTHOINEHHE

h==c/f.

OrmeTEB pBe Kakme-r1a(0 9YacTADH HA HEKOTOPOM pPACCTOAHUU
Opyr OT Apyra B HaOopaBIeHAW pAacOpOCTPaHeHWs W Halmiojad mX
IBU;KEHEE, MBHl 3aMedaeM, 9T0 [BH;KEHEE HX OJAHAKOBO, ¢ TORX JTHWIIb
pasmummeH, aro Gosiee yganenHas (OO ABHKEHHIO BOJHE) JaCTHELA BOC-
TpOM3BORMT ABHKeHEe Oosee GIA3KON JACTHELEL ¢ HEKOTOPEIM 33032~
HHMEM T, HIH ¢ HEKOTOPHM CABHTOM 1o ¢ase ¢, IpmaIeMm

©=dJc, ¢ = 0t = 2xnft = 2n1/T,

rae d — paccTosEme Me;kay vacTuuamm; I — XepHop KoJebaHms.
Benmumna < ectb Bpemsa mpofera BOJXHOA paccTOAHAA d.

OTH OpeacTaBIeHds HEePeHOCSATCA M HA IPYTHEe BHAE BOIH.

Hac unTepecyoT yopyrme BOJHH, A3 YACIA KOTOPHX HamOOJbIIee
3HAYEHHME MMEIT 3BYKOBHE BOJHEI B BO3YXe H Boje, I cecMHYECKEe
BOJNHK!, PacOpPOCTPAHAIIMAECS B 3eMHOH KOpe.

HyXHO BHIACHUTHL IpeX[e BCEro, KaKWe BeIWYAHK XapaKTepH:-
3YI0T Ha3BaHHHE BUIH BoaH. IIpu yopyrmx BosHaxX BOJHOBOE OBHKE-
Hue coBepImaeTcs B cpere (BO3TyX, BoAa, 3eMJs). JHAYAT, BTO IBHKe-
HEe MOYKeT XapaKTepW30BaThCSA OBHKEHHMEM dJacTHl[ Cpeasl, T. e.
TaK ke, KaK X B clydae BOJIHH Ha II0BEPXHOCTH Boxsl. Taxkmm o6pasom,
VOPYIy BOJHY MOKHO ONHCHBATH CMeIeHmeM HJIH KoxebaTenbHOU
CKOPOCTHI0 JACTHIEL CPeIH.

Tenepsr HYXHO 3aMEeTHTH, IT0 MOKHO cefe mpefcTaBETHL Koxela-
TeNbHOE JBH3KeHHe JacTHI Cpefnl Jub0 B HANpPABIEHNH, NEPIEHIAKY-
JAAPHOM K HAOpaBJeHHI0 PACOPOCTPAHEHHMs, JmO0 B HAUNpaBJIEHHN,
coBmafarpINeM C HaIpaBleHHeM pacupocrpanenus. IlepBrit caygat —
3TO TaK HA3KHBAaEeMAas NOOEPeYHAs BOJHA; BOJHA HA MOBEPXHOCTH BOJH
€CTh BOJIHA momepewHas. Bropoi cayvad — Tak HazkHBaeMas MPOAOJIb-
HasA BoxHA. IIPONONLHBIE BOJHHEL BOSMOJKHH B CILIOITHEIX TBePIHIX,
MEAKEX ¥ Ta30o00pasHEIX CpeflaX; IOOEepeYHHe BOJHb BO3MOIKHEL
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TOJBKO B TeJaX, OKa3hHBAIOIUX NPOTHBOJEHCTBIE H3BMEHEOHAI0 DOPMH,
T. e, TIaBHHM 06pasoM B TBepAHX Telax 1.

Taxmm 06pasoM, 3BYKOBHE BOJHE B BO3[IyXe X BOJE IPENCTABIAIOT
co6off mpomoNbHBIE BOJHE. YacTHmsl Cpefs KOJeOIITCA B Hampa-
BIGHHA PACUOPOCTPAHEHHWA; TAK Kak KojeOaHHA DPasIMIHHX FaCTHI
pasam9aiorca mo ase, TO B pe3yiabpTaTe JBHKEHHA OKA3HIBAETCH,
9T0 B OJHEX MeCTaX B JaHHHA MOMEHT B equHmIe o0beMa OKasHBaeTcs
Gonpime vacTHm, 9eM B HmOKOsmelica cpefe, a B JPYTHX — MeHbIIe.
IlpyruMu cioBaM@, B OHHX MecTaX HaBleHHe OKa3HBaeTcA Gombmre
HAaYaIbHEOro (CIyIEeHme), a B NPYTAX — MeHbIIe (paspe;kenme).

CaenoBaTenbBO, [aBleHWe B HTAHHOM MeCTe ecTh IepeMeHHas
BeJIWYWHA, ¥ HHTEHCHBHOCTH BOJHEI MOMKHO BLIPaKaTh aMIIETYHOR
TaBIeHHWA, & CaMyI0 BOJIHY OIpeJelAaTs KaK pacIpeneleHne JaBIeHUA
B mpocTpaHCTBe. B akycTEKe game Bcero Tak u mocrymaor. Moxmo
BBECTH ¥ IPYTLHe ONpPENeIAINAe BeJIRINHE: eClIl MeHACTCH JaBIeHne,
TO MEHAETCA W IIOTHOCTD; JAJA ONHCAHUA BONHOBHX ABIGHHHA MOKHO
OpUBJIeYh MEPEMeHHYI0 MIOTHOCTE WK 06paTHYIO BeJINIHNY — YHeIb-
HHE 00DbeM.

Ecnz 3ByKoBag BOJHA pAacmpoCTpaHAeTcsA N0 UMINHAPUIECKOH
TpyGe MIM MO CTePIKHI0O — ME EMeeM [ieIo ¢ OJHOMEPHHM clydaeM;
BOJIHOBOE COCTOAHEE ompenenseTcs ONHOM eJUHCTBEHHOHX KOOPIHMHA-
Toii. Eciiz se BoHA PACHpPOCTPAHAETCA B HEOIDAHEYEHHOHR CIIOMHOK
cpefie, TO 3TO, BooGme roBops, CIyIad TPeXMepHLIHA, ONHCHBAEMbIR
OpH MOMOIIM TpPeX IPOCTPAHCTBEHHHX kKoopxmuar. OpHako B Teopwm
BONH PacCMAaTPHEBAIOT OPEHMYINECTBEHHO TPH BHIPOMKAEHHEIX CIyYad:
cay9Yait MIOCKOM BOJHLI, AapOBOA BOJHH (C EHETPANBHOA CAMMeTpHe)
7 BOJHH OWIRHAPHEIECKOH (C 0CeBOH cmMMeTpmeit).

IInockas BoXHA 3aBHCHT TOJNBKO OT ONHOM KOOPAMHATH; KOOpAH-
HAaTHAg OCh COBIAJaeT ¢ HampaBieHmeM pacupocrpadeHud. Ilosepx-
HOCTH, IPOBEeJeHHHE [IJs JAHHOIO0 MOMEHTA Jepe3 TOYKH, B KOTOPHIX
ONpeNeNIAMAA BOJHY BEJIMYMHA HAXOZUTCA B ONAHAKOBHX (asax,
ABIATCA MIOCKOCTAMH, HapaiieJbHEIMEA [PYT APYTY ¥ HepOeHIERY-
JNADHHIMHA K HAOPABIEHHI0 PACOPOCTPAHEHWS.

MapoBas BoXHA ONUCHIBAETCA TAK)Ke *HPHE IOMOMM ONHOH KOOP-
OWHATE, HO B 9TOM CJydYae KOODAHMHATOH ABIAETCA paccTOAHDE,
OTCIMTHIBAEMOE B JI0GOM HANpPaBIEHWH OT OJHOX TOUKH — LEHTPa
Boxgn. [loBepxmoctm paBHEX (as mpegcTaBAAT co0oi B 9TOM CIy-
9ae KOHIEHTpmieckme cdepryeckue moBepxHoctd. HampaBimenme
pPACHPOCTPAaHeHUS B Ka)KNOX TOUKE COBIAfaeT ¢ HOPMAIBIO K 3THEM
IIOBEPXHOCTAM, T. €. C PAJHYCOM-BEKTOPOM, NPOBEIEHHHM U3 IEHTDPA
B JAHHYI0 TOUKY.

Haxomen, B crygae N@IREAPHIECKOR BOJHH EIWHCTBEHHOH KO-
ODPIUHATOM CHYKHT TAK/Ke pACCTOAHEHE, HO OTCIMTHIBAEMOE HE OT
MEATPa, & OT HEKOTOPOH OCH, X HPUTOM B HIOCKOCTH, HEPIeHTAKYIAP-

1 3mech HeT IPOTEBOPEYMs CO CKABAHHKIM paHbINE, TAK KAK IONePEeYHAad BOJIHA
Ha DOBEPXHOCTA BOLH BO3MOKHA MMEHHO IOTOMY, YTO IIOBEPXHOCTH BOAHI IOJ
BINSAHUeM CHIH THKECTW CTPeMETCS COXPaHHTH ILIOCKYR (fopMmy.
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Ho# k aToil ocu. IToBepxHocTH paBHHX (a3 mpemcraBisAwT coboit Ko-
aKcHaJbHHe NUIHHNPUIOCKHE HOBEPXHOCTH.

Bsenenue Ha3BamHKX TPeX NPOCTEAMEX TAIOB BOJH BOOJHE ONPaB-
IaHO TeM, 9TO, BO-IIEPBHIX, K HAM C JOCTATOYHKIM NPHOIEKEHAECM LpPH-
BOATCA MHOTMe IPAKTHIECKHE CAYyIaHd, a, BO-BTOPHX, 6ojee CI0KHbE
BOJHOBHE KAaPTHHE MOrYT OHTH DOCTPOEHH IYTeM HalOKeHHA IpPo-
creffmux (EanpmMep, IIOCKEX) BOJH.

§ 2. MaremMaTAuecKoe OonMCAHHE BOIH

B MareMaTugeckod (m3MKe TpEAUOYIETAIOT BHWOHEpaTh B KaduecTse
BeJIMYHHbLI, OOPEfeNAIOMEN BOJHY, HEKOTOPYIO CKAJIAPHYI0 QYHKIHIO
BpeMeHH W KoopAmear. [as 3BYKOBHX BOJAH TAKOM BeJHYAHOA AB-
JISeTCHA MOTEHIAAN CKOPOCTH; MOMHO, BIPOYeM, NOIAb30BATLCA | [aBle-
HEEM, KOTOpOe 37eCh TaK:Kke ABIAETCA CKAaJAPHOHA BenmumHoi. Mexny
KoynebaTenblioff CKOPOCTHIO U, JABIEHHEM p W NOTEHUMAIOM § CyIme-
CTBYIT CHENyIOI@Ee COOTHOMEHHA;

v, =—09/0z,  p=np,d¢/0t,

3lech U, — KOMIOHEHTA CKODOCTHE HO HAIpPaBJIEHHI0O OCH T; p,— Ha-
9aiabHas IJIOTHOCTH CpPembl; ¢ — BpeMs.

BoanoBoe ypaBHenue, He3aBECEMO 0T GU3MIECKOM OPHPOAH BOIH,
Al TPEXMEPHOT0 NpPOCTPAHCTBA 3aNUCHIBAETCS B HPAMOYTOJNBHEIX
KOODJWHATAX TaK:

1 0%
et =0 @1
To ke ypasHeHme B cepUueCKHUX KOOPIMHATAX HMeeT BHJ

2 op 0% 1 0% 4 o
0r2+ r 0r+r2sm0[ae (Sme e)+§ﬂ'm]—c—z'g§—0’ (2.2)

a B IMAJIMHIPDAICCKHAX ROOpJI]IHaTaX

1 0 1 9
Dta w0 2-3)

Tar

CorepmenHo ecTecTBedHo BHOpaTh (2. 1) Ans ommcaEms DIOCKOH

BONMHH, (2. 2) — pnua cpepmieckoir @ (2. 3) — NIA NUIMEAPHEIECKOH.

B mepBoM caygae BhIamaeT 3aBECHMOCTH OT ABYX KOODAMHAT, ypaB-

HeHMe IJIO0CKOM BOJIHL IPHHEEMAET BUJ

o 1 0% 9 4

i m— (2.4)

Oaa cdepmaeckoir Boamsl @3 (2. 2) BEIIANAIOT HPOH3BOJHEE IO
yriaaM; MH DoxydaeM ypasHemme cepmdeckoi BomHE B dopme

M, 2 g 1 o
T @ o (2-9)
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Hakoner, B caydae OIMIEHIPEIECKOHR BONHH B ypaBmesmm (2. 3) oc-

TAITCH TONBKO WIEHH, 3aBUCAMHME OT I, W yPaBHeHHWEe NUIMHAPHEIE-
CKOM BOJIHH IDPHHEMAET BHUJ

02 1 dp 1 0% 0 2.8

T @ m T (2.6)

CKOpOCTh PacOpOCTPAHEHMS 3aBHCHT, KaK CKa3aHO, OT CBOHKCTB

cpemsl; A AaKyCTHYECKEX BOJH — IPONOJNBHBIX BOJH CHHATASA —
CKOPOCTH PAaCIOpPOCTPAHEHHS

¢ = Ve,

rae x — o6BeMEBA MOAYIb YOPYTOCTH CPefsl; py, — HAaJalbHAA ILIOT-
HoCTh. MOAYIb YIPYTrOCTA 3aBHCAT OT TEILIOBOTO PEKMMA; B aKYCTHKe
c’RaTHe § PACIEPeHWE NPOMCXOAAT Ho afmabaTHIeCKOMY B3aKOHY;
OpE 3TOM

x=1P,,

rre 7=c,/c, (=14 nana Bosgyxa); P, — HaJaubHO® [aBIeHUe.
OGpaTuMca K pelleHnAaM BOJTHOBHIX YPaBHEHHHA MIA CHHYCOMNAJNb-
HHX Koxebammi.
B sroM ciydae MOYKHO HIOJOKHETH

¢ =e/'Q (z, y, 2)

W, CIEI0BaTEIbHO,
D%|0t? = —uw?p.

Beopgs BommOBOE umCIO
k=ofc = 2=/},

NOJTYyIEM BOJHOBOE YPaBHEHWE ILIOCKOA BOJHH B CIeTyIOIEM BHe:
0%p[0x? 4 k% = 0. 2.7)

Ofmee permeHme 3TOT0 YpaBHEHHA TaKOBO
(P_:Aej(wt—kz) +Bej(wt+kz), (2 8)

rie © — KpyroBasg 4acroTa, a A m B — mocTosHHEE, OompefeinseMHe
u3 yenosmit 3agagm. Ilo PusmaeckoMy cMEiCLy pemmesme mpefCTaBIsAeT
cofo#t 7Be BOJNHH, NABE/KYIIMECA BOAb OCH Z B IPOTHBOIOJOIKHHEX
HaIpaBJeHNAX; HePBHI WieH HpPefCTABIACT BOJHY, ABIKYIIYIOCH
B HaUpaBJIeHAM Bo3pacraHms z. Ecim cpefa OfHOPOAHA I HE OrpaHM-
9eHA M HMeeTcs eJEHCTBeHHHA WMCTOYHHK IUIOCKOH BOJHE, TO BTODOR
WIeH pemeRus HoJKeH OHTH 0T6polmeH, m moCToAHHAA A 3aBHCHT
TOJBKO OT PEeIKEMA HCTOYHHKA.

O6pamascs k ypaBmenumio (2. 5) chepmiecKoil BOJHH, 3aMETHM,
9T0 OHO mpmBofgurcA K dopme (2. 7), ecim BBECTH BMECTO ¢ IepeMeB-
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mywo ¢r. Orciofa cienyer, 9To pemerme ypaBHeRHmA (2. 5) mua cmHY-
COHMIAJNbHEX KoJeOamdmi mMeeT BHJ

A . B . y .
== eJt=kK) 4 = e (WHRT) | (2.9)

IlepBu# 9nes upeacTaBaseT BONHY, DPACXOAMYIOCH H3 IEHTpa.
CpaBruBas (2. 8) = (2. 9), MBI 3aMeTaeM, 9T0 B IJIOCKOX BOIHE AMILIH-
TyAa HOTeHUHAaJa He 3aBECHT OT KOODAMHATH, TOrXa KakK B chepHuIeckoi
BOJIHE aMIJHTyHa YORBaeT ¢ paccrosHmeM Kak 1/r, uro obycioBaeno
PACXOIKIEHEEM BOJIHEL.

Pemenme ypaBHeHHA UANMHAPHIECKOH BOJHH NpEACTaBISAET Cy-
mecTBeHHble ocobennocrd. [as cmEycompanbunx Konebammi (2. 6)
MOKeT OBITH IPEefCTaBJIEHO B BUIE

e i (2.10)

910 ypaBHemme BBeJeHHMEM HOBOE mepeMeHHOH Ar mpmsommTCA
Kk ypaBHeHmio Decceas HyneBoro mopspka; AJAA NEIMHIDAIECKOR
BOJIHHL IOJIy9aercsl peleHue, BHPasKaeMoe He B TPATOHOMETPHEIECKEX,
a B GecceneBrXx QYHKIHAX apryMeHTa kr. JTo 03HAYAET, 9TO BOAHOBOE
NBH/KEHEE NPH CHHYCOWLANbHO! 3aBUCHMOCTH OT BDEMEHH BHIPAKa-
eTCA HECHHYCOHJANbHON 3aBHCHMOCTHI0 OT KOODAHEHATH, B OTJIHIHE
OT IJIOCKOH BOJHBI, KOTODPAasA BHIPA)KAeTCHA CHHYCOWNANbHHIMHE 3aBH-
CHMOCTAMH KaK OT BPEMEHH, TaK W OT KoOpAuHATH. Jlmmp Ha Goab-
WHAX PACCTOAHHAX OT OCH IWMIMHApPUIECKAS BOJHA UPHOIMIKAETCA
K CHIIYCOHIIaJIBHOﬁ, KaK 3TO cjexyeT M3 aCMMITOTHYECKHUX BHIDaKe-
um# nag GecceneBnx ¢yuxumit. Pemenue ypasmemums (2. 10) spechb
He IPUBOLUTCA, TAK KAaK BHOOD JACTHHX HHTETPAJIOB 3aBUCHAT OT yCIO-
BHIA 3ajavdd.

IlepefineM Tenepb K PacCMOTPEHMIO OCHOBEHX BOJHOBHX SABICHEH.
Wcemenosagme KasKIOTO TAKOTO SIBIEHWA CBOJHETCA K DEIIEHHIO BOI-
HOBOTO YpaBHEHHA C YYeTOM ONDENENEHHHX TDAHEIHHX YCIOBHH.
Korga morpebyercs NOACHUTH (U3AYECKANA CMEICI COOTHOIIEHUH,
MBI 6yIeM CChLIATHCA BCAKHH pas Ha IPEACTaBIEHHS, OTHOCAIMEECH,
B JACTHOCTH, K 3BYKOBHM BOJHAM; HA OOIHOCTH BEIBOJOB 3TO HE IIO-
BIIEAET.

§ 3. Orpaxende m mperomieBHe

HKorga BostHa Ha OyTH CBOErO PAacOPOCTPAHEHMS BCTPEYaeT COBEp-
[IEHHO HENPOHHIAEMYI0 IJS BOJHH IIOCKOCTh, IPOHCXOAHT IONHOE
OTpaKeHme BOJHH. IIpu 9T0M BO3HHEKAeT OTPaKeHHAA BOJIHA, HANPaB-
JieHme KOTOPOH OmpeMensieTcs HPaBHIOM: YToJ UafeHHs PaBeH yriy
oTpaxkerua. J[nA 3BYKOBOH BOJHH YCIOBEE HENPOHHIAEMOCTH CO-
CTOMT B TOM, 94T0 OTPAKAONIAsA MIAOCKOCTH NPEIII0IaraeTcd COBEPIIeHHO
JKECTHKOM; MaTeMAaTHIECKU HTO BHPAKaeTcsd YCIOBHEM

v,=0
263



HA NJOCKOCTH, I'fe Vv, — HOPMalbHaA KOMMOHERTa KolebaTeapHoh
cxopocr. ([l BIEKTPOMArHATHON BOJHH AHAJIOTHIHBE YCIOBHA
BOBEHEKAIOT, KOTJa BOJHA BCTPEIAETCS C MOBEPXHOCTHI0 COBEPIIEHHOrO
IPOBORHAKA.)

IocTpoerme OTpakeHHON BOJHEL ¢ YAOGCTBOM BHIONHAETCA TPH
OOMOINH TAK HA3HBAEMEX (UKTHBHBIX HCTOYHHKOB, PACHOJIAraeMhX
CHMMETDPHIHO HeACTBHTEIHHEM MCTOYHAKAM OTHOCHTEJIBHO OTParKaioo-
meit mmockoct® (pmc. 1). Bropo#l HarJAgENEA OpPHeM NOCTPOEHUS
OTPa’sKkeHHO# BOIHE COCTOMT B IepermbaEmm YepTerka mOJA IO JIWHAY,
IpefCcTaBIMAIOMmeH Ha YepTexe ClIel OTpakalomeld mirockocra (pme. 2).
OdrEM mpmeMoM HaM IDEJCTOET BOCHOJNb30BATHCA B JajbHeRuieM.

Prc, 4 Prec. 2 \

Iloxka wTo 3aMeTHM JHIIb, 9T0 00a mpmeMa [alT HE TOJBKO KavecT-
BEeHHYI0, HO M KOJIHYeCTBEHHYI KAaPTHHY ABIEHUH IPH OTpaKeHNH,
€CIH YCJIOBATHLCA CKIANHBATH B KaKMOA TOYKE NOTEHLHAJH OT Heid-
CTBHTEIBEHX W (UKTHBHHEX HCTOYHHKOB, HJIM HOTEHNWANH B CO-
BMeIMaeMEIX TOYKAX depTerka IPH ero mepermbaHmu.

ITycts Temeph BoMHA BCTPEYaeTCA ¢ INIOCKOX IPaHmIedl ABYX pas-
ameEKX cpen. VI B 9TOM ciIydae mMeeT MeCTO OTPaKeHHe, OfHAKO
HE IOJHOe; aMIVINTYRA OTPasKeHHON BOJHH MeHBbINe, YeM Najalomed.
Kpome Toro, oGpasyercd BONHAZ, OPOXONAMAs M3 IEPBOX CpEHHl
BO BTOPYI0. JTa BOJHA HA3HBAETCA IPEJOMIEHHOH, TaK KAK HaIpas-
JeHme ee pPACHPOCTPAHEHASA HE COBIANAeT ¢ HAIpaBJIEHEEM pacOpo-
CTpaHEHHEA Najalomedl BOJHH. fIBIeHHmE DOTUMHSAETCA CIEIYOIIeMY
OpaBIIy: CHHYCH YIVIOB HPENTOMJIEHHA H HAfeHMs OTHOCATCA Kax
CKOPOCTH DAacOpOCTPaHEHAS B TPaHAYAmEX Cpefax.

HonmgecTsenHne COOTHOMEHHWSI DPACCMOTPUM [Jd OPOCTEHOIEro
CIy9afg HOPMAJIBHEOTO NaJeHWA IUIOCKOX BOJHK HA DOrDAHAIHYIO
MIOCKOCTS. Mcmonb3ys ycaoBEe HA IPAHUIE, HAXOOHAM, 9TO CTeNeHb
OTPa’KeHHS 3aBHCHT OT COOTHOIIEHHWS TAaK HABHBAEMEIX BOJHOBHIX
conpormBieHmA o0emx cpen. [[is1 8BYKOBEHIX BOJH BOJHOBOE COIPO-
THBIEHHE MpEeACTaBisgeT co00i OTHOIEHME AaMIIATYAH [aBJeHAS
K aMIUIATYNe CKOPOCTH B IJIOCKO# BOJHE, BHPAKaeTCA COOTHOLIEHHEM

w=p,c = \xp, 3.1)

u, cTano GHTH, 32aBHCHT OT TeX K€ IBYX KOHCTAHT (x  p,), ITO H CKO
pocTh pacmpocrpanerns. Haswsaa kosdPrmmeRTOM OTpasKEHHA OTHO
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meE7e NOTEHNHANA ¢, OTPAKEHHON BOJHH K IOTEHOMANY ¢, Magam-
me# BOJHH, IONYYaeM IS 3TOM BEIHIEHH

—P2__Wa— W
k7_~?1—w2+w1' (3-2)

Ife w; ¥ W, — BOJHOBHE COIPOTHB/CHHA COOTBETCTBEHHO NEPBOH
m Bropoit cpex. Ecmm w, > w;, TO k? ~1 — 310 ® ecrtb cnyvai
IOJHOTO OTPaKeHEA, ¢ KOTOPOro MH Hadaiu. Ho monmoe orpamenme
molyJaeTcs W NMpE OOPAaTHOM COOTHONIEHEH, T. €. HPE W, << ;.
Ilpm arom k,=—1. IT0 o3mATaer, UTO OTPAKEHHAA BONHA HMEET
TAKyI0 jKe aMIUTATYAY, KaK H DaJalomas, HO OPOTHBOIOJOKHYEI
dasy (ma rpammme). Ecam ke w,=w,, T0 k?=0, 9T0 W eCTECTBEHHO,
TaK KaK CpPefa B 9TOM CJIyYae ONHOPONHA W NOHATHE TPAHHAOH TepHET
cMeicx. YTo KacaeTcs BOJHEL, NPOXOAAMER BO BTOPYIO cpeny (mperom-
JIeEHOH BOJHH), TO, MCXOJsA M3 HEOPEPHBHOCTH NOTEHHWAaZa Ha Ipa-
HEOE, IoJyJaeM NJIA KodaQPuomeHTa TPOXOMICHEA

’ —_ ?_'_ ZW2

T wa
rge depes ¢’ o003HAYEH NOTEHOHAN NPOXOAAMmMEH BONHH. TarmM
o6pasoM, moXHOE OTpa’KeHHe HE O03HAYAeT OTCYTCTBHA HPOXOnAmer
BONHBL OpE W, > Wy k, =~ 1, a k, =~ 2.

Bce crkazamHOe BHIDE OTHOCHJIOCH K CIYYal0 BCTPEIHM BOJHH C HE-
orpaEmYeHHO# (GecromHeYHOR) MmiIocKoi rpagmmei. Horga Met mepeiiem
OT 3TOr0 abCTPAKTHOTO CIydas K PEalbHBIM COOTHONEHWAM M CTAHEM
paccMaTpuBaTh SABIEHHSA, BO3HEHKAKIIEE OPH BCTpedYe BOJHH C Ipe-
TOATCTBEAME KOHEYHEIX PA3MEPOB, TO MHE CTONKHEMCH C SBJICHHEM,
3HAYATENBHO 0ojiee CIOKHEM, — ¢ gadpaKomei BOJH.

(3.3)

§ 4. Narepdepesnusa m HanpaBIeHHOCTH

NaTtepdepennueit Ha3HBaeTCsA ABICHEe, BO3HEKAKIEe HIPH HAJIO-
JKeHMHA HECKOJbKEX KodeOammi, ciBEEYTHX mo dase. Ilpm maTepde-
PeHOWE BOJH IOJYJAOTCA THNWIHHE IPOCTPAHCTBENHEE KAPTHEHH,
0 KOTOPHIX MOKHO COCTaBHTH LpPEJCTaBJIeHWE, PACCMOTPeB ONEH U3
mpocreimnx caygZaeB: o6pa3oBaHEe CTOAYEH IIOCKOH BOJHEL.

Ilyerh miockas BOJMHA IpeTepHeBaeT MOJHOE OTpakeHme. B pe-
3yJBTATE BTOIO B HOJE CYIMIECTBYIOT OHOBPEMEHHO JBe BOIHH, ITaal0-
masg ¥ OTPAKEHHAA, pPACIPOCTPAHAIIIAECH B IPOTABOIIOJOMKHBIX
HampaBiaenmsax. TakEM 06pasoM, MH JOJKHE HCII0JIb30BaTh 06a wiena
pemernsa (2. 8) ypaBmemua mocko# Boamm. IlepemeceM mawamo
KOODPAEHAT HA OTPAKAILyl miockocrs. Torma Bropo# wiem mpej-
CTaBJfAET DAfAlOIYI0 BOJHY, & HePBHH — OTPasKeHHYI0. Tak Kak
OTpaskeHme NpPEeANOJaraeTca HONHHM, To A=2B, m MH DomyJaem

o = Ae*! (e7** 4 e7*") = 24’ cos kz. (4.1)

A10 BHpaKeHHe NOKa3LBAeT, 4TO B cToAdYed BoxEe 1) ammmmTyAa
3aBUCHT OT KOOPAWHATH H 2) Kole6aHmA BO BCEX TOYKaX OPOCTPAHCTBA
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opoumcxofaT cuadasHo. ([uaa Gerymed BOXHH Hexo 0GCTOMT Kak pas
maobopor.) Haumboabmasa ammimryma nHabmiomaerca mpm cos kr=1
X PaBHA YABOEGHHOH aMILIUTyfge Oeryme# BOJHBI; 5TO IPOMCXOLUT
B TeX TOYKAX, B KOTOPLIX (asnl KonebGanmil 1 OpAMOR I OTPAKeHHOM
BOJH COBIAfawT (TOYHEEe ToBOPH, CABHHYTH Ha 2nw). Takue Tourm
HA3HBAKTCA NYIHOCTAMH. B HEKOTODPEHIX jKe TOUKAX PE3YIBTUDYIOMmit
HOTeHIHAX OT CJO)KEHHSA KOJIeGaHWH IPOTHBOIOJOMKHOTO 3HaKa (d4ro
COOTBETCTBYeT caBUry (assl Ha (2n-1) ©) 0Ka3EIBAETCA PABHEIM HYIIO.
Taxme, Toury HassIBaoTCA yanamm. HocmEycompmambHOe pacumpenere-
HOe NOTEeHI[HAJa,BROJh KOOPAMHATHl OCTAeTCA B MPOCTPAHCTBE HEIMO-
IBWKHBIM, 9eM ¥ 0GYCIOBJIEHO HA3BAHHE CTOSIEH BOJHEL

l K moyxe
kabawgdenus

Prec. 3 Pnc, 4

Ecnm xosdduument oTpaseHHs MeHBIIe eJUHMIE, TO IOJNyda-
10TCA HECKOJBKO G0JIee CI0;KHEE COOTHOMEHHUS, XaPaKTePH3yIOMIecss
TEeM, YTO HOTEHNHUAl He TOCTHraeT ABOKHOrO 3HAYEHUA B NYYHOCTAX
I COXpaHAeT KOHEYHOe 3HaYeHme B y3nax. B arTom Goxee ofmem ciy-
9ae COOTHOMEHWs OYeHb yHOOHO TPAKTOBATh KAK HAJIOMKEHmEe Oery-
meidl BONHE HA 9YHCTYI0 CTOAYYIO.

BayKHEIM ISl IPAKTEKH CIENCTBHEM HHTeP(PEPEHIMOHAX COOTHO-
ImeHAH ABIAETCA NPHCYINee U3IYyIaTeldsAM W IPHEMHEKAM BOJH CBOM-
CTBO HANPABIEHHOCTH.

Beaxmit manyuarens o6xagaeT HEONMHAKOBOR MHTEHCEBHOCTBHIO
W3Iy9eHAA 0O PasHHM HampasieHmAM. Todso Tak ke BeAkmit mpu-
6MHEK HEOJMHAKO pearspyer HA BOJIHH, OPAXOAAMEE ¢ DPABHEX
CTOpOH. OTO CBOHCTBO W HABHBAETCA HANPABIEHHOCTHIO, IPHAIEM,
KaK BBIACHAETCH, ONPEReNANIEe HAUPABJIEHHOCTH 3aKOHOMEPHOCTH,
OTHOCAIMAECA KAK K M3JIYyJaTelAM, TAK U K OPHEMHEKAM, MOKOATCA
Ha OJHEX H TeX ’Ke OCHOBAHHUAX U CBOAATCA K ABIEHUIO HHTepdepeRIuH.

Pacemorpmm mpocroit npmmep. Ilyers pammt nBa cmmgasmEx
;To9eYHKIX mcTouHEKa (I = &) Ha paccrosmmm b pyr ot apyra (pmc. 3).
TogeTrbIM HCTOTHMKOM MHE Ea3HBAEM IOKA MATH MCTOYHAK, HE 0671a-
maoomuit cav 1m0 cefe HAKAaKOH HANDABIEHHOCTHIO, T. 6. M3Iydaomui
qECTYI0 CPepmIecKyio BONRY. BrrgcauM, KakoB 6ymer pesyibraT meit-
CTBES O0OEX HCTOYRHKOB B .TOUKE HAGNIONCHEA, NOCTATOYHO y/adeH-
HOff, 9TOGH NnyTm, IpoBefeHHNe K Hed W3 Towek I m 2, MOKHO OBLIO
CIUTATh NAPAIENBHEME. (JTO YCNIOBHE BIONHE OTBEYAeT IPAKTH-
9eCKN BAKHEIM NPEMEHEHHSM NOHATHSA HANPABICHHOCTH; OHO pAac-
MEQPOBHBALTCS KAK YCIOBEE MANOCTH DasMEpOB H3TyYalomeH .CHC-
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TEMBI 110 CPABHEHHIO C PaCCTOAHHeM 10 TOUKE Habawomends.) Us cepe-
RuHBL OTpe3ka J—2 BOCCTaBEM LEPHEHAHKYASAP ¥ HA30BEM €ro OCHIO
CHCTEMEI. YTO & MEKIY OChI0 X HAIPABIEHHEM HA TOUKY HaBIIONeHANA
ABIAETCH apryMEHTOM HCKOMOH 3aBmCAMOCTH. IlpeamoioxmM, d4To
TaKOH e, Kak # I 1 2, UCTOIHUK HOMEIIEH IoCpennue oTpeska [ —2,
E OyCTh 3TOT HCTOYHUK CO3NAET B TOYKEe HAOMIOJEHMA IOTEHI[EANT

I — Jwt
(P - ?me .

VeTpaHnM 3TOT BCHOMOTATeNbHH WMCTOYHEK ¥ 3aMETHM, 9YTO feii-
CTBHTE/JBHLI MCTOYHUK ] HAXONHUTCA Haibire Ha d/2, a HCTOUHAK 2 —
6rmxe Ha d/2, rae d=b sind — pasHocTh X074a BOAHH OT 060X
HCTOYHHKOB f0 Touxkm Habmromenus. ChenoBaTenbHo, UCTOYHHEKHE
1 m 2 manyt B 9TOH TOYKE, COOTBETCTBEHHO,

a

1,-7*s rﬂ‘g
P =9¢ y Pa=¢e€

I

a JedicTBme 060MX MCTOYHUKOB BMECTE MHONYIHEM, CKIAAHBAA BTH
OBa IOTEHIHMANa

~kji —ix? . jot kb .
‘P——:@Pl—l-%:‘f”(ej 3o 2)-%3 2cos(—2— sm&). (4.2)

XapaKTepHCTHKO# HANPABIEHHOCTE HA3HBAT OGLIYEO 3aBHCH-
MOCTH IOTEHOEAJNA OT yriaa ¢, OpEBeeHHYI K BuAy 6eapasmeproi
¢yrrnuz R (9) rak, grobu R (0)=1, 1. e. ompepensor a1y GyHEKOIO

KaK
R®) =9 (%) 0)]- (4.3)
B mamem caydae, ogeBmHO,
R(&)—_—lcos(iz’isine)l, (4. 4)

Kax Bmamm, moTeHnmman B To9ke HaOIIONEHAA NpPH ABIKEHHA 3TOH
TOYKHA 110 OKPY)KHOCTH (N IPY HOBOPOTE CHCTEMH H3JIydIaTeiaei)
KoyneGnercss W [NIA ONpPEeJEeHHHX MOJXO)KeHWE DPAHAMAeT HYJIeBhe
srauenuA. ['padux dyurumm (4. 4) B DOMAPHHX KOODAHHATAX EMeET
BEJ PO3ETKH CO MHOTEMHE JemecTkamu (pmc. 4; 30ech b A=2).

OdeBb BAKHO 3aMETHTH, 9TO B apryMeHT KpoMe sin & BxommT eme
npomssenerme kb=2xb/\. Ecnm kb <€ 1,70 R (9) = 1, 1. e. Hampas-
JEeHHOCTh OTCYTCTBYeT. JTO 3HAYAT, 9TO HAIIa CHECTeMa ymomobagercs
TOIeYHOMY HCTOYHEKY, €CIZ pasMep b [OCTAaTOTHO MaJ IO CPABHEHHIO
¢ OAWHEON BOJAHH. OTO 3aKI0YeHHe BEPHO ¥ IO OTHOINEHHIO K bolee
CHOKHEKM CHCTeMaM, H MHl MOKEM Teleph YTOYHATH HOHATHE TOUCH-
HOTO MCTOYHMKA; TOYETIHHIM HCTOYHMKOM MHEI BIOpPaBe HA3BaTh J6YI0
cacTeMy CcHH(A3HLIX MCTOYHMKOB, €CIM pasMephl CHCTeMBl MAJIbl
o0 CPAaBHEHHIO C JJIMHOHE BOJHH.

Kapruna, nzobpaxennas Ha pac. 4, He Tanmysa. [[na geficTBATENb-
HEIX W3iaydarenedl (X NPHEMHHEKOB) Jame BCero Ha XapaKTEPHCTHKe
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HADpABTEHHOCTE MMEETCS ONUH TIABHRA MaxrcuMyM, a A00aBOYHHER
JeOeCTKE B3HAUATEIBHO MeHbire (a COenMalNbHRIMM IPHEMaMH 3TH
JeHeCTKA MOTYT OHITH eme 3HAYIATeNbHO mopaBienk). Taxoro poxa
3aBHCEMOCTH IIOJYYaeTcs, HAOPUMEp, €CId IpeJCcTaBHTh cebe mcroy-
HEKH DPABHOMEDHO H HeIPEPHBHO pacOpeleleHHRMH IO OTpPe3Ky
npamoit gamuoi [. Jasa BUUCIEHAA [eACTBAA TAKOH CHCTEMBI HYKHO
BHIIOJEHATH MHTETPAPOBAHTE IO [, KOTOpOE [aer

kl
sin TZ‘S‘:“Q
R (%)= —————,CS ) 3 (4.9)

75in3

T'padur sToi saBmcuMocTH mpefcTaBieH Ha puc. 5 (kl=20).

Pre. 5 Puc. 6

Beakmit peanbublii MCTOYHHK MO’KeT OHTH HpeNcTaBJen KomOu-
Ham@e#l TOYEYHHX HCTOYHEKOB. Takme XOMOMHAIME HA3HIBAIOTCH
Boobme rpynomamm. ['pynnel MOryT GHTH MUCKPETHHMHE (KOLKA HCTOU-
HEKA MHICIATCA B OTAENbHHIX TOYKAX HA KOHEYHHIX pPACCTOARHAX
OPYT OT Apyra) W pACHpefeJeHHHMZ, WX HEeIpepHBHHMH (Koraa
HCTOYHEKE MEICIAATCA HeOpPEPHBHO PACIpefelJeHHHME IO HeKOTOpOH
reomerpuIecKkoi gopme). Pacnpenenennsie rpynner MOryT OHTH JTHEI-
HEHE, NOBepXHOCTHHE u ob6bemuHe. Pacmpenenenme MoeT OHITH
ogEopomuHM (T. €. KOTfa Bce dJeMeHRTapHHE HCTOYHEKHA 00JafaioT
OJAHAKOBO} MHTOHCHBHOCTHI0 IDH ONAHAKOBOA IJIOMANA) M HEOMHO-
pogmriM. @opmyna (4.5) m pdc. 5 oTHOCATCS K UOPAMONHAEEHHOH
HeNpepHBHOA OJHOPOXHO® rpymnme.

7" Mu roBopmIE 0 CEX IOP TOABKO O IPyHIax cAH(ABHHIX MCTOUNN-
KoB. PaccMorpmM pmmons, T. €. KOMOMHANMIO IBYX TOUEYHHX HCTOU-
HAKOB LPOTHBONOJIOMHOTO 3HAKA. DOCHOJP30BABIMHACH YEPTEIKOM
pmc. 3, TpoBefieM aHAJOTHYHOE PACCY)KACHHAE, ¢ TOH JHIIL pasHUUel,
aro BMecTO (4. 2) momywmM
k3l

e=¢/ (ej i, 2) = jo,e/* - 2sin (%lz sin 8), (4.6)
B pamHOM cnyzae B HampaBleHWH IperkHeH 0CH HMBIyYeHEA HE GyaerT;
I0BTOMY HaM CiefyeT BHODPATh 3a 0Ch SHIONA OPAMYI0, TIPOXONAMIYIO
gepe3 00a HCTOYHWKA. Y CIOBEBIINCH OTCYMTHBATL Yrol & OT 3TOH
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HOBOH OCH, LONyduM, 9To npm kb <€ 1 xapakTePHECTHKA HANpasJer-
HOCTH JMOONA

R (%)= cos 9| (4.7)

(puc. 6). Wrak, gumons o6najaer HANPABAEHHOCTHIO U IPH MAabIX
00 CPaBHEHHIO C [JIMHOM BONHLI pasvepax. Boofme ke, cocraBusis
TPYOIH [0 pasiEvHsM 06pasast PasHPOBAHHRIX HCTOIHHKOB, MOHIHO
MOoNyduTh BECHMA Pasitoo6pasubie XapaKTEPACTHKHE HANPABIEHHOCTI,

§ 5. Usnyuenne n mpuem

Herounukom 3BYKOBHLIX BOJH MO/RET ABJATLCA BCAKOE Kone6.110-
weecs TeNO, coupuracawoineecs ¢ yupyroi cpenoit. [Ipuesumios any-
KOBLIX BOJIH MOMKET CJY:KUTH BCAKOE crnocobuoe !{0,’1863'1‘[)05'[ Te1o,
OOMeIIEHHOe B Cpefy, B KOTOPOU pacumpocrpaHsiorcsa Boxubel. Yame
BCETr0 OFHO K TO Ke TEJNO MOMET CIYKATh KaK M3Iydarenes, Tak
¥ OPUEMHAKOM; B HEpBOM Ciydae OHO UPHBOINHTCA B KojxeGanme
KaKO#-1m00 MeXaHMYecKOd CHio#, BO BTOPOM — BO3Je#CTBHEM 3BY-
KoBo#t BouHbl. CBoiicTBa Tela Kak M3JIydaTelss H KAK IPHEMHUKA
HaxomATcs B TecHedured cpsasu. IlojuepruBas aTy CBA3H, HABKIBAKT
yCTpoiicTBa, M3AydalOIe WIX UPUUMMANOIKe 3BYKOBHE BOJHH, —
3BYKOBHME aHTeHHaMu. Muorme cBoiicTBa 3BYKOBHIX AHTEHH, OCHO-
BHBAIOIMMECHA HAa OOMEUX BOJIHOBHX COOTHOIIEHUAX, ONHCHIBAIOTCA
COBEPINEHHO TAKMMM >Ke 3aKOHOMEDHOCTAMH, KaK W CBOHCTBa aHTEHH,
CAyMamuxX [JiA USNYYeHHs I OpUeMa OJeKTPOMArHATHHX BOJH.
OpHako pasimyde B OPADPOAE BOJH ONpejeNsieT CYmEeCcTBeHHOe pas-
AU9Me KOHCTPYKTHBHHIX (OPM 3BYKOBLIX H PajHOAHTEHH.

Hama 3agaga cocTouT, KOHEYHO, B U3YIEHUA HE TONBKO KadecTBEH-
HBIX, HO M KOJEYECTBEHHHX COOTHOMmeHuH. C 3TOH 1{e/1bI0 HATHEM C pac-
CMOTpeHHS mpocTefiinedl Moxeq® 3BYKOBO#X amTeHHH. Ha mepBhx ixe
Iarax MHL CTOJKHEMCS ¢ YOOMAHYTHM BEIIIE pasinumeM; B TO BpeMd KaK
B KadectBe mpocreiimei#l (QopMH H3JNydYaTeNf BIEKTPOMATHATHBIX
BOJIH BHICTYIAeT A#Ooiab ['epha, B akyCTEKe HAUAIANT 06NIHO HCCIe-
7oBAHEE AaHTEHH C MOJE]Y, HAa3HBAeMOH «OyIBCHPYIOMmE Imap».

Ipencrasum ceGe mwap, NEHETP KOTOPOTO HEMOABHIKEH, & Pajmyc
IepMOAMYECKY M3MEHAETCH, TAK 9YTO KAKHAA TOYKA MOBEPXHOCTH
coBepINaeT CHHYCOUAATbHO® KoieGaTesbHOe ABMKEHHE B HaIpaBie-
mnE paguyca. HeTpynHO BHIETH, 9TO B CHIY CHMMETDHH H3IyJaeMas
Boana Gyner cpepmueckoil. MexanusM M3NyIeHUA, KaK I A d0boro
IpYroro KoaeGmommerocs Teda, COCTOHT B TOM, YTO IOBEPXHOCTH
A3IydYaTeNd, CMEMAsCh, CEMAeT NPWJETAlOMEe K HeH CIOH CPEefHL.
9rE cI0m BO3IEHCTBYIOT Ha COCeJHEE, M BO3MYINEHHE PacmpoCTpaHdA-
eTcs BO BCe CTOPOHH OT Iapa, IPUYeM BCIEICTBHe MBepUHH CDesl
pacopoCTPaHeHHEe COBEPIIAETCA HE MIHOBEHHO, & C VK6 W3BECTHOM
HaM KOHEYHOH CKODOCTBI — CKOPOCTBIO 3BYKa. 3aiiMemca Temeps
KOJMIECTBOHHEBIM OOMCAHUEM SBICHEHE, BBOAA IO XONy fAena HeoO6Xo-
IUMEIe OIpefeseHHs.
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Tlonaras, 9To MyJAbCHPYIOWAR AP KAXOAUTCA B HEOIDAHMIEHHON
cpege, T. €. 9TO CYmECTBYeT TOJBKO PACXONANIAACH OT MAapa BOJHa,
MO3KeM BHIPA3HTH BTY BOJHY HEPBEIM wienoM (2. 9)

=2 gitut-in), (5.1)

Mu MoxeM cpasy HaWTH JaBieHHe D M PafUajibHYIO CKOPOCTH U

o . A r .
P=0 '£= Jopy - e/ (9= = jwp,p, (.2
dp A /1 . ; - 1 .
v= ——0—s=7<7+1k>€““’”'k)=<—;+17‘><P~ (.3)

IlycTs paamwaibHAA CKOPOCTH NMOBEPXHOCTA Iiapa 8ajaHa Kak
—_ Jwt
v, =v,e’"".
Torga, oGosHadas HAYalNbHHIN pajuyc Imapa yepes &, MONY4uM

D=5 (1 + jka) edtet=ko,

OTKYZa onpenenseTcsa mocToAHHaA A

Jka
— 2 _¢ .
A=v,a T ke

¢J1eJI0BaTeNIBHO,

a2 1 ik (r
?:Uaka—a-ejk( @, (54)

ST0 ecTh BHpa)keHMe [JIA NOTEHIUANa Yepe3 3aJaHHYI0 CKODOCTH
MOBEPXHOCTH mapa. Eciu ke peskVM aHTEHHH ONpefelieH CHIIOH,
OeHcTBYOIEA HA eIMHUNY [OBEPXHOCTH MIapa,

P, =P,
TO mpu moMomu (9. 2) HaXOZUM

oy & e

u
a
— ——pJka.
A= Py r-elt
TakKUM 00pasoM,
a 1 _ipi- .
¢ =pa—r~j—wpo e~ Jk(r-a) (5 5)

Bosspamascs & (5.4), BBemem
u, = 4ma?v, =v,S.
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910 ectb Tak Ha3nBaemasg o06BEMHAS CKOPOCTH HCTOYHHKA, T. €.
BLITECHAGMHA HM B eIHHANY BpeMeHH 00beM. IT0 yKe BeAMIAHA Ha3bi-
BaeTCA HHOTHA HAODSAKEHHOCTHI0 HCTOTHHEKA.
Ilpu ka €1, 1. e. gus mapa, Manoro o CPaBHEHHWW C NIHHOI
BOJIHH, IOJydaeM
___ lu, kT >
¢= me_j . (5. b)
Kak Bugum Benmauna a B 3TOM BhIpa)KeHHM BOBCEe He QUTypHpYeT,
pasmep IHapa mepecTaeT WrpaTh POJib, NeHCTBHE HM3AYYATENsA Xapak-
TepH3YeTcA HCKINYHUTENBHO ero o6bemuoil cropoctsio. CrenamHHM
HaMHF IEpeXOJ ecTh MepPexoy K TOYeYHOMY HCTOYHHUKY, a dopmyna (5. 6)
BHIPAyKaeT CO3aBaeMBIil TAKUM MCTOYHEKOM noTennuai. Popma u pas-
Mep TOYeYHOr0 HCTOYHHKA HE OKA3HIBAIOT BIUAHMA Ha ero pabory,
OpH YCIAOBUH, 9T0 OH HEHCTBUTENHHO TOYEIHHIHE, T. €. YTO OH MaJ
mo cpaBHEeHHIO ¢ AamHOA Bonubl. Popmyna (5. 6) Erpaer ogeHb BaK-
HYI0O POJb B JajbHEHMmeM. -
Teneppr BBefeM OTHOINEHHE [aBJEHASA HA NOBEPXHOCTHE H3JIYyda-
TensA K ero o6beMHOA CKOPOCTH W HA30BeM 3TO OTHOINEHHE AKYCTH-
9eCKHM COIPOTHBICHHEM M3IyJaTens

3 =p,/u,. (5.7)
B mamem ciayuzae
w 1
3=Ts"1+1/jka’ (5-8)

Ile W= p, — y)Ke M3BECTHO® HAM BOJHOBOE CONDPOTUBJIEHHE CDEJHI.
Nsnygaemas MOIHOCTEL €CThb

W =222 cos o,

HIH, ecilI:
2
3=R+jX, W==%2R.

JleiicTBurenbEas (AKTHBHAS) CJAArawias 3 aKyCTAIECKOrO CONPO-
TEBJIEHAA 3 HOCHT Ha3BaHUe CONMPOTUBICHHA H3TydeHHASA. ITO MOHATHE
¥ ero OPUMEHEHWs COBEDPIIeHHO aHAMOTUYHEl BCTPEYaeMhlM B PAalmo-
TeXHHKE.
B mamem crydae
w k2a2
R:T'1+k2a2- (5-9)
Ipyro#t Ba)KHOE MOJIENBI0 aKYCTHIECKOH AHTEHHH! ABIAETCA He-
orpaEmYeHHaf IUIOCKOCTh, KoJNeGmomasca B HANPAaBICHHH CBoed
mopManm. COOTHONEHHA JJIA BTOM MOAEIH MOMKHO IONYYHTH M3 Ipe-
IRYIEro IpefieIbHHM MepexXofoM P a — oo. ITH COOTHONEEHS
OKABHBAIOTCA BEChMA IIPOCTHIMH: BOJHA H3JTYYaeTca IVIOCKAS, aMIIH-
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TY[H DOTEHIEANA, LABICHHA I CKOPOCTH Besle OfmHAKOBH. Mul moxy-
qaeM Ccleqyiomue 3aBHCHMOCTH:

Do = wu,/S, p=wu/S; 3=R=uw/S. (0. 10)

Iynpcupyomui map sBIAETCA NePBHIM W IPOCTEHINUM TpencTa-
paTeNeM ceMeHcTBa IMADOBHIX AHTEHH, 00JaXalomEX MHOTAMIZ 3aMe-
gareNbHBIME CBoMCTBaMu. Mbl He mpefupMEAMAaeM IOKA HCCIENO0BAHHS
3THX CBONCTB; OTMETHMM JHIIb, YTO CIENYIOINAM II0 IOPAAKY UYISHOM
ceMeHCTBAa ABIAeTCA TAK HA3KBaeMHH Konebmomuica map, T. e.
map, CoBepIIAOMEA KoxefaTelbHEe IBH/KeHEE BOJIb HEKOTOPO# ocn
6e3 mepopmammm. OxaseiBaeTcs, 9To Takoi mamydaTenb obmagaer
cBo#CTBAME THIOJA. '

O6mumit mpmem WCCIeXOBAHAA JI060OTO BEA AHTEHH COCTOMT B Cle-
IyIOmeM: TOBEPXHOCTh AHTEHHH pa3bmBaeTcs Ha GECKOHEYHO MaJke
BIIEMERTH, KAKIOMY M3 KOTOPHX TPUIHCHBaeTcsa o6beMmas CKOPOCTh
du=v,dS, tAe v, — HOPMalbHAs CKOPOCTH B TAHHON TOYKe. Kamppii
5IEMEHT pACCMATPHBAETCH KAK HE3aBECHMHIA TOYEYHHIE HCTOYHHK.
CocraBasercsa coriacHo (5. 6) nudpdepernumanbEOe BHpaKEHHE

do = 22 g, (5.11)

KOTOpPOe HHTETPHPYETCS IO BCeil moBepXHOCTH ManyvaTelnd. Ecuam
aHTEHHA M3Jy9aeT B MOJYOPOCTPAHCTBO HJIM B 9acTh HPOCTPAHCTBA,
OTPAHMYEHEYI HEKOTODHM TEJIECHHIM YIJIOM, TO MHOKMTeNb 4 B 3Ha-
MeHATelle 3aMEHAETCH MHOKHTENEM COOTBeTCTBeHHO 27 mam Q. Has
Tor0 uToOH HafiTH peakmmi0 mOJIS HA HBIYJIaTeldh WIH AKYCTHIECKOE
COIPOTHBIEENE, COCTABJIAIT BHpAKeHEE NI AaBIeHHA HA NAaHHHIH
5IIEMEHT IOBEPXHOCTH M CHOBA MHTEIPHPYIOT TO BHpaKeHHe OO BCei
mOBePXHOCTH. Taxme BHYHCIEHHS BOBMOJKHEI, ECIHE OTCYTCTBYeT
nmdpparmous, T. €. ech:m MekLy M0G0l TOIKOH HA MOBEPXHOCTHE H3IY-
garens m n10060H TOYKOH B DOJNE MOIKHO MPOBECTH HPAMYIO, He Hepe-
CeKaIONmyI0 H3IyJaTels.

Ie#icrBEe aHTEHHH B KAa9eCTBE LOPHEMHMKA CBOgUTCA B 00mmX
geprax K TOMY, 9To, Oynydum moMemeHna B 3BYKOBOE IoJlie, OHA LpH-
xoamT B KonebaTenpHoe qBEKeEMe. A BHIACHEHHA KOJHYECTBEHHEIX
COOTHOIIEHEH HYKHO yI€CTh, 9T0, ¢ ONHON CTOPOHBI, HA DOBEPXHOCTH
aHTeHHH [EACTBYyeT CcHIa, KOTOpasg MOMeT OHTh BHYMCIEHA Kak

F=SpdS,

8

re dS — aMeMeHT moBepXHoCTH amTeHHH. C APYroi »e CTODOHH,
OBIJKEHWI0 NOBEDXHOCTH NPEOATCTBYET PeaKIusa Cpefs, TaK Kak
Kone6momasacd DOBEPXHOCTh [eHCTBYOT KAaK M3IydaTedb W CO3XAET
BTOPWYHOEe 3BYKOBOE IIOJE.

Hax ysxe roBopmioch, cBOHCTBA aHTEHHH KAK H3IyIaTeasd M KAk
PHEMHHKA TECHO CBA3AHE MEKAY co0oif; IT06H paaoﬁpa'rbca B 3THX
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COOTHOMEHHUAX, JyYme BCEro MOCTAaBHTh BOLPOC O pafoTe AHTEHHH
B o6mewm Bmpie. Ilycrs mana cucrema w3 aByx agTrens I # 2. Ilomoxuam,
9T0 cHcTeMa JmHeHHA. Torma MH MOMKeM YTBEDPIKEATh, UTO NABICHHSA
Py ¥ p, Ha IOBePXHOCTAX 00eMX aHTeHH WX OOBEMHHE CKODOCTH
U, ¥ U, CBABAHH JHHEHHHMH COOTHONEHEAMA

Py =yl - Crolly, Pa == Coylly - Cyoll, (5.12)
BeracaaM cMbica Ko3QOEIEEHTOB ¢), B Cp. MBI mMeeM

ey =122
Uy

’
%y=0

T. €. 9TOT K03 PUIUMEHT NOKA3KIBACT, KAKOE NABIECHHE P, PA3BHBACTCH
Ha MOBEPXHOCTH aHTEHHH 2, ecam anTeHHa ] konebaercsa ¢ o6beMHOR
CKOPOCTBIO U, OPH YCIOBHH, YTO apTeHHA 2 3aTOPMO:KEHa, T. €. HE
MOKET COBEpINAaTh HHKAKoro ABmKeHuA. Hoaddmiment

BHIPA)KaeT AHAJOIWYHHE COOTHOIMGHHA [iA PaGOTH CHCTEeMH mepe-
naym B o6paTHOM HanpaBlIeHEHMH, T. €. KOTAA WM3JNyJaeT aHTeHHA 2.
Hambomnee cymecTBeHHWM [jd NAIbHEHIIEro sABIAETCA OCHOBAHHOE
mga Teopeme BsammuocTE [1] yrBepkneEme, uTo KooddmmmenTH C;y
7 C,; PaBHH ADPYT APYTY, T. €. 9TO

P2
uy

_n

u=0 U

(5.13)

=0 "

9To COOTHOIIEHMWEe, KaK PAX APYTAX CXONHHX COOTHOIIGHHH, BEIBOLH-
MHIX 73 TOH e TeOpeMsl B3aHMHOCTH, KaK Pa3 U CJIYKAT BHPa/KeHAEM
eMECTBA MPHEMHO-H3IyJaTelIbEKNX CBOHCTB BCAKOH amTeEHH. OTHO-
CAMEECS K STEM BOIpPOCaM CO0o0pa’keHHs pasBmBaioTcA Ooxee mop-
poGEO IPEMERUTENLHO K HEYCTAHOBHBIINMCA ABICHAAM B § 22 ruaBH 2.

HanoMHmEM eme pas, YTO XOTA Halle-W3JI0KeHNEe KOHKPETH3HPYeTCs
Ha MaTepmaie 3BYKOBHIX BOJH, HO MHOTHe OCHOBHEE BHIBOJL HMEIOT
ofmumit xapaxrep, T. €. DPHIOKEMH K BOJTHaM no6ot pusmgeckoH
TPHEPOJILI.

§ 6. Mnppaxuns

fIBnenme AEPPAKIEE COCTOMT B TOM, 9TO BOJHA, BCTPEIAACH
¢ IpemATCTBEEM KOHEYHHX PasMepoB, B Tof mIm HHOE Mepe ormGaer
5T0 IpenATCTBHE.

10 sBieEme TpeGyer CaMoOro CephesHOro BHEMAHHA, BO-IEPBHX,
IOTOMY, 9TO TNPAKTHIECKOe BHAICHHe €ro OYemb BENHKO, A BO-BTO-
DHX, BCJIEJCTBHE BHATATONBEEIX TPYJHOCTEH, BOSHEKAOMEX IPH €ro
MaTeMaTHIeCKOM HcclIenoBaHAE. Porxs mudpaknEOHEHX ABNEHHH CTa-
HOBHUTCS ACHOMN, 6CIH TPEeICTAaBATh ce6e, UT0 HHKAKOe HCIOIb30BAHHE
HIE fake mpocToe HabmojeHme KAKEX 6h TO HE GHIO BOIH HOMEIC-

18 A. A. Xapwesmd, T. 1 273



ammo 6es Berpeanm ¢ TeMd mum mERIME npexmeramu. CBoGogHO pacupo-
CTPAHAIOMAACA BOJHA HENOCTYHDHA HAOMIONEHWIO W HE MOMKET OHTh
mcmonbzoBara. C Apyrod CTOPOHH, O0YEBULHO, 9TO BCEBO3MOIKHEIC
npEGOPHI X yCTPORCTBA ANIA HAGMIONEHUS M MCIOJb30BAHAA BOJH Ipey-
CTaBIANT c060if IPENATCTBUSA KOHEIHBIX Pa3MepPOB, X, CIeTOBATEIbHO,
¢ ABJNeHEeM TEPPAKIEA MEL EmMeeM felo Bcerna. Bcee, 4ro rosopmmocs
pampme 06 oTpajKeHWE W HPEJOMJIEHHH, OTHOCHIOCH K CHENAATBHOMY
7 mpEToM abCTPAKTHOMY CIydal GecKOBeYHO mPOTAKEHHOHE rpaHmIL
nByx cpen. Habnoonas ABIeHus, OPOMCXOAAMEE OPH BCTPEYe BOJHE
C TeJOM KOHEYHHIX Pa3MepPOB M IPOM3BOILHON (ODPMBI, MH HE MOKeMm
yiKe TOBOPHTH 00 OTpajykeHMM; MH TOBODHM B 3TOM Clydae 0 Amdpaxr-
nmomHEoM 1moje, ofpasylomemcs BOKDYT HPENATCTBHA, M CHOEpeN:
7 c3agy. ME BHEYKIEHE OTKAa3aThCA OT IPOCTHX M YAOGHHX Ipej-
CTaBIEHUHA JydeBoll (reoMeTpHIeCKOR) TeOpHE BOJH; Jydum (Kak Ol
MH UX HE OOpENEeNsIIA) UCKPHBISIOTCA OKOJO IPENATCTBEA, H, CJe-
ZOBATEIBHO, CAMO HOHATHE Xy9a TepseT CBoe 3HAYeHHmE. MEI MOJIKHE
OTKa3aThCA TAKMKE OT IPHBLIIHOIO IIPENCTABJIEHHS O NeOMETPHIECKOlH
TeHH; OKA3RBAETCS, UTO BOJHOBOE BOBMYIIEHUE TOM WM WHOH WHTEH-
CEBHOCTH HafmomaeTcs TakKe W HA OOBEDXHOCTH NpPENATCTBUA,
OpOTUBOJIEKAMeX HCTOURAKY. JIHade roBops, DEPeXOsa K HM3YIEHMIO
IuPpPaKIAOHHEKX ABICHWHA, MH JOJIKEH OTOPOCHTH LEJNLIH KOMILISKC
mpocTeNMAX NPENCTABIEHAN M ORJIANETh NOHHMAHEEM BOJIHOBHIX
ABIeHEA Ha 6ojee BEICOKOM YpOBHE.

Crenyer Temeps yTOYEHTH IOHATHE O pasMepax. Bo Beell crammo-
HapHOE TeopWW BOJH S ONPEJENeHHS TeX HIX HHBIX PasMepoB
OpUMeHseTCA IepeMeHEHE MacmrTab — muamEa Boambl. «Boxbmoin
A7 (MAJE#Y HY/KHO HOHEMATh Kak GOMbIION miIm Maumi mo cpaBHe-
HEIO ¢ #amBO# BonEH. «HoHewHNA» 03HAYAeT CPAaBEAMEIA ¢ famHOM
BOMHH. AGCTDAKTHHIA TepMHEH «GECKOHEUHHIH» MMeeT game Bcero
BIOJHE PEANbHEA CMEICA; peIb HAET O BelmYMHE BeChbMa 60JBIIOH
OO0 CpaBHEHWI0 ¢ [JIWHOA BOAHH. Ecim 6u Taxkoe wmcTomKoBaHme
He L0 BO3MOKHBEIM, TO HE MMENO0 OB HIKAKOTO CMBICTA PACCYMKIATH
06 orpasxenn: BoxH B Ayxe § 3. IlpakTuueckn: e aTu paccyxmenma
oTHIONH He 0eCIoJIe3Hs!, HO HX CIIeyeT OTHOCHTH K IaCTHOMY CIIy9Yaio
BCTPEYM BOJHH C TPaHATER, IPOTAKEHHOCTh KOTOPOH BECHMA BENTKA
o0 CPaBHEHHIO ¢ JIEHOE Boxmsl. M3 sroro ciemyer, 4rto pesymbrari
§ 3 B peauabHOM CIydae BEpHH JHIIb ¢ UPEOIMKEHEEM TeM GOIbIIEM,
geM 60IbIIe TPOTAKEHHOCTH IPAHUIE 0O CPABEEHTIO C IJIAHOMR BOJIHEL

B pasnmimRIX OTPACIAX HAYKM WM TeXHWKM MBI WMCCIELYeM w opm-
MeHAeM BOJHH HE TONBKO DasiuiHod ¢uswieckod mpmpomsl, HO =
BechbMa pasamuHoi Aammh. OnTUKA MMEeT MeNo CO CBeTOBHIME BOIHAMM
u 6amxafimuMa obractAMm MHOPAKPACHOR u yasTpaduosaerosoi
9aCTed CIEKTPa, T. €. ¢ BOJNHAME, AJIMHA KOTOPHX JOCTATAET HOpPAAKA
MAKPOHA. AKYCTHKA OPHEMEHsAET BOJHH AJIHHONR OT HECKONbBKIX CAHTH-
METPOB 10 JECATKA METPOB, a eC/lE BKIIOTATH CIOfla TAKKE YIBTpa-
H WHPPABBYKOBHE BONHE B DABIAIHEIX CPefax, TO AHANA30H JIHE
BOJIH e 3HAYATENbHO pacmupurca. [lIMHH DPagmOBONH O0XBATH-
BAIOT OTPOMHEIY AMANA30H OT CAHTHMETPOB N0 KHIOMETPOB.
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Taxoe pasnmume B gauHax BOJH ompenenser w pasnadue WX moBé-
JeHUA; TaK, HaOpUMep, B IOBCEJHEBHOH »KU3HA MK HE Habmiomaem
IuPpaKOUIE CBETOBHIX BOJH, TAK KAK OHH OYEHb KODOTKH, HO 3aTO
OocTOAHHO HalmiomaeM [udpaknui0 3HAIATEIHHO Gosee MIMHHBIX
3BYKOBHIX W PaJHOBOJH.

O6paraMcs Tenepb K PE3UKO-MATEMATHIECKOR CTOpOHE UPOGIEMEL.

g KadecTBEHHOr0 NOHMMAHEA NAPPAKIUOHHKX SABIEHANA BECbMa
monesed mpuwHmmn I'lofireHca, COCTOAMMA, KAk M3BECTHO, B TOM,
9T0 KaJKEas TOIKA BOJHHL MOKET PACCMATPUBATHCH KAK HOBHIA TOded-
HHE wmeTogHmK. [lonmp3ysch aTEM OpefcTaBiIeHMEM, MOXHO JETKO
HOCTPORTh (POHT PACHPOCTPAHANMERCs BOJHH (puC. 7), MOMKEO
TaKKe HaMeTHUTh OCHOBHEHE Kagect-

BEHHBHe 9epThl NUOPAKIMOHHEIX

apaenmit. Tax, wHampumep, ecnu

WIOCKAas BOJNHA BCTPEIAETCA C9Kpa- [ 1 T T T T1°°-
HOM, CHA0KEHHHM MalEHBKHEM OT-
BepCcTHEM, TO 9TO OoTBepcTme Oyner
ABAATBCA  HCTOYHHKOM  pPacxoms-
1e#cs Mo Ty CTOPORY 9KPaHa BOJIHKI.
Ecam skpan cmaGykeH IeaBIM PAXOM
OTBEPCTH#, TO BOJHEI, H3IydaeMhie
KQKIHEM OTBEPCTHEM, KaK HCTOTHU-
xoM, Oyxyr mmrepdepmpoBars. Mu
OORXONMM, TAKAM o06pasoM, K 00bac- Pne- 7

HeEWi0 JeifcTBAA AuPpPAKIUOHHON

PemeTKH.

K comanenmio, npmuuymn I'oiireHca B ero axemeHTapHo# Qopme
He 7aeT BO3MOMKHOCTH HOJYIATH KOJIMIECTBEHHOE pemeHume Xuppax-
OHOHHOH 3amagu. BmocmemerBmu Hupxrod mocTpomnm Teopmio, KoTo-
pasg OpPUBOAMT K TOTHOMY peIIeHHI0 3TOH 3a/add; [eJ0 CBOTHTCA
K BHYMCIGHHMIO HEKOTOPOTrO0 HMHTErpaia, Hoj 3HAK KOTODOro BXONAT
3HAUeHNA IOTeHNHAJa ¥ ero HOPMAJbEKX MpPOM3BOJHEX (2 TaKke
OpOM3BOJHKEX [0 BPEMEHH, 9TO HE CTOJb CYIMIECTBEHHO), ONpejeseH-
HhlE HA OPOE3BOJNBHON BaMKEYTOH TOBEPXEOCTH.|

Qopmyna Kmpxroda mmeer BHJ

ek @ E@s oo

rme ¢, — OOTEHNEAX B TOUKe A, oxBaTsBaeMO# HpOHMSBOIBLHOM

IOBEPXHOCTBIO S; 1 — BHYTPEHHAS HOPMalb K S; r — paccrosnue
oT a;eMeHTa moBepxHocTH dS MO ToukM A.

Xors ¢opmyra Hmpxropa cama mo cebe Oesympeuma, OAHAKO
OpAMeHeHHe ee¢ HATaJIKEBAeTcsA ia TPYAHOCTH NPHHONOHAABHOTO
xapaxrepa. I10BepXHOCTH, Ha KOTOPOH NOJKHB ORITH M3BECTHEI 3Ha-
GeEHA TMOTEHNEAJA ¥ ero HOPMAJbHOM OPOU3BONHOHE (Tak HasnBaeMas
FOATEHCOBA MOBEPXHOCT), MOKeT BEOEpaTsca mpomaBoabHo. Ho xak
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6ol MBl ee Hu Bh6upanu, 40 TOTO, KaK 3ajada pelmeHa, Mbl HE HMeeM
JZOCTOBEPUBIX CBejeHUH O TOM, 9TO HA Iie# MPOMCXOAUT, H, CJlefoBa-
TeJbHO, TOYHOE PeleHre CHOBA 0T HAC ycKoabaaeT. OOmdIHBIN BRIXOJ
73 3TOr0 IHOPOYHOI0 KPyra COCTOMT B TOM, 4TO Ha3HAYAKT HA TIOHren-
COBOH MOBEPXHOCTH IPEIIOTI0KATENIbHbIE, HO II0 BO3MOMKHOCTH IPABLO-
nomoGHEIe 3HaUeHHA BolHoBOro BoaMmymenusa. Camo coboit pasymeercs,
9TO0 moNydYaeMoe LpH 3TOM pemeHme Oyjmer mpuOIMKEHHBIM, CTeNeHb
UpEOGNmKeHrs 3aBHCAT OT TOTO, HACKOJIBKO YAAYHO CHEJIAHBl MCXOf-
HHE OPefIoJ0KeHnd.

Tax, HanpEMep, IPHE PeNIeHHA 3a7a9u 0 NEPPAKIHAA OTHOCHTENbHO
OTBEPCTHA B BKPaHe IHOCTYHAIOT 0GBIYHO TaK3 COBMEMAIT TIUTEHCOBY
DOBEPXHOCTh C BKPAHOM (BKIOYAaA H IJIOCKOCTb OTBEPCTHA), 3aMbl-
KalT 3Ty 0BEPXHOCTH Ha 6ECKOHETHOCTH 1 IPeINoaaraoT, 4T0 B II0C-
KOCTH OTBepPCTHA BO3MYIIEHHEE TAKO® jKe, KaK IpHE CBOGOTHOM pacupo-
CTPAHGHHMH BOJXHBI, 8 Ha 3ajHefi TOBEPXHOCTH SKpPaHA BO3MYMEHmE
Boo6me oTcyTcTBYeT. BHIOMHWB BhramciaeHma mo ¢gopmyre (6. 1),
MH HaiieM MOTeHIHAl KaK QYEKIHI0 KOOPAEHAT, IPpAYeM eT0 3HAICHHS
Ha T'OHAreHCOBOH HOBEPXHOCTH OYAYT OTAMYATHCA OT HEPBOHAYAIBHO
upeanonoenEnX. MoykEo OEI0 OH BOCHOIB30BATHCA HAKNEHHRIMU
3HQUEHHAMH ¥ JeHCTBOBATH fajiee METOHOM IMOCIe0BATeJIbHHX MpH-
6amxermit. OfHAKO UPH pPEIIeHARA ONTWIECKHX 3a7a% OOLIFHO OTpaHU-
YHBAOTCA IIEPBHIM NPHOImKEHHmeM, KOTOpOoe, KaK OKAa3RIBaeTcs,
He TOJLKO CXBATHIBAET BCE CYIMECTBEHHHE AeTald AuPPaKEOHHOTO
ABNEHMA, HO W [JaeT J0CTATOYHOE I HPAKTHIeCKHX HamoOHOCTeH
KOJHMIeCTBeHHOe Npmbamkenne. ECrTecTBeHHO, KOHETHO, CTDPEMHUTHCA
K NONYICHHI0 TOYHHX peINeHEA PasNmIHKX AUPPAKIMOHHHX 3amad.
Tarkme pemeHma E3BeCTHH HJIA HeOGOMBIIOTO 9UCIA CHENMATIBHRIX CIY-
gaeB. Tak, Hampmmep, CymeCTBYeT TOYHOE DeIleHWEe A AAPparImu
OTHOCHTEJIBHO mapa. 3Feck 3anada, cHopMyampoBaEHag B cdepm-
9eCKMX KOOP[MHATAX, PelIaeTcd NPHW HOMOINE TOBOJIBHO XOPOIIO pas-
paboraEroit Teopmu mapoBhx ¢ysxkmui. Boobme mepecmarpmsas
HI3BECTHHIE DPeIEENA AuPPAKLHOHHEIX 3a0ad, MOMKHO OTMETHUTH, 94TO
BCe STH PeIIeHMA MOJYYAIOTCA CHeNEATHSAPOBAHHLIME, A He OOIUMHE
MeTOIaMu.

Bonbmoii mpmHENUOmANBHHE HHTEPEC NOpeNCTaBIAeT NpHHAJIe-
mamee JoMMepQeIbLy TOYHOE PeIleHme 3a7ady O NuPPAKIEA IIOCKOR
BOJHH OTHOCHATEJILHO HPAMOJEHENHOrO Kpas HoJIy6eCKOHEYHOTO IK-
pama. IToreEnuman B 9TOM ciyUae HE 3ABHCAT OT KOOPIHHATH, OTCUUTHI-
BaeMO# BJIOJb KpasA dKpPaHA, W 3a7a9a OPHBONUTCH, CJIETOBATENBHO,
K mrockoit. Mnea pemenas BKparue TakoBa: yCIOBHA, CYMECTBYIOIIHE
HA 9KpaHe, MOTJIH GH MONYdYHTHCA B CBOGOAHOM IOJE NPE HAIHIAH
BTOPOI'0, CEMMETPHYIHO PAaCIOI0KEHHOro MCToHmKA. OJHAKO TaKOTro
HCTOYHEKA Ha camoM Jexe HeT. Ho ecim emy Eer Mecra B [efCTBHTEIB-
HOM (U3WIECKOM HPOCTPAHCTBE, TO €r0 MOKHO IOMECTHTh BO BCIO-
MorareabHOM QuKTHBHOM mpocrpaHcTBe. CTpomres AByIMCTHAS pEMA-
HOBa moBepxmoCcTh. OfmE amCT PmamaecKuit, Ipyroi GEKTHBHEEIE; 0ba
JECTa CIOATH OO JuEMEM 3Kpama. Ocraerca mogo6paTh CEMMETPHIHYIO
OTHOCHTEIBbHO IMBA QYHKOHIO, YA0BIETBOPAOMYI BOJTHOBOMY ypaB-
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Henuio Ha obomx amcrax. Yacrs pemenusi, oTBeqanmans QEKTEBHOMY
JACTY, B OKOHYATEJBHOM pesyJbTaTe, NOHATHO, OTODPACHBAETCH.

3a mocienmee BpeMsa B 061acTy Teopuu JUPPAKOUA HOBHE METOLE
co3gann axagemuxaMm CmuproBuiM M CoO0JeBRIM; DOABHAIOCH TOYHOE
pemenme 3amadu 0 HUPPAKUUM OTHOCHTEIBHO KPYLIOLO OTBEDPCTHA.

Boo6me sxe mososkenue oCcTaBJISAET ;KeJIATh JAYUMIEro; XOTejloch Ghl
pacmojaraTh JOCTATOYHO OOMAM W He CIHMOIKOM CHOKHRIM METOLOM
[ONYIeHUs] TOYHBIX DPelmenmi xoTsa Gl mpocredmmx NEPpaKUHOHHKX
3ajad.

§ 7. Ilpanupn HanomeHAA

OnHuEM 43 CHIBHERIMHAX OPYIWHA MCCIETOBAHHUSA JEHEAHLIX npobuem
ABNAETCA UPUHIUI HATOKEHHA WIH CYOSPOO3HMIHU.

IlprMennaTebHO K BONHAM NPHHIWI HAJIOKEHHSA COCTOMT B TOM,
9YTO HAJAIUe BOJHOBOLO HOJA lie W3MEHSET CBOHUCTB CPeIhl, U, CJe-
A0BaTebHO, Jobad APYras BOJHA pPACHpOCTPAHAETCA B cpele Tak,
KaK ecim O HHKAaKoTo mois B cpefe He Gruto. Cioxkuoe mose awboro
9HCIA OJHOBPEMEHHO CYIIECTBYIOMHZX BOJH HOJY9aeTCa IPOCTHM
CYMMEDOBaHFeM moJefl KaKHOo#X OTJAeJBHOH BOJHB; IOTEHIHAJH,
KaK CKaJspHbIe BeJIUUNHEL, CKIAIbIBAIOTCA anrebpandecky; rpaf@e HTH,
KaK BeKTODHH® BEJMIMHE, CKJIANHBAIOTCA reoMeTrpuiecKE. MEL yixe
T0Nb30BAIACEH HESBHO NPAHIANOM HAI0KEHHA B § 4, Korga rOBOPHIE
06 muTepdepeHnEA, HpeACTaBIAONmEH co60i pesysnbTaT HANOMKEHH
BONH, WJIH B § D, Ile H3IyIeHHE HEKOTOPOH IMOBEPXHOCTH PacCMATDH-
BalloCh KAaK HAJNOKEHHe IoJe#, CO3[ABAEMHIX OTHEJBHHMH dJIeMeH-
TaM® 3TOX IOBEPXHOCTH.

W3 npmanmna HaNTOMKEHMS BHITEKAET BO3MOYKHOCTH 00paTHOTO Hei-
CTBHA — DPAa3NOMieHHA, COCTOSMEro B TOM, 9TO MH MOMeM Ji06oe
CJI0KHO® BOJHOBOE BO3MYINEHHE DPA3l0KETh HA IpocTedmme COCTAB-
JA0mue, OprdeM BRIGOD XapaKTepa 9THX COCTABIAIMIAX HOJIHOCTHIO
33BHCHT OT HAIIEro YCMOTPEHHAS ¥ AAKTYETCA HMCKIIOIATEIHEHO CO-
ofpaskeEMAME, OTHOCAMEMHECA K yHAOOCTBY HCCJeTOBAHEA.

B mauane sroro maparpada yxa3nBaJoCh, 9TO IPHHIEI HAJOKE-
HEA DpEMEHENM K JuHeEHsM mpobremar. Ciemyer paccMoTpers TOT
BOIpoOC mofpo6HEee NI TOro, ITOGE HAMETHTH IPAHUIE IPAMEHAMOCTH
TPHHUEIOA HAJIOMEHHA.

Ecan 3aKOHK H3MEHEHMs COCTOSHUSA CPelbl IPHE BOJHOBLIX BO3MY-
MEeHASX HeJUMHEHHHN, TO MOMKHO IDeABH/ETh JIBa CJENCTBHA 3TOH He-
nmpefiHocTr. Bo-mepBHX, OpH HAIAIHU BOJHOBOrO BOMYINEHHS BOJ-
HOBHe HOCTOSHHE® CPENH M3MEHAITCA 6 cpedHem, a 8T0 YiKe ABIACTCA
HapyIeH#eM OPEENUNA HaJoKeHnsA. Bo-BToOpLIX, HeIMHEAHOCTS CPefsL
HapymmaeT MpOCTO# B3aKOH CYMMHPOBAHEA. ITO MOMHO MOSCHHETH
crenyiomelt cxeMarmieckoll Bmkaamko#. Ilycrs z m y — nse Beu-
9mHEl, XapaKTepH3yOIIEe BOJHOBoe Boamymenme. Ilpu nmmefiHOH
3aBECAMOCTE MEXAy NUME OPWHNWI HANOMKEHHS NPHMEHHM, W MbI
nIMeeM IPH OJHOBDEMEHHOM HAJHYEHU JABYX BOIH

y, = kz,, Yo = Ky, y=y1—[-y2=k(xl+x2)=kx.
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Ecam ke saBuCumocTh weammedHa, TO
v =1 (), Yo = I (g), y=Ff(z)=1f (2, + zy) #=f () + f (2,),

T. e. OPUHIUI HAJIOKEHUA He NPEMEBEM.

TlocMoTpuM Temepb, Kak OGCTOMT HRelO IS DPAa3THIHKEX BOJH.
JLIA 3IeKTPOMATHHTHEX BOIH B IyCTOTE KO CHEX HOD HAKAKUX HADY-
INeHU# IMHEAHOCTH SKCUEPHMEHTAIbHO He obHapyxeHo. Opxmako
©CIId HIEKTPOMATHUTHKIE BOJHH DacIPOCTPAHAITCA BOIM3E Hecosep-
MIeHHKX AHAICOKTPHKOB HIHM IPOBOJHEKOB, TO BO3HHKAKT XapaKTep-
HEE BapyMeHHs UPAHOENA HaloKeHEA. K TakmM ABIeHUsSIM OTHO-
cutcsA, HampmMmep, Tak HassBaeMmui# Jliokcembypr-T'opbKoBecKmi adh-
QeKT, COCTOAMUA B MOTYIANHA Iepefadn ORHON PAgAOCTAHLIUH T10JeM
Apyro#i. dtot adderT 06BACHAIT HETHHEAHOCTHI0 HOHOCHEDHL.

3ByKOBHIE BOIHH pPACIOpOCTPAHAIOTCA B 3aBENOMO HEIHHERHON
cpere. Jemro B ToM, 9TO afgmabaTHYECKHil BAKOH CHKATHA, IO KOTOPOMY
COBEPIIAIOTCA  AKYCTHYECKME  SBIEHHA, — 3aKOH  CYIIECTBEHHO
HeJmHeHHHE. M oIrCHBaeM aKyCTHYeCKHEe ABICHAA TAHEeHEIMH ypas-
HeHRAMH @b UpuOamKenHo. JTo OpuOIMmKEHme OKa3HBaeTCcH [o-
CTATOYHHM, €CIM MH OTDAHHYEMCH PACCMOTPEHHEM TAK HA3HIBAEMEBIX
MaJIHX BO3MyINeHWH, T. €. TAKEX BOBMYMEHUN, IPHA KOTOPHX OTHOCH-
TeJIbHEE W3MEHEHHA XABJIEHUsA, MIOTHOCTH, 00BeMa W T. . BechkMa
Maiau. Ilpm aTOoM ycioBEEm LOpHpAMEHHs ITHX BeIWIHH UPEOGIH3E-
TEeIbHO OIPONOPIEOHANBHE SPYT APYTY, A MBI BUPaBe BOCIOIb30BAThCSA
JIEHEAPU30BAHHEIMA YDABHEHHAME AKYCTHKH, 9TO YUPOIMAET [eJo.
3Had e, B 9eM COCTOHMT UPUOIMKEHNE, ME JIETKO MOKeM ero OIeHUTE.

MaremaTEueckoe NpEMeHeHHe NPHHIWANA HANOKEHHA CBOLATCH
B o0mmx deprax K CACNYIOIMEMY.

Ilycts pmamo ypaBHeHnme

y=Y(z),

Tae ¥ — amHeAHNA QYHEKIUOHANBHEA 0NEPATOP, BRIOIAOMHEI B cebsa
Kakme yrogmo nmdpdepesnmanpHrie W HETErpadbHHeE omepanmd. Ilpen-
TOJTOKAM, YTO PelleHHme NAHHOI0 yPABHEHMS OKA3HBAETCA 3aTPYNHE-
TeIBHEIM, KaK 5T0 9acTO X OHBaeT B [edCTBHTENBHOCTH. IIpeacTaBum
BeIMIWHY Z B BHMIe CYMMH (KOHEYHOM mim GecKoHeHOMN)

=Nz,
BHOpaB claraeMmsle r; TaKEM 06pa3oM, 9To6H ypaBHeHHe
y;=Y¥(z,)

paspemanocs 1o BO3MOHOCTH Jjerko. Hafigdg ciaraeMue pemennd,
noJaydYaeM OKOHYATENbHRIA Pe3YIbTaT MPOCTHM CYMMHPOBAHZEM

y=2y;-

Caenyer eme pa3 IIOYepPKHYTbH, YTO 3TA CXeMa IPEMEHHMA JHIIb
npu yciaosmu, aro ¥ ecTh numEeiHH# omeparop.
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Pasnoxxkenne r=2Xz,, KaK yKe rOBOPHJIOCH, OPOA3BOAbHO. DYHK-
LHA T MOKeT, Haupmmep, OHTH pasioskeHa B PAX H0 JAWOHM QyHK-
@AM HJIHX OPeCTaBIEHA COOTBETCTBYIOMIEM WMHTErPajJbHHIM BHpasKe-
umeM. OQ4enb GONBIMIYIO PONH HTPANT PA3IOKEHAS IO TPULOHOMETPU-
gecKuM QYHKIESAM, COCTaBIAOMEE OCHOBY MeTofa Dypbe, KOTOPOMY
NMoCBAINEH chaenyiomuit maparpad. IIpmmensiiorcs, 07HAKO, B LpPYyrue
pasIo)KeHHs, HANPAMED OO0 MAapOBHM QYHKIHAAM, B JaCTHOCTH IO
noamHomMaM Jlemanpapa. Hexoroprsie cnequanbHeie BechMa yao0ibe
pasnoskeHHA GYRYT OOCY/KIEHH HEIKE.

§ 8. Pag n materpan Oypne

Crauuonapuas TEOpPHS BOJH paccMaTPWBAeT BO3MYMEHHS, ONM-
CHIBaEMble NEPHONMIECKHME (QYHKIUAME BDeMEHE X KOODRHEHAT.
HamGosnee ymoGHBIM pasioKeHHEM [IA NePHONWYECKEX QYHKIAR
ABIAETCA PAasido)KeHHe B PAX IO TPATOHOMETPHIECKAM QYHKIEAM,
pasuBaemoe psamoM ODypre. Ecim mepmonmueckas ¢yEKmus (mycrs
I OLPEIENeHHOCTH 9T0 Oyner QyHKIOUA BPeMEHH f) ompefeleHa Kak

f&) =1t +nrT),

rge T — mepmof; n — OPOH3BOJBHOE Iejoe THCI0, TO PYHKIEA BTa
MokeT OmTh mpefcraBiesa psmom Dypbe cienyommm o6pasoM:

“+©
F(t)= 2 e, 8.1)
rae
+7/2
4= [ 7@eat. 8.2)

~T/2

910 — TaK Ha3mBaeMas KommiekcEaa dopma pama Pypre. Dmame-
ckmit cmeca (8. 1) cocromT B TOM, 9TO mepmog@IecKaa YHKIEA Ipef-
CTaBIfETCA KAK CyMMa CHHYCOMJAJIBHHX KoJeOaHEHA ¢ JacTOTaMm,
KPAaTHHMHA OCHOBHOM 9acroTe

o=2r/T.

KoneGagme 0CHOBHOM 9ACTOTHL HOCHT Ha3BaHME IEPBOA TADMOHHAKH,
KojleGaEme MBOMHON WaCTOTH — BTOPOH rapMoHmEM, @ T. A. Benm-
umEa |4, faer BHAYSHEA aMIUIATYA TapDMOHMK; COBOKYIHOCTH 3Ha-
genni |a,| HOCHT HasBaHWe CIEKTPAa aMITETYL .

B xoopmmmarax (|a, ©) cHEKTp HpEACTaBiIsAeT COBOKYNHOCTD TOUEK
¢’roopmuuarama (|a,/, k©). O6menpumasTo rpadmiecroe m3obpaxenne
cOeKTpa IpPE NOMONE BEPTEKAIBHHX OTPE3KOB, JUTHHA KOTOPHX

1 OGHYEO TOBOPAT UPOCTO CIHEKTP; ORHAKO YTOYHEHHE TePMAHONOTHM JKelra-
TeIbHO, TAK KAK MOYKHO TOBODHTh H O CHeKTpe $as, M 0 CIEKTDe MOIIHOCTH

¥ DHEPIHAL
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IpOmOPIEOHANBHA COoTBeTCTBYOmMNM |2,/. Takoro popma cuexTp Hocmr
pagBaEme nmHeigaroro (pme. 8).

3HaE@EA OTHOTO JWOIb CHEKTPa AMIIUTYR ele HeZOCTATOYHO IS
BoccTanoBIeHnA Braa Gymknomm f (¢); xar BmaEo m3 (8. 1), mus srtoro
HYKHO emle 35aTh CuekTp ¢as ¢,. Omgaxo oTBeT HA PAJ CYMECTBEHHHIX
BOIIPOCOB MOKHO IIOJYIATH IPW HOMOMZ OAHOTO CHEKTPA aMILIATY..

o IS¢jw))

TTT?

0 w 2w 3w % S0 6o ke @

Purc. 8 Pnc. 9

Bosspamasch kK CKa3aHHOMY B IpefsAyImeM maparpage, MH BHIEM,
970 THIOBAA 3a7a9a

y=1Y (z)

IIA cIydasd, KOTHA & eCTh MepHofEmIecKas QYHKIEA f, pelmlaeTcA mpH
nomomu paga Dypre cregyromum oGpasoM: BHOmpaercs

z,= a‘ef(iwt)
u pemaercsa YPaBHEHHAE BHOA
v =T (g) =T [ae/0)],

mocie gero obmee pemenme moxydaerca Tarke B dopme psaga Oypoe
y=2Y,

Taxmm o6pasoM, pemenme n060d mpoOaeMs IS OPOCTEAmEro
caydag 4HCTO CHHYCOHMIANbHOTO peskmMa 6e3 Tpyma obobmaerca ma
cIy4ail mpPOM3BOIBHOIO TEPHONEIECKOro permMa. Bor mowemy umpm
BCCNEOBAaHEA KoaebaHmii W BOJH OrPAHHIABAITCH OGHYIHO pac-
CMOTPEHHEM CHHEYCOMAANBHOIO peXEMa. Ecinm m3BECTHO LOBeeHme
HEKOTOPO# CHCTEMH B CHHYCOMIAJIBHOM peKmMe JI000H TacTOTH, TO
TeM CaMEIM PeIleH BOIPOC X 0 HOBEeHHAY 3TOHX CHCTEMEL B I060M IepHO-
OWIECKOM DEesKEME.

XorA MH TOBOPHJIH IIOKA TOJNBKO O NEPHOAUIECKHX (QYHKIHAX
BpEMEHH, HO COBEDIIEHHO AaHAJOr@IHEHE COOGpayKeHAA OTHOCATCA
K IePAORHIeCKAM QYHKOUAM OPOCTPAHCTBEHHLIX KoopamaaT. CooTBeT-
CTBEHHO W3MeHAeTcA JWIE CMBICA BenwimH. Hampummep, mepumop HATO0
OOHMMATH B 3TOM CIlyIae He KaK IPOMEKYTOK BPEMEHH, a KaK OTPE30K,
3a mpefielaME KOTOPOTO H3MEHEHHS (YHKIWHE BOCIPOU3BONATCH
TOBTOPHO.

Bosmoxuo 3amedarensHoe 06o6menne pana Dypre, mossongiomee
OPUMEHHTH TY 7K€ HJeI0 Pa3jIoKeHHA IO CHHYCOHIAJbHHM QyHKIUAM
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k menepmopmaeckmy Pyuxuuam. Taxoe obobmenme Moxuo cebe mpesi-
CTaBUTH, €CJH OPHHATH BO BHAMAHHAE, 9TO HENePHOoAMIecKas QyHKOuA
MOJKeT DACCMATPHBATLCA KAK IePHONUYECKAs, HO C LEPHONOM, CTpe-
mammmes k Geckomewnoctm. Ilpm aToM oCHOBHAA 9acToTa CTPEMETCA
K HYIO; K HYNI0 CTPEMUTCA TAKM€ M HNTEPBAJ MEKAY OTHE]JbHHMHI
CHEKTPAJbHHIME JIHHEUAMHA; CYMMA KOHEYHHX CJIaraeMeX, KOTOPYIO
apepcTaBiset co6oit pag Pypre, KoMKHA GHITH 3aMEHEHA WATErPajoM.
Odopmme mammexammy 06pasoM BTH DPacCy;KNEHHSA, MH IOJYIEM
dopmyny mnterpana Dypre (oma mama 37ech TaKKe B KOMIUIGKCHOM

dopme)

o
ft)=o [ 80 e do, (8.3)
e -
+o
8 (jo) = g f(t)e7™tdt. (8.4)

Warerpan @ypse mpepcraBaser a6y (¢ IPaKTHYIECKE HeCy-
INECTBEHHKIME MAaTeMATHYeCKEMU OrPAHEICHHSAME) HeNEPHONTIECKYI0
¢yEKOMI0 B BUNE CyMMH GECKOHEYHOTO YmMCIa GECKOHEYHO GIHBKHX
10 9aCToTe ¥ 6ECKOHETIHO MAJLIX 10 aMImuIuTyAe koneGarmit. (Matepsan
MEXAY KOMIOHEHTAMH €CTh d®, AMIUIATYIa KAKAOH KOMITOHEHTH
[S (j @) do.)

Benmumma |S (jo)| HOCAT HasBanme aMIVIETYRHOIO CHEKTPa GYHK-
nma f(). Ommako B oTiHYME OT CHEKTPA HEPHOAUIECKOH (YHKIAH
CIIeKTD HemePHONATeCKOH QYHKURA IpeAcTaBisgeT co600 HE COBOKYI-
HOCTH JMCKPETHHIX B3HAYEHME, a HEUPEPHBHYI (YHKOHI YaCTOTH
(pmc. 9). Taxoro poja CmeKTp HOCHT Ha3BAHME CIUIONIHOTO; rpadm-
Jeck:m OH m306pa)kaercAd HempepHBHOH KpmBod. IlosToMy mmEOrma
TOBOPAT, 9TO (CIUIOLIHOX CIEKTD CONEPIKAT BCE IaCTOTHIM.

Xors murerpan @ypse nmonyuaercs u3 paga Qypoe Kax 6yaTo Gu
09eBUIHEIM LpPEJeJBHEIM NEPeX0/0M, OJHAKO C (H3UIECKAM €ro
WCTONKOBAHMEM HYKHO 00pamaThbCsi OCTOPOKHO. [ler0 B TOM, 9TO
pag @Dypre mpeacTaBiseT pasioskeHEe nepuoduueckoll GYHKIEH
Ha DePHEOIWIECKEE e COCTABIAIOIME, B TO BpeMsa Kak uarerpal @ypre
DAaeT pasioKeHWe Henepuoduueckol QYHKOMM HA NEPUOARIECKHE CO-
craBasiomue. Vnage rosops, B ciydae murerpana Qypre cymma He
ofnamaer CyMECTBEHHHMH CBoHcTBaMu caaraemux. Hepocrarouso
SICHOS HOHWMAaHEE 3TOr0 00CTOATENBCTBA BEAeT HHOIJA K HEJ0pasyMe-
saam. Qopmansao murerpan Oypre @ 0CHOBAHHEA HA €T0 IPUMEHEHAN
BHYMCIMTENbHNE ammapaT OeaympedsH.

§ 9. Uurerpan Moamens !

3a mocuenmee BpeMa Bce Gosee MEPOKOe PACOPOCTPAHEHHAE mOAY-
9aeT OfMH CIeOUANbHEA BHI PaslOXKEHHA, B KOTOPOM B KawecTse

1 PopMyna mATerpada J(0aMeld H3BECTHA TAKKe MNOJ HA3BaHWEM TEOPEMEl
CBepTHBAHAA,
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3JeMEHTAPHOIO CIAraeMoro NPHUMEHAETCA He CHHycowpa, 4 6codoro
BHIA pas3pHBHAs, TAK HaswmBaeMas efunuynas ¢ynxuusa. Dymxnus
8Ta XapaKTePH3YeTCA TeM, ITO IPH HEIPepPEHBHOM BO3DACTAHHE apry-~
MEHTA OHA CIEPBA PaBHA HYJIIO, 4 3aT€M IDPH ONPENeJeHHOM 3HAYCHUK
apryMenTa W3MEHAETCs CKAaYKoM [0 ILIOC eIMHUOB H COXPAHAET 3To
3HaYeHHe IPH fajlbHeldIeM BO3PACTAHHM ApryMeHTA.

OnpepeneBne sT0d (QYHKOUEM TAKOBO

_O [t <A,
co(t-——'c)n.1 [t > ).

Jlobasa naEHas QyEKOEA MoKeT OGHITH PA3JOKEHA IO eIHHMIHEIM
dyurouam. Hambomee narmsgmo Taxoe pasiOKeHme NOMYIAETCH

©. 1)

20 ,

(4t} ~f(0)

3
k)

B s
F-—-4+4—-4--

]

}
)
FE |

]
|
T
t
{
|
|
1

Puc. 10

i
1
l
0 4t 24t 34t 44t 14

IpefeNbHHM LepexofoM. BossMem rpaguk xawo#-nm6o ¢ymEKmEE
f (¢) (pme. 10). Pazobrem ocs abenmec Ha paBEEe 0Tpesk: Af i Bommem
B MaEHHE rpadux gomamylo JMmEmO f (f), Kak moxasamo Ha pme. 10.
Ha ocmosamum ompepenerma (9. 1) MoeM 3ammcaTh aEATATHIECKOE
BHIpQJKeHOE [JIA JIOMAHOM

(@) =1(0)0, (t) + [f () — £ (0)] oy (t — At) +
+ [f 2At) —f (At)] oy (t — 248) + ... =
kAt=¢

= kéo {f (kAL) — F[(k — 1) At]} o, (t — kAt).

Bynem nmepexomurs k mpepeny, yerpemuss Af mymo. Torga opupa-
menue QymEKnmE f 3ameHHTCA ee mubdepermmamom, cyMMa mepeier
B WHTErpajl, HePeMeHHAA CYMMHUDOBAHHA kAf MOKeT GHTH 3aMeHeHA
IepeMeHHOH MHTerDUpOBAHWA <, a JOMaHAA f(¢) COBNAeT ¢ JaHHOM
dymrmmeir f (£). Mu momygaem

ot
f)= S 3y (t — ) df (). (9. 2)

0

ITOT MHTErpal HY/KHO HOHAMATH B CMEICIIE Cransrheca, T. e. oH
UPHUMOHEM M B TOM Ciydae, Korfa pyrxnma f (¢) mmeer pasprsu. Ecau
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f (1) mempepnsHas (u rnaskas) dyuxuus, to (9. 2) nmpEHEMaeT BEY

t

FO)= [ ot —9) 1 (7) d. (9.3)

0

Ecnu e uMel0Tea paspuBH, T. €. CKAYK006pasHLIe H3MEHEHAA PyHK-
Iuy NPA ONPENENEeHHHX 3HAYCHHAX APIyMeHTa, TO K IpPefbiymemy
BLIDA;KEHUI0 HYKHO 6Ile npmOaBHTH CYMMY NpOU3BEJeHHH BeJImIUH
CKAaUKOB Ha 0 (t—t), rme <, — abcnmech Towek paspmBa. Tax,
Hanpumep, ecnu ¢yEKNmA f () pasEa Hymo npm t < 0, a npu t=0
ckaikoM mocrmraer sHauenma f (0) (kak ma pme. 10), To, Bmpawas
o6o6mennmit nudpdepennuan B (9. 2) depes MPoA3BOIHYIO, MEL JONKIIEL
3aNmCcaTh
¢

1) =F(0)05 () + [ o (¢t — ) /' (5) d. (9.4)

0

[Ipumenum Teneps 8To pasmokeHUe K pemeEmio o6med TmHEEHHOH
3a/laY¥ Ha OCHOBe IPHMHNUNA HalokeHus. IIycTs mo-mpemuemy 3agaga
CBOTMTCA K PENIeHAI0 JIUHEHHOr0 ypaBHOHAS

y="Y()

O OyCTh X 3aJlaHa KaK HeKOTopasa QyEKOusA z () 1 BHpaskeHa HHTErpa-
mom (9. 2). Ilpumensia nmnefinyio onepanmo ¥ k obemm 7acTsM ypas-
HeHuA (W moJNaras, 970 MH MO)XeM OPUMEHHEThL €e B LOJ, 3HAKOM NH-
rTerpaja K QYHKIMAM f), DOIyIEM

¢
y(@)=[ ¥ ot — ) dz(x).
O6oaravas ’

h(t)="1 [% @),

MOKEeM 3anucartshb
4

y(t)= S h(t — =) da (<). (9.5)

0

9To 7 ectsr muTerpan woamens (8B dopme Crmabrbeca).

QOyrxuws bk (t) Hocur HasBanme nepexopmoid ¢ymrmmm. Oma mpen-
CTaBJAeT pemeEme 3afaum AIA z (f)=o, (f) B ABAAETCA BaKHOH ®
IZocTaTo9HOo O0Mmeld XapaKTePHCTUKOM HCCIeqyeMOR CHCTEeMbl. 3aMeHOR
nepeMeHEHHX ¥ HMHTErPUPOBAHWEM IO aCTAM MOMHO LONYIATH H3
(9. 5) HECKONbKO paBHO3HAYAMMX (OPM, OJHA M3 KOTOPHIX MOKET
oKazarscA Gomee ynoOHON ANs BHIYMCIEHEA B 3aBHCEMOCTH OT BHAA
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dynrumit b m z. Tax, HanpmMep, XJIA ciydas, KOTRa h m z mMmeior
paspuBH npm =0, MOKHO 38IHCATH

yO=20kO)+ [t —7a @d=2 @)+
0

+{r@a t—di=2O)z@)+ [F (¢ — )z (@) dr=
=h0)z(t)+ [ ¥ () z(t—)dw (9.6)

0

Bce craszannoe 0 pyHKIEAX BPEMEHHA IePEHOCHTCA 0e3 KaKkmx-i1u6o
$opManbEHX H3MEHEHHH HA QYHKIEE KOODAHHAT.

B saxaoouenme cieqyer cKasaTh HECKOJIBKO CJIOB O POJH HHTErpa-
o8 @ypoe u [lroamens Kak MHCTPYMEHTOB HCCIETOBAHUA.

C MeTommYecKo¥ TOYKH 3peEmsA 00a OTU HHTErpaja COBEPIICHHO
paBHEOOeHHH. B npurnmme o6a mATErpaja IPeACTaBIAIT HEKOTOpPHE
pasioKeHEHsa HA OECKOHEYHO MAJHE ClaraeMble, IMEIOIae NMeJbio pe-
meRme 33Ja9M HA OCHOBE NpPHHUEOA Hajoxenus. Pasinmume oGomx
MHTEIDAJIOB CBOLMTCA JIAMb K PasimIdio BEJA dJIEMEHTapHHX cliarae-
MHX: crEycomnfia B maTerpaie Oypse, equHrIHad QYHKIAA B HATEIpaie
Hmoamens. OpHaxo 5TO pasimiIme NPAKTEIECKH CYMECTBEHHO, TaK
KaKk OPHBOAUT K 3HAYMATEIBHOMY DPA3JIHYMI0 B TeXHWKE BHUHCICHHH.
B saBmcmMoctm or xapakTepa mpoGuembr nmGo omme, ambo Apyroi
HHCTPYMEHT MOKET 0Ka3aThesa 0ojiee MOAXONANMAM ¢ IHCTO HPAKTHIE-
CKOH TOYKE 3PEHHsA BEITHCIHUTENA.

'naBa 2
TEOPHSI HEYCTAHOBHBIIHXCA BOJHOBBIX ABJEHHN

§ 10. BcoomorarexpHsll ammapar

HcenenoBanme BONpPOCOB TEOPHH HEYCTAHOBHBIIEXCHA BOJHOBEIX
ABIEHNH yROOHO HPOM3BOLATH NPH IOMOIIE HEKOTOPHX COELHANBHO
OpucIocoGIeEENX AJaA 3Toil meam MeropoB m mpmemos. Cioma orHo-
CHTCA IPek[e BCero ONepalEmOHHOe MCIMCIEHHe, 4 TAKKE HEKOTOPHE
npueMEl aHAIE3a Pa3pPHBHEIX QyuKumi. Bee 310 cocraBisger BCIoMora-
TeJbHKH MaTeMaTHIeCKHH anmapaT Hallero HCCIel0BaH@S; K OIHMCA-
HEIO 3TOTO anmapaTa MH u nepexopmM. IIpm sToM He craBmTea Helxb
OoapOGHOr0O M CHCTEMATHYECKOTO0 M3IOKEeHEA B JAyXe ydeGHHKA.
Hambonpmee BrmMamme ypeneno oOmMuM COOOpasKeHmAM; [ETANH
TeOPHH ONePaNEOHHOIQ HCIUCACHAS MQAKEQ HOYePIHYTH B IMEIOMHAXCH
PYKOBOJCTBAX,
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a) Onepayuonnoe ucuucsenue. OnepanuoEHOe HCIUCHCHEE B €ro
COBPEMEHHOM BHIE OCHOBHIBAETCA HA JHHEHHOM (QYHKOEOHAIBHOM

npeo6pa3oBanME, HMEHHO HA TAK HA3KBACMOM npeobpasoBanmm
Jlannaca

@

“?‘Qﬂmwwﬂ (10.1)

I3 pesyabrare sroro npeoSpasosamia GyHKUUA f(f) BEmeCTBeHHOTO
11lePEMEHHOr0  mepexojuT B APYIy0 QYHKIMI [(P) KOMIIEKCHOro
NIepEeMEHHOT0 P).

Cesase Mencny ¢ymkunuamm f(¢) u (p), Bupamaemyio (10.1), co-
KpPamleHHO 3alUCHBAIOT TaK:

F(D) = f(t)

u HasHBaoT f(¢) opurusaiom, a f(P)—msobpaxenuem. Ha pynx-
nuio f(f) HanaraercA cymecTBeHHOe OTpDaEMYEHES: IpeNIOIaraeTc,
4ro ona pasHa myno mpa £ <0. 9to ycnoBMe MokHO sanHcaTh Tag
(oGosnauas wepes f(¢) mpomsBonbHYI0 (YHKIMIO):

FO)=F(t) o) (10. 2)

Taxum obpasom, f(t) moxer umers paspus mpu ¢ =0. B pansmeii-
meM paccMaTpEBalTCA TOAbKO ¢ymxnuu BEia (10.2).

UzoGpaxenue, 1. e, f(P), BHIIANAT, KOHOYHO, COBCEM He TaK,
Kaxk opurusan, T. e. f(¢). Muorue rpancuennentHne ysruuE £ mepe-
XONAT Nocie mnpeofpasosanud B paluoHaAbEMe ¢yurnux P. Tax,
nHanpumep, nogcrabus B (10.1) f(¢) = e, nerpymuo y6exmrbcs, 9T0
CymecTBYeT TaKoe COOTBETCTBHUE:

~al : p
e (—rp*—-————_l.a .
N3obpaxenne epmEmYnoi OyHKOuME o, (f) ecTh efmEmma, ™ T. 1.
CymecTsyioT roroBme TabnHIE ONEPANHONENX (GOPMYJ, B KOTOPHX
cBelleHbl n300pakeHMA BechbMa PasHOOGPA3HHIX OPHUTEHAIOB, B TOM
9p@cie W MHOIMX clequaidbuux ¢yuxumi. Kparkas Ta6amma taxoro
POZa KaHa B IPUIOKEHHH.

Camoe 3ameuarensHoe cBoHCTBO mnpeoGpasosamma (10. 1) —
CBOHECTBO, KOTODOE M ONpefesisieT 3HAYCHHE ONEPA[HOHHOT0 MCYHCJ]e-
HAA JJA ;cclefoBaHW# B o6nacTdm MaTeMaTHYecKo# (H3EKHE, — CO-

* Mporme aBTODH LpPEJNOYATAIT ONpELeNeHNs

f(p)= S f @) e Pdt.
0

Ecnm BHGpaTs Takoe ompefeleHHe, TO BCE NOCHELYION[EE COOTHOMEHAA IPHMYT
HECKOAbKO MHOI smy,

8



crodT B TOM, 9r0 AupdepeHmmalbHHE U HMHTErPAJbHEE ONEpalHH,
coBepmaeMsle HaJl OPUIMHAIAMHE, 3aMeHAITCA NMPOCTedmuMe aaredpa-
MYeCKEAMM OIepanmaMy (meleHMeM H YMHOXKEHWEM) Haj m300parke-
HuAMHE. A Tak Kak opeobpasoBarue (10. 1) nmmueitno (u, clegoBaTebHO,
u300paXkeHme CYMMH ecTh CyMMa W300paKeHHit), To MH MOKEeM Io-
cTpomTh m306paskenme AudPepeHIHanIbHOr0 YPABHEHHA, NPHYEM 3TO
m3obpaskeHme GyneT IpemcTaBIATH cO0OM TaKike YPABHEHHE, HO yiKe
He mmddepeHImaNIBHOE, a aarefpamuecKoe.

CocraBnerme wm3obpaskenmsa  auddepeHnuanIbHOr0  ypaBHEHHSA
NPOM3BOAMTCA OPH IIOMOIIM CJENYIOMEX ONEPAlHOHHHX (PopMy:

¢ i

[+ [roar < 5im, (10.3)
0 0

n-KPaTHHM HHTErpan
<D (D) =D O)— P (0)— ... —p[*V(0). (10.4)

B ¢opmyne (10. 4) 7 (0) mpemcraBasnT coboit 3HaueHES GyHKIEM
H ee MPOM3BONHKX R0 (n—1)-ro mopagxa npm t=0. Itm 3HaveHEA
06pa3yioT cHCTEMy TaK HA3HBAeMHX HaYAIbHHX yciosmid. Ilpm «Hyle-
BHIX» HAJaJbHHX YCIOBHAX, T. €. Korga Bce f* (0) pasmm mymo,
MH AMEeM IIPOCTO

arf .,
&< v (D). (10.5)

W3 Bcero aToro BEITeKaer CleAYIIMEA METO] PeIIEHNA QEIAKO-MAaTe-
MaTHYEeCKOH 3amadm:

1. Cocrasnserca pmdpdeperumamsnoe (mnm wmETErpo-KEdPepen-
OUAaNTbHOE) YPaBHEHME B3aJaYd C COOTBETCTBYIOIIAME HAYAJIHHBIME
YCIOBASMA.

2. Ha ocmosammm ¢opmyxn (10. 3) m (10. 4), mpmmensemerx mo-
WIEHHO K JeBOH 9acTd, W IPW HOMOIMM TaGMIMI, OIepalnmoHHHX (op-
Myl, DPEMEHFAEMEIX K IPaBOH 9acTH, CTPOMTCA m3006pakeHHe ypaB-
merma. (B aTo msobpaskeBme yske BXOmAT HavaNBHHIE YCIOBHH, TaK
9T0 OmepaNds HAXOK/eHAS HOCTOAHHKX MHTEIPHDPOBAHMA IO HAYalb-
HEIM YCIOBHAM OTHATAET.)

3. Ilomyuennoe anrebpamdeckoe ypaBHEHMe DEINAETCH OTHOCH-
TeBHO B3006paKkeHns MCKOMOM QYHKOWM; MH HomydaeM m306paskenme
peImmeHnus.

4. 3mas m300pa)KeHMe DEMIEHMA, HAXOLHM €ro OPHUTHEHAN, T. €.
OKOHYATEeJbHEIE pe3ynbTar.

[na aroit mocnenmeit omepammm 3a9aCTyI0 OCTATOYHO PACHONa-
raTh rabammnei rorosrx gopmyn. Cymecryror u obmme METOJIBl HaX0-
AIeHNA OPUIrEHANA IO M3BeCTHOMY pemermio. Hambonee ymoTpebm-
TEJIbEbA OPHeM COCTONT B IPEMEHEHMH TAK HA3HBAEMOW TEODOMH! W
dopmynsr pasnoxenma Xesmeaiina, '
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Ecnn usoGpaskenme npencraBieHo B Bje

Fl (p)
f (.p) - (p) ’
10 QopMysna Xesucai#a maeT OpErMHan B ciefyiomei dopme:
) ep?
1= O)+2[PF0(19 ]p-pk’ (10.6)
rie P, — 3T0 n KOpHeil XapaKTepMCTHYECKOIO YpaBHEHHS
Fy(p)=0.

CymecrBenHo ormermTh, 910 ¢dopmyaa (10. 6) npumesmma ne
TOJBKO JJISl PAOUOHAIBHEIX, HO K JJIA TPAHCOEHIEHTHHX (C DPOCTHME
monocamn) ¢yaknmit f(p); cymma B npasoii gactm (10.6) moxer
OKasaTeCa 0eCKOHeYHOH W /[aeT pelleHWe B BHfAe psAfa, KOTOPHI,
BOpOYeM, BO MHOIHX CIyYasix CyMMHPYeETCA.

Brumeonucagras npouenypa pemenza gudpdepeHHaNIbEOTO YPaB-
HEHUA IPH IOMOIIH ONEPAUMOHHOr 0 MCIACACHAA OTHOCHIACH K CIAYIAK)
o0uKEOBeHHEOr0 fAEpdepeHnualbEOro ypaBHEHHA (OZHODPOZHOLO MM
HEOLHOPOKHOT0). ITY METOAEKY MOKHO PAaCHpPOCTPAHUTh M Ha Ciaydal
YPaBHEHHA B 9YACTHHX HPOH3BONHEIX. B 3roM ciydae mpeobpasoBa-
ume (10. 1) cmeqyer npmMeHHETH CTOJIBKO Pas, CKOJIBKO HE3aBUCHMLIX
mepeMeHHHX B ypaBHeHmH. Mu OyfeM moiydaTh HOCIELOBATENBHO
mepBoe, BTOpoe U T. f. U306pakeEWA ypaBHeHWA. Bce aTu msobpanie-
HEA 10 (m—1)-T0 BKINYATENBHO (M — 9HCIO APTYMEHTOB) OyayT
mupdepeHumaIbHHME ypaBHeHHAMHA, (m—1)-e um3obpaxenme 6Gyper
YpaBHEHUEM B IOJHHX IPOM3BONHKX, W, HAKOHEN, m-e m300pamenne
Gyner anreGpamieckuM ypaBHEeHHmEM, BKJogalomuM B ceba Kak Ha-
9albHEE, TaK M TPAHHYHHE YCIOBHA 3a7adm (TAK/Ke B BHfie COOTBET-
crpyomux m3o0paskeHmit). [lns HAXOMOEHHA OKOHYATENbHOrO pe-
3yapTaTa HEOGXOZEMO, PasyMeercs, OPOATE Te ke m CTymeHe# mpe-
ofpasoBaEdsa B oOpaTHOM NOpAMKE.

Kpome BHmenpmBeleEENX OCHOBHHIX 3aBHCHMOCTEH B OIEpaI#OH-
HOM HCYHCIEHHM UPHMEHSETCH eme PAf NOoJe3HbIX TeopeM, KOTOphe
npHBeieHN (€3 [OKA3aTelqbCTBa.

Teopema yMHOKEHHA (APTyMeHTA)

flay =] (%). (10.7)
Teopema cMemerma
}(p+a) e
Hote) - st o). (10.8)

TeopeMa samas3jfhBaHUA
flt—r)og(t —r) <= e ] (p). (10.9)
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Teopema Bopens
¢

S h@ h®) [ =9 hE - (10. 10)
0
Teopema I'punGepra
atjoo
LTROROI=o | b= o)
a—jo

B ofeux OOoCNeAHMX TeopeMax MNojApa3yMeBaioTCA COOTBETCTBUA
h(@) =10, (D)1 (0).

Teopemnt Bopemrs m I'pmufepra B HEKOTOPOM CMEBICIE B3aUMIO
o6paTHEI: mepBasg IO3BOJAET HAHTH OPUTEHAI, COOTBETCTBYIOINMi
IPOM3BENeHMIO ABYX H300pakeHuit, a BTOpas — m300pasKeHne mpoms-
BeflleHEa AByX opmrmHanoB. Ilociegsee CyIECTBEHHO, HampmMep,
KOrjfia B 3aJaYy BXOQUT HAXOKNeHHEEe MOIIHOCTER MIH HEPIHiA.

B 3akaoueHEe OTMETHM €INe OfHO LOJIe3HOe COOTHOIEHHe: KOM-
IVIeKCHHE CTAUOHADHEE PEIeHHs NOJYJAlTCA H3 OIepPamHOHHEIX
BHpPaKEHmA, T. €. m300paskeHWA ImyTeM HPOCTOX 3aMEHH P HA jO,
u 06paTHO. ATO COOTHOMEHME BHTEKACT U3 IOJHEHIIEro CX0ACTBA MEKY
HHTErpPaNoM, BHPaKAI0MUM KOMIIEKCHELR coekTp (cM. § 8), u mpeobpa-
sopammeM Jlammaca.

IIpepcraBnenmsas ¥ OpEeMH ONEPANEOEHOTO MCYMCIEHASA IIHPOKO
HNCOONB30BAHE B HaJIbHEAINeM H3JI0}KeHU .

6) Anaaus paspusnuzr @ymryul. Hmxe omMCHBAOTCA HEKOTOPHE
OpHWEME, OKA3aBIIMECA MNPAKTHIECKH YNOOHEIMHE ¥  IIOJE3HEMH.
d10 ommcaHme He CONEP:KHT MaTeMaTwdecKoro o6ocHoBaHuA (KOTO-
PHM A W He 3aHAMAJICA). d@Tarelh, KOTOPOTO TAKOe H3IO0JKEHUE He
YIOBIETBOPHUT, MOKET OTKA3aThCA OT NPHAMEHEHWSA ITHX LIPHEMOB U
BOCIOJB30BaThCA NIOOHME ADYIEMH, KOTODhIE, BIpPOYEM, HpPHBELYT
er0 K TeM JKe pesyabTaTaM, IO BCEH BepOATHOCTH, ¢ Ooxbmeit 3aTpaToi
BPEMEHE H TPYHA.

BepreMcs ® ompepeneHHi0 eTHHAYHON QYHKIHE

0 [t<t]’ *

WE=D= 1 >,

(10.12)

Bynmem HaswBaTh 8Ty (QYHKIHWO NPUMHETHBHOA PaspHBHOE (yHKImEH
HyJIeBOro NOpPARKA. BBefeM Temeps QYHKOME OTPHOATEIBHEIX IOPAN-
KOB, OIpefeNHB WX PEKYPPEHTHHIM COOTHOIICHHEM

t

S ()= o_, (¥) d=. (10.13)

0
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Jlerko BmAeTB, UTO mpEMMTHBHAS pasphBias dyurmua  vunye
[IepBOTO HOPALKA €CTh
t

o, ()= S 0y (t) dt = 1o, (¢),
0
MUHYC BTOPOTO HOpPALKA
¢
sa(t)= | oy () 7ds = q, (1),
U TaK maiee. 0

Beepnewn, nasee, npuMUTHBHbBE PasPRIBHLIC GYHKIMUY [0I0MKATENL-

HbIX mopsaAnkoB. Onpenenennem sTUX QYHKIHE HOCAYIRUT PEKYPPOHT-
HO€e COOTHOLIeHNe

S (£) = o [3, (1)) (10. 14)

JT0 onmpenenenue PacXONUTCA ¢ OGIENPHHATLIM MOHATHeM REbdepen-
nupyemocTu pyrkumit. [IpegcraBmenme o cBoiicTBAX Pa3PBIBHBIX PYHK-
Nui DONOKUTENBHEIX MOPATKOB MOMKET GBIThH COCTABIEHO MPeeTBhHEIM
nepexofom. Ilycre nana QyHknusa ciaemywomero Buma:

0 [z <COy,
)= 10<t<al,
1 [t>al.
IIpomssonnas 3To# GYHKIEM
0 [¢<C0),
a1
=7 0<t<al,
0 [t>a]

(pme. 11).

IIpn yerpemuenun a k myno ¢yHruusa f (f) mepexogur B mpefede
B o, (f); mpemenbHRM BhIpa)keHmeM df/dt siBusercss ¢yuknuA o (Z).
CpoficTBa 9T0f QYBEKIEM MOIYT GbITH ONHCAHEL TAK: OHA PABHA HYJIO
opu Beex 3HaveHmAX t540; npm =0 ona coBepmiaeT CKaYOK [0 3HATe-
HEg IM0C¢ 6eCKOHETHOCTH; IPH ITOM, OTHAKO, UHTErpat (yHKIUUH
oy (f), B3ATHIA IO WHETEPBANY, BKIIYAIOIU(EMY TOYKY DPasphiBa, COXpa-
HsIeT KOHEeTHOE 3HAdeHHe, paBHoe efunuue. Oyuruuo o, (f) Ha3uBAIOT
WHOTAA eNUHWIEHM HMIOYJIHCOM. AHANOIMIHYI0 (YHKIHIO HAa3HBAIOT
rarkke ¢yarumer [mpaka.

IlpencraBnerme o QyHKIUE BTOPOro MOPAAKA, o, (f), MOMKHO CO-
CTaBUTH aHAJOTWIHEM o6pasoM. Jra ¢yuruua npm t=0 comepuaer
OOCHe[OBAaTENBHO [(BA CKAUKa— MEPBHM B INJHC OECKOHETHOCTS,
BTOPOM — B MHHYC O€CKOHEIHOCTb.

CroficrBa NPAMHETHBHHX paspHBHEX (YHKOEA DasimYHBIX @HO-
PANKOB MOKHO XapAaKTEPH30BaTh eme CJefylommM obpasoM: pojo-
HavalbHmIa cemedicTBa — QyHKOMA o ({) — mmeer upm (=0 paspuB
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carot Qpynkumm; yuxuusa o, ({) — paspbB NEPBOM MPOUBBOMHOML;
dyukuusa o_, (f) — paspuB n-it npoussopnoir. MDynriwa o, (f) umeer
paspeIB BHTErpaJa; QYHKIUA o, (f) — paspHB n-KPATHOI0 UHTELpPaJa.

ITpmMureBHNe pasphHBHBE (QYHKIME O00JafaIOT DPANOM OPOCTHIX
CBOMCTB, HENOCDPE/ICTBEHHO BHITEKAIOMMX W3 WX Onpepenenus. Ha-
OpHEMep,

Gu (aa:) =9, ("L)’ 100 (x)]a =Gy (1‘)

1. 1.

B paapHedimeM HaM walne Bcero OyAyT BCTPeTaThCS Pa3pHIBHLIE
dynknmm aprymesTa u mapamerpa Bupa o, (t— ). 91u GyHKUME mpe-

FET) g
6,y(t-T)

|

| -~

| I
- 7 i T t T t

___f . 5.,
~ly — 6‘1
| | Go
‘ ; T T {
Pnec, 11 Punc. 12 Pnec. 13

TepUeBawT paspHB npm f=rt. Ux Moxuo mudpdepenumponaTsr Kak
oo ¢, TaKk W OO T, IIpMYeM CIPABENJIABH (POPMYJIH

d d
Ti% (E—1) =0, (t —1), 7= On (t—1)=—0c,,(t—1). (10.15)

90 coorHomenme moscHAeTcAa rpadmroM pumc. 12, Ha KoTOpOM

o (t— 1) npencraBiena xak QyHKLHEA apryMenTa M KaKk QyHKIMA napa-
MeTpa.

IIycrs reneps Qymrnus BpeMEeHH W napaMerpa, paBHAad HYJI NIPH
t < T, mpeAcraBieHa B BHIE

F(t, =7t 7)o (t —n),

*
e f — HempepuBHas Qyuknusa. OHa, Tak cKasarh, 06pyOieHa B ToIKe
{= t MHOKHTEeM o, ({— t). Halinem npomssofunie paspuHBHO# GyHK-
IuH f, OPEMeBAA K BHIIENPHBESEHHOMY BHDAKOHHI0 OGHIYHOE mpa-
B0 fudpdepernapoBarma mpomspeneEmA. ME moayzaem

Fit, ) =Fi(t Doyt —7) +F (5 Doy (t—),
L) =T Do =)+
+ i@ Yot =)+ (5 Dot — ), (10. 16)
M (8, 5) = (2, %) 0 (¢ — %)+
+;§”~1) (BHRot—r+ ... -|-f(‘c, t) o, (t — ).
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[TpmBegeM eme pasioKeHHe B DPAN L0 DA3PHBHEIM (QYHKUHAM.
Pasnosxum cmepBa B papn Ta#iopa OKONO TOYKE f= T HOONPEPHBHYIO

dyuxrumo f
o=l + i+ S5 e 9+

YmuoxuM ofe yacT Ha oy(f — ) U NMONYYUM

Ft)=F(x Dot =)+ Fi(m ot —) +
+im Yo, t—)+ ... (10.17)

TeoMeTpHYECKHMA CMBICJ 3TOTO PA3NOKEHHA HOSACHAeTCA rpaduxaMm
puc. 13.

Tenepp 3akiMeMmca nambolee Ba)KHHEM B NPAKTHYECKOM OTHOIIE-
HuUIL BOmpocoM 06 wmHTerpuposaHum paspuBHHX ¢yuxuui. Ilyers
TpedyeTcA BHYMCIUTH WHTerpasn

b

10=§f(t, 7)o, (t — 7) d.

a

IlepeMennas uHTEerpuUpoBaHHMA T USMeHAETCA B Ipejenax or a Ho b,
HO P 9TOM HY)KHO NOMHHTS, 9T0 oy (t — t) =0 mpu <> ¢. ITosTomy

0 [—oo <t <a],

H

(7@ vdcla<t <ol

0—a
b

{7t Daep <t < ool

a

Obosnagus

[fe.0d=Fe 9+0,

MOK6eM 3anucaTh Ham pesynbTaT B TAKOM BUJE

b
ly= g f(t w0y (t —x)de=F (¢, t) [op (t — @) — o (¢ — )] —

’ —F(t, d)oy(t— @)+ F (&, D)oy (t—D),
MM COKPAIeRHO

&
Iy=[—F(t, )+ F (L, D)o (t —7)|. (10.18)

a

19* PR



Bryuenum wmHTerpan ¢ paspuBHOA PyHKUMeHl MepBOro mopsaaka
b
L=t e @—r)dr
a
UrTerpan aToT BOSBEMEM MO YaCTAM
b

Li=—{71(")de(t—7)=

b b

+ [ £t Dot — ) d=.

a a

=—F(t 7)o (t —7)

Tlocnepumit wmurerpan swuucngerca no ¢gopmyne (10.18), u mu

nonyyaem
b b

Il_—_Sf(t, T)o, (t —t)dt = —f(t, t) o, (t — )| .

a a

(10. 19)

Helicteys amamormuynauiM 006pa3oM, NONYYAM WMHTETpANH, comep-
sKamye pa3pHBHHEe (YHKIWHE BHCIINX NODPANKOB

b
L={f¢tot—vd=

=—[f'(t, t)oy t — )+ f (¢, D)o (t —)]|; (10. 20)

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

b
I”-_—.Sf(t,'c)cn(t——':)dt:
=—[fD (¢, t) oy (t — ) + f A (t, )0, (—7) + . ..
b
ot D)o, (t—D]].  (10.21)

Uz popmyan (10.19) moxkHO, Kerat, monyduTh

[f@at—0di=F@)o@), [FfE@ot—mdi=1()

T. €. IPH IOMONY pPa3pHBHOM (YHKIMH MEPBOr0 HOPANKA BCAKAA
PyHRIEA MOKeT GHITH UpelcTaBIeHA HHTErpajioM or caMoit ceGs,
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Haxonen, nam nonagoburcs GopMysna HHTErDHDOBAHEA BRIpasKe-
HHUA, CONEP}HAmero pDa3pHBHOE MHOKATENAb B ToM 60lee CIOMKHOM
clydae, KOrfla HMeeTcsi HEKOoTopas (yHKIHOHAJIbHAf# 3aBECHMOCTH
MOMEHTa paspriBa or mapamerpa t. TpefyeTcst Beramcamts muTerpas

b .
I—_:Sf(t, T)o‘?(t-—(?(‘t)]d‘t.

Muterpupyem no yacTam
b b

+{Ft Dot —2@Ne () de.

n a

I=F(t, %) [t — (3

B nocnenuem mmterpaze cpenaem 3ameny mepeMenHHX Mo dopMmynaM

o()=2z, ~=4¢().

Torza
.3 ?(b)
[F@t. Yol —o@dle@l= | FIt, $ (@0 (¢ —2)da=
a ?(a)

0

=—F[t, ¢ (t)]o[t —2(N|-
a
Takum oGpasoM, OKOHYATENBHO

b
I=§f(z, 7)oy [t — o (1)] de =

’ . b
={(—Ft, 9@+ F(t, Noplt—o@|.  (10.22)

dty Bakmylo ¢opmyny monesuo cpaBuuth ¢ dopmymnoir (10.18)
apnaomeiica gacTHrM cayzaeM (10.22) npr ¢ (7) =r.

§ 11. OpmoMepHan pa3pbIBHAs BOXHA

N3 § 9 u 10 gocraTo9no 0YeBHIHO, 9T0 Hambodee YIOOHOM daeMen-
TapHEO# POopMOI HEYCTAHOBHUBIIETOCH BOJIHOBOTO BO3MYINEHAA ABIACTCA
BONIHA, OMMUCHBaeMasa eqWHHIHON Qynruued. [ia ciydaa ofHOMEpHOH
(mampumep, NMIOCKO#) BOJHH aHAJATHEYECKOE IPEICTABICHHE HOTEH-
nHaja MOMKeT OBITH 3aUECAHO B BUMIe

p=0, (t — z/c), (11.1)

rmie t — BpeMs; & — KOOPAHHATA; ¢ — CKOPOCTh PACHEPOCTNAHEHHA.
Hama sonma Hecer paspwB morernmana ua dporre. Ilepen. gppontom,
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T. . TaM, KyAa BOJIHA elle He MPHILIA, HOTEHNHA] PaBeH HYIIO; TaM,
rae GPOHT BOJHH yKe mpoINeJ, MOTEHIHal PaBeH eMHHHLE 1

Pacnpocrpanerne Boamu (11. 1), Koropyo GymeM KpaTko Hashl-
BaTh eMHWIHOH, TPOHCXOAAT OYeHh IIPOCTO: (POHT mepeMemaercs
B HAIPABJIEHHH OCH & CO CKOPOCTHIO ¢ (pHC. 14). K stomy B cymuocTu
ewero 106aBATH, B MH mepeifieM cpa3y K PacCMOTPEHMIO OTDaKeHMA
e[HHAYHOA BOJHEL .

IIpz orpakenu: ¢ KoapdmumenToM OTPaKEHHA MIIIOC EAMHHANA OT
MecTa_ OTPasKeHHsA PACHPOCTPAHAETCS B IPOTHBONOIOKHOM HAlpaBie-
HEH TON0KETeNbHAS oTpaskennas BoxHa (pmc. 15). Ilepen ec pponTonm

—_—, =

L —3 ] —

Punc. 14 Purc. 15 Puc. 16

NoTeHN@A] PaBeH efMHMNE, N03afA PPOHTa — ABYM (TAK KAk IIOTeH-
I(MaJH TPAMOHA H OTPayKeHHOH BOJH CKIAJBIBATCA aJre6pamiecks).

Ecnz xoapdHnumenT OTPaKeHAA PaBeH MMAYC eIMHHIE, TO OTpa-
;keHHAA BOJHA HMeeT oOpaTHHI 3HAK W, clIefysa B o6paTHOM Hampa-
RIEHUH, YHWAYTOMKAeT MOTEHIHAN, CO3JaHHBA NpAMOA BOJHOH
(pme. 13).

Ecam oTpa;keHme HEIOJIHOe, TO IOTEHIHAd OTPaKeHHOH! BOJHLI
MeHbIDe N0 abComoTHO! BelMYHHe MOTEHI[EANAa MPAMOH; KpPoMe TOro,
nabmiofaeTca TpeJOMJIEHHAdA, WIA OpoxoiAmas, BoxHa (pmc. 17).
KonmuecTBeHHNE COOTHONIEHUA BHpa)KaloTcs dopmynaMa § 3.

O6parmMcst K GoJlee CIOMKHOMY CIy9al0, KOTAA OTPakeHMe Opomc-
XOAHT OT PEAKTHBHOTLO CONPOTHBIEeHHMA. [N CHHYyCOHMTAaABHOR BOJHE
3TO 03Ha49ano Obl, YTO0 KO3PPUNAEHT OTPAKEHUA ABIAETCA KOMILIEKC-
HOH BeAWYMHOM, M, CIeA0BaTeNbHO, OTPa)KeHHAdA BOJHA IIOJYyYaeT
HeKoTOpHi cABAT $asH OTHOCHTENbHO MPAMOA BOJHH. B mamewm sxe
cJlyq9ae MH MOK6M NPeJCTaBUTh KO3QQHI@eAT OTpasKeHHs HEKOTOPHIM
OIePAaNHOHHKIM BHPajKeHEEM, 3 KOTOPOT0, IIepeXoiA K OPHTHMHANY,
nafitem ¢opmy oTpamemHO# BoiEH. (QopMa BOJHE COXpaHAETCH

i Cnenye'r ¢pas3y pas3pACHATH, YTO HAJHYHE pa3phiBa He CJA6AYyeT CBsI3hIBATh C K3~
KAMA-1860 (QH3AYeCKEMA OCOGEHHOCTAMH pACCMATPABAEMON BOJHH, pPa3phIB-
HAafA BOJH3 BBOAHTCA HaMH JHIb KaK 3JIeMEHTaApPHAA li)OpMa BO3MYIIEHHA; B neﬁe
CTBATENbHON (MBMYeCKOd KapTHHE Pas3pHBOB MOKeT B He OHTH (W Jame BCerg
& me GuBger). TakuM o6pa3oM, paspHBHAA BOJHA €CTh NPOMEKYTOTIHOE, X CKO=
pee MaTeMaTHIeCKQe, UeM (H3MYECKoe, MpeAcTaBieEWe. BHGOp Taxoro mpep-
CTaBJIGHHA nOpefompeaeisaeTca MaTeMaTHYeCKHM anmapaToM, MH BHIEJIH, 4TO
eMEHAYHAA QYHKIHA HIpaeT OCHOBHYI0 POJb IPE IPEMEHSHWH BHTErpaxa [foa-
Meld, QUepanHoFHOTQ HCTHCIeHWA W aHAAW34 PAsPHBHHX QYHRIEH,
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TONBKO B ABYX CJydasdX: OPHE HOJHOM OTPAKEHHH H OPH OTPa;KeHHH
OT KOHEYHOr0 aKTHBHOTO COHNPOTHBIGHHS. Bo BCex OCTaabHEX CIy-
gasgX BOJHA HMCKa)kaeTcd.

ITycrp, HampmMep, MJIOCKas BOJAHA, PACHPOCTPAHAINASACA B Cpefe
C BOJMHOBHIM CONPOTHBIEHHEM W, BCTPETAaeTcs ¢ HONBHKHOE coBep-
IIEHHO KECTKOM CTeHKoH, obnapmaroomeisl Maccoir M Ha Kamaui# cm?
cBoeit moBepxHoctd. Koadduument oTpakennsa B onepanmonHoit dpopme
(7. e. «m3obpaskenney Koapdummenra oTpakenus) Gyxer

P o= pPM —w
¢ pM 4w

I = -
e N .

p——— J
Puc. 17 Prec. 18 Puc. 19

ITo ompepmeneHmro
P = chPl’

¢y =0, (t + z/c)
(2aga’o KOOPAMHAT mepPEHECEHO B MECTO OTpa’keHHA), a m300parKenme
OpAMOA BOJHH

HO

b zfe

?1—3p .

CrefoBaTenbHo, ®300pa)keHAE OTPa’KeHHOH BOJHH
p—w/M

ersie,

¢2=E7q-)1=p+w/ﬂ

ITo TabneEne roToBeix GOPMYa H YYATHBAAg TEOPEMY 3aUa3ALHIBAHHAA,
HAXOIMM ODHTHHAMN, T. €. OTPaKEHHYI0 BOJHY, KaK OQYHKOWIO T H !

LAY PP
<Pz=(2e i ?)_ 1)%0 + z/c)
(puc. 18).
PaccMoTpuM Jpyroil mpmyMep: OyCTh CTEHKA HEBECOMa, 1O YHpPYTra;
ee CONpOTHBIIEHME HAa eAUHEIY IOBEPXHOCTH IycTh Gyner s/p, rae s —
koadduument yupyrocrd. Torga amamorgdHO NPERBLYIIEMY

- __slp—w
ko =iIpto
, NS
%::ﬁiﬂm;a(u% ”(+°))oo<t+x/c)

P+ sjw
(pme. 19).
Mbi roBopuM O LII0CKOH 3ByKOBOE Bonme. Bce To ke orHOCHTCA

295



He TOJBKO K IJIOCKOH 3JIEKTPOMATHUTHOM BOJHE, HO M K Of{HOMEDHOM
3MeKTPHIECKOHR BoaHe, HabmonaeMoil B saexkTpuueckodl nmHmu. Pac-
CMOTPEHHEIE CIyIal OTPAKEHHAA COOTBETCTBYIOT CIEYIOMUM PeKAMAM
JHEA: XOJOCTOW XOX; KOPDOTKO€ 3aMbIKAHWE; BKIIOYEHHME B KOHIE
JOHAA OMHYECKOTO CONPOTHUBIEHUS, He PABHOTO BOJHOBOMY; BKIIOTe-
HEE B KOHIIE JIMHUK COCPEJOTOICHHOA UHIYKTEBHOCTHE B COCPENOTOYEH-
HOH eMKocTH. Bee mocienyrolnee comepranue 3Toro maparpada B onu-
HAKOBOH Mepe OTHOCHTCA K HEPEYUCISHHEIM PA3TUIHHM BHAaM BOJIH,
06BeHHSAEMEIM TE€M CYIIECTBEHHBIM IIPU3HA-
KOM, 9T0 BCE OHHM fBJAKTCA BOJHAMH ONHO-
MEpPHBIMM ¥ ONMCHBAIOTCA  BHIPAKEHUEM
(11. 1).

B npakrtuxke UnpUXOJUATCA MMETh [EJI0
c c ¢ GoJiee CIOKHBIMU ABACHASIMU OTPAKEHHAS OT
! ? 17 wueckonskux rpanui. IIpm srom HabmoganTes
MHOTOKDATHBIE OTPAYKeHHUSA; BOJHOBAA KAPTH-
7 Ha {0 YPE3BBIYAALOCTH YCIOQKHAETCA C Tede-

HueM BpemeHu. [is Toro 9To6H 06/€rduTh

paccMorpeHue XxorTsa Ob Ha49anbHOM CTa-

OWE DPasBUTUSA 9TOH KapTHHH, C YyCIEXOM
OPEMEHAETCH OPOCTOe W HATIAZHOE rPapuiIecKoe MOCTPOEHUE, KOTO-
pPOe MOIKHO HA3BATh BOJHOBOU CEeTKOH. (IT0 TIoCTpOEHHE GHIIO B CBOE
BpeMsa mnpepioskeHo DBrloam [2] muas omucanma 6aysmaoliEx Bogn
B BHCOKOBONBTHHIX NWHWAX.) MH DOSCHMM ugero u cmocol 3TOro
IOCTPOEHHAS HA LpuUMepe.

IIycrs pmBa cioA ¢ Das3HEIMH BOJHOBEIME COIPOTUBJICHHAMHU I,
Aadg OOIIHOCTH, PABHEIME CKOPOCTAMHU PACHPOCTPAHEHHS 3aKIHYCHH
MeKAY OBYMA CTEHKAaMH ¢ KOHeIHBIMu compormBiaeHuaMm (puc. 20).
Ilycte exmEmYHAs BOJHA HAYMHAET DPACHPOCTPAHATHCHA U3 CPEREl [
B cpeny 2. BerperuBmmceh ¢ rpammuei ofemx cpef, BOJAHA TACTHIHO
OTPABHTCH, YACTHIHO NPOIeT BO BTOpYIO cpeny. Ilpenomiennas soara
OTPa3UTCA OT CTEHKH, CHOBA BEPHETCA K T'DAHMLE, Ie OIATH IPOH30ii-
MeT YacTHYHOE OTPAJKeHHme, W TaK Jajee. Taxk Kak KakAHE pas mpm
HEeDOJHOM OTPAKEeHHHM Nafjalomas BOJHA IOPOXKIAET JBE HOBHIX
(oTpasKeHHYI0 M HpPENOMIEHHY), To 00Iee YHCIO0 OTHENBLHLIX BOJH
6ricTpo BoapacTaer. BymeM crpours rpadmk, OTKIANKBAA KOOPAUHATY
0 rOPH3OHTANH, a BpeMa — mo Beprukaxuw Buu3 (pue. 21). Ilycrs
eIWHAYHASA BOJHA B HAYANBHHHA MOMEHT HCXONUT M3 JIEBOH CTEHKH.
Hemxenme ¢pporTa H30GpasUICA IPAMON, HAKIOH KOTOPOH ompene-
AsAeTCA CKOPOCTBIO DACIHpOCTpaHeHmA. Bosma q0oX0fdAT [0 rpammun
H OTPaMKaeTcA ¢ KodQPUUMEHTOM OTparKeHus

—_— [, ——— IZ —~

N

wy w,

SRR

SN
RN
N\N

Puc. 20

Wy — W,

ko=
R w,twy

IlepBomavanbHas BouHA OHla eJEHEAYHASA; OHA HECJA MOTEHIHAI,
paBEHY efmEANe. SHAYAT, TOTEHIHAN OTPA’KEHHOR BOJHE paBeH kj,.
Jra BOJNHA OTMedeHA B JeBOM yacTu rpadmra. Berpewadcs co crenkoi,
BONHA Ky, OTPaKaeTCA ¢ KoappmmueHTOM oTpakeHuma k; (3aBHCAIMEM
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oT cBoOMCTB cTeHKm). Ilomyuaerca 1 I
HOBag OTPaKeHHAdg BOJHA ¢ IO-
TeHUnaixoM Kk, Boobme mpm 1 T

"'/“" —kry ki< =k
1

KaKIOM O0YepeNHOM OTpaKeHn:
[OTEHU AT OTPAKEHHOH BOJIHH
IIoJy9aeTcd MNOYTeM YMHOKeHHUA
OoTeHnuaJa najaionie BoJUbl HA
COOTBETCTBYIOMMA Koadduiument
OTPaKeHn.

Bepuemcs & mawany. Ilocae
NepBO# BCTPeYMm HAYaJdbHOH efu-
HUIHO# BOJHEIC TPAHULEH, KpoMe
OTPaMKeHHO# BONHLL ky,, 06paso-
BaJIaCh ellle IIpesoMIenHad BOJHA
ki, (k, — xoadpduument mpoxos-
menus). Boama k'y,, BcTperus-
IIMCH C OpaBO# CTEHKO#, [aer
OTP;KEHHYIO BJEBO BOJHY kyki,;
3Ta WLOCHAeTHAS OTPasKaeTCs OT
rpauums ¢ Koagduomentom otpa- Puec. 21
Hermns k,; m Tak majiee, Kax mo-

Ka3aHo Ha rpaduxe.

Bonmosas cerka ;aer moiHym mpoCTpaHCTBEHHO-BPEMEHHYIO BOJ-
HOBYI0 KapTHHY ¥ IO3BOJIAET JETKO IOJYYUTH OTBETH HA Pa3NHAIHIE
BOOPOCH, CBOJAMMECH K ABYM OCHOBHEIM: 1) 4T0o mpomcxommT ¢ Tede-
HHEEM BPEMEHH B TOYKE ¢ KOOPHMHATOH I? 2) KaKOBO pacmpefeneHme
HOTeHIMaNa B NPOCTPAHCTBE IO IPOUIECTBHM BpeMeBH <t OT Hadaja
cobeITmi?

Jlns oTBera Ha mepPBHIA BOMPOC MBI HPOBONHM BePTHKAABHYIO JH-
HHEI0 HA PAacCTOSIHMU Z OT Hadana kooppunar. Tourm nepecewenms
9TOX BEPTUKAJM C HAKIOHHBIME BOJHOBHMHE JWHUAME CPa3y IOKa3hi-
BAIOT MOMEHTHI, KOTA B IAHHYI0 TOUKY OPHXOAAT Te MK EHHE BOJHEL.
Msr mosxeM au60 DOCTPOETH IPAaQUK E3MEHeHHWA MOTeHOWala B JaHHOM
Touke, nHbO 3ammcaTh pesyisTar apanmTHYeckd. Hampmmep, BoT 4To
OymeT mPOWCXOAUTH HA JIEBOH CTEHKE:

¢ =0, (t) 4 k1o (1 4 k) 0y (¢ — 21,/c) +
Rkl (14 ko (t —4ljo) + ... =
=0, (t) + k(1 + &) E (Ferfeyg)™ 1 0 (¢ — 2mlyjc).

m=1

Ina oreera Ha BTOPOH# BOOPOC MEI FOJDKHB HPOBECTH HA CETKe
FOPU30HTAIBHYI0 JIAHHWIO, OTCTOAMYIO HA T OT HAYala. JTa JHHEA
ABJIAETCA CBOe0OPA3HOH HTOr0BOH YepTOi: 1/ NONyIeANs MOTEHNAATA
B JaHHOHA TOYKEe B JAHHHIA MOMEHT MBI JOJKHE CIIOYKUTEH BCE BOJHHI,
NeRamupe Beimie 9ToX gepTh. TOYKmM mepecedeHnms BOJHOBHIX JIHHMIA
¢ HWTOTOBOJ gepToit 0603HAYAIOT MTIHOBEHHOE IIOJIOKeHHEe (POHTOB
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COOTBETCTBYIOIIMX BOJH. B 3THX TOouKax mMeercs CKadkooGpasmoe
W3MEHeHZe [OTeHIHAa. .

Ecim oTpaenne OPOECXOANT OT PEAKTUBHBIX CONPOTHBIEHHM, TO
COOTBETCTBYIOIMAE KO09(QPHIMEHTH OTPaKeHHUs HAN0 IOHHMATHL Kak
n306pakeHHs, MepeMHO)KaeMble IO TeM jKe IPaBUIaM, KaK H Beme-
crBennnle Koadduumentr. IlonaTHo, 9T0 Onpenenenne GOpPMHL BOJHEH,
B O0COGEHHOCTH MOCIe MHOIOKDAaTHOrO OTPajKeHWsS, B 3TOM CJydae
CHIBHO YCJIOKHAETCA.

Ilo moBomy BOJMHOBOH CETKE MOYKHO eUie 3aMeTHThH, 9TO OHA IIOf-
CKa3HBaeT HEe0OGXOMEMOCTH OTKa3a OT BOJIIOBOTO ONUCAHMS SABJIEHMI
U IEePexXofa K CTaTHCTAYECKUM BO33PEHEAM [ Oollee MO3THUX CTammil
npouecca, KOrma mpPOCAefATh 3a BCEe BO3PACTAIOIIEM MHOKECTBOM HH-
OUBHAYAJIBHHX BOJXH CTAHOBHUTCA YK€ HEBO3MOKHEBIM.

§ 12. BoxmoBble sABNEHHA B KOHEYHOH cHCTEME

Hexoropsie xapakTepHHE AJdA HEYCTAHOBEBIIMXCS BONH SABJIEHHA

B KOHEYHOI cucreMe MK moscHmEM Ha mpumepe. Ilycrs qama quiuanpu-
geckad Tpy6a gamHOM [, OMWH KOHEI KOTOPOH HATJIYXO 3aKpPHT, a Ha
BTOPOM HMeeTcs MONBMKHHE mopImeHb, KoTopui npm t=0 maummaer
BABHATATBCA C HOCTOAHHOH CKOPOCTBIO, CKEMAs 3aKINICHHYI0 B IH-
nuHE{pe Ccpefy. BHACHEM, KakoBa peaKUuA CO CTOPOHH CpPENH Ha
nopmeHb. JTa PeaKI|sA, BHpakaeMas aBJeHHeM Ha HOPIIEHb, BOBCe
He 6yHer mIaBHO BO3PACTATh, KAK MOMHO OHUIO O cefe mpefCTaBHATH,
OTBJIEKafACh OT BOJHOBOI0 3aKOHA DPACIPOCTPAHEHHA BO3MYINECHHA.
Benr B mepBHi MOMEHT Bce 0GCTOMT TOYHO TaK e, KaK ecau Obl Tpy6a
Ouna Gecxomewnoit. B aToM ciaygae BHYTph TpYOH m3inydamach GOml
IJIOCKaA BOJHA, M JAaBJIeHWe HA IOPINEHb, NBIWKYMHACA ¢ NHHEAHOH
CKODOCTBIO

v =00, (£),
Omno 6K paBHO

P =uwg, (t),

T. €. [[aBleHAe, IPHHAB C CAaMOro HAYala 3HAYEHHE P, =WV,, B Hajb-
gefimeM He maMeHsI0CH Oh. Ilopmens, Tak cKasaTh, «y3HAET» 0 KOHET-
HOCTH TPYOH JHINL TOIAA, KOIAa K HeMY HPHXOJUT OTPAKEHHAA OT
KOoHIA TPYOH Boxua. B aTor MomenT, cmyers Bpema 2t=2l/c or na-
9aja ABHKEHWA NOPIIHA, faBleHAe Ha TOPIIEHbL M3MEHAETCH CKad-
KOM, a CJIelOBATeJbHO, H3MEHAETCA CKAYKOM M aKYCTHYECKOE COLpO-
TUBIEHHe, ONpefeleHHOe HAMHA KaK OTHOIIEHHE TABJEHHEA K 06HeMHOM
ckopoctd. OCROMBIIACH C TUM HPENCTABICHHEM, MH MOIIHE GH IO-
JY9ATH peNIeHMe NOCTaBJEHHOH B3a/layd IOCIEOBATEILHEIM paccy-
A<eHEeM, KOTOPOe 09eHb 0GJerdaercs MOCTPOEHHEEM BOJHOBON CETKH.
M5 spmBenieM 37eCh, OMHAKO, YACTO RHAMAMTHIECKOE PENIeHHe 3afadd,
BOCIIOIH30BABIIACH OHEPAan@OHELM MeTogoM (cM. § 10 rmasm 2).

Mu mMeeM OfHOMEpDHOE BONHOBOE yPaBHEHEE

. P L% _ o

0x2  ¢2 2 T 7

(12.1)
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{[afinem nepBoe m306pajkeHme dTOro ypaBHeHMmS

d 2 2 . ‘

O Bo—=—200,2)—%4(0, 2. (12.2)
3mecs ¢ (0, 2) m ¢ (0, 2) — HaYadbHBE YCIOBHA, T. €. 3HAYEHHUA MO-
TEHL{HAJIA K eT0 HePBON NPOU3BONHOK N0 BPEMEHH B HAYAIBHBIE MOMEHT
(npu t=0) gna aw6O# TOUKH.

Mu ue 6ymem HaxoguTh BTOpoe u3obpajkeHHwe BOJIHOBOrO ypas-
HCHEA, CTERYA MeTofuKe, uanoxenuod B § 10, Tax xak pas pemenus
Hallell MpocTo# 3ajavyd 3TO coBeplmeHHO m3AmIIEe. MH Gymem cpaay
pemiaTh 00HKHOBeHHOE Rudepennumansroe ypasseume (12. 2).

B mauwrem ciysae nagaabHee YCIOBUA, OYEBHAHO, HYJEBHE, Tak
KaK MBI IpefmnoiaraeM, 9T0 [0 Havajla fIBHKEHHA HOPIIHA HEKAKOILO
Bo3MyIeHEA B TpyGe He Omnumo. CaexoBaTenbHOo, Hame ypaBHEHHE
ABaseTCA onropoxunM. Ero obmee penienme mmeeT, KaK E3BECTHO, BHJL

$ = AeP/°* - BePlex,

rne A m B — Belm4YHMHH, OmpefeJsgeMhe Ha OCHOBAHHH PaHHIHHEIX
ycloBui.

JTH ycioBHEA 3afaHH B Hamedl zajade ciaepylommM obpasoM: Ha
roune r=0 3ajaHa CKOPOCTs V="U,5, (f), KOHel| = HATJIyX0 3ajeJaH,
YTO MOKHO BHPA3UTH paBeHCTBOM U= 0|,;.

Hailizem naBleHHe H CKOPOCTE

P=p09/0t,  p=pDP = p,P (Aer<l* + Ber=l),

~ 0
v=—12 p=— 2 =P (_gepsio 4 Berri).

Beegem rpamm4EHe yCIOBHA
2=0, v(0)=vg(t) 7(0)=v,=p/c(—A+B);
r=I1, v(l)==0, v (l) =0=—Aer!i* + Berlie,
Orcrona HaxoguM A u B

A c ePle

) B c ePlle
=bop " Tshpljc’

=Yy Zshple -

Ilnsa paBneHUA monyvaeM

p=—uy,
shp-;-

Hapnerue ma nopmens (z=0)
l
p(0)=—wv,cthp —.
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Mur onepupoBajiu mOK4 ¢ M300parKeHHAM. Hna nepexona x opu-
ruEanaM, T. e. K (GyHKIUAM BpeMeHH, BOCIHOIB3YeMCA OYeHb y100-
HEM B JAHHOM Cllydae pasioyKeHHeM [0 SKCIOHeHNMANBHHM ¢yHK-
LUAM

1+e—2p1: ~ ~ B
othpr =T (1 e (1 fe27 et )=

1 — e—2p1:

@
:'1—]—226’2"1".
b=l
Jlerko mepeiitm K OpuUrMHANTYy B BHJe pAJA 00 eJMHUYHHM
GyBRITAM

p (¢, 0) =wv, |:°0 )+ 2 kz,:l o, (t — 2k‘c)} ,

rme t=l/c — BpeMs mpobera Boauu 1o TpyGe (B omuu Komen). Kax
BEAHAM, IPH HEOPEDHBHOM [BI/KEHHH IODIIHA HRaBIEHMe HA HeTro
BO3pAcTaeT CKagKO0OpasHO, KasKAHHA pa3, KOTa K HOPIIHIO BO3BPa-
IAeTCA OTPAKEHHAST 0T KOHIA NUIAHApa BoaHa (pme. 22). Yem Kopoue
Tpy6a, TeM Mesbue TeJIalTCA CTYNeHbKH Ha IpaduKe H3MEHEHHSA faBJe-
HUA B TeM Goibioe npmOIMmKaeTCA CTymeHIAaTasdA JIOMaHas K IPAMOH,
KOTOpas HaHeceHa Ha PHUC. 22 ITPHXOM X u300pakaeT IPOLECC CRATUA
IJA cpefpl, paccMaTpHBAaeMod KaK CHCTeMa ¢ COCPETOTOIeHHEIMHI IO-
cToAEHELME (rOBOPA APYTHEMH CJIOBaMH, INTPHXOBAas mpaMas m3o6pa-
MaeT Ipolecc C:KaTuA Oe3BIHePIWOHHOM Cpefn, T. e. Cpemul ¢ Gec-
KOHEYHO GOJBIIOA CKOPOCTHI0 pPaCcHpOCTPAHEHHS).

v

4

[ PR i

Il
0 & % 6r 8t ¢ 0 2 4 6r 8

~
~

Puc. 22 Pme, 23

Ilonesno pemuts aHANOTEIHYIO 3afady, OTIMYAOILYIOCA OT Ipe-
IHAYIMed 3aJaHEEM peuMoM mopmus. Pampme MH momaranm, 9ro
HOpHIeHD TBIKETCS ¢ IPeIUUCAHHOR CKOPOCTBIO U==0,3, (t). Temeps sxe
OycTh K HOPIDHI, HE 00IafaromeMy COOCTBEHHEIM COLpOTHBIEHEHEM
(T. €. HEBecOMOMY U OBWKyMmeMycs 6e3 TPeHHS), BHE3ANHO NPUIOHEHO
DOCTOAHHOEe BHEIMHee W3OHTOYHOE [aBIeHWEe, TAK 9TO [JABJIeHHE HA
DopmeHsb (A CHAPYKH W, 0OYeBHIHO, M3HYTPH NUIWHAPA) BRIpAKaeTcHd
TaK:

P = pedy(t)-
Tpebyercss HaliTH JBWKEHHEe NOPIIHA.
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Wrsopupys BOMHOBHE sBIeHMA, MBl MOTME GH OKETATH, WTO
HopIIeHb MTHOBEHHO BIBHMHETCA B LMJIMHAD, UBMEHEB €r0 00BEM Ha-
cTOMpKO, 9YTOGH B LMIWHIDE YCTaHOBHIOCH H3BHTOYHOE HaBieHme,
paBHoe BHemEeMy. ONEaKo ABIEHEE IPOTEKAeT TOPasno 6oaee CIOMKHO.
I'papmansle yCTOBHA HAled HOBOH 3aja9M TaKOBH: Ha OOpIIHE,
1. e. mpm z=0, napaerme pasuo p (0)=p,o, (¢). Ha saxprrron komme
n@IMHADA, T. €. OpH z=I, mo-npesxkaeMy v=>0,

Mu mmeem

z=0, 2= D% (1), P=Dpy=pP (A—I—B),

=1, v=0, 5 =0=p/c (—Aer'/c + Be»iv),
Haxonqum 4 u B
A=20 e s B—_—__—-_EO_._._efL
popZChP'cL fap 20hp—c£

1 BhIpakeHue Ijasa CHKODOCTH
l—z
¢

P shp

D==-—=¢

l

chp—

CropocTh mopmHsa noayyuM, monoxus z=~0
5(0)=Pthp L
2(0)=2"thp—.

Ilpumenum ToOT 3K mpHeM pAa3NOKEHMA 0[O BJKCHOHEHIWANBHHM
PYHKIUAM

DT __ Pt . b .
thpt:zz?ﬁ_&:l +Zg(——1)ke--kp .

Tarum oGpa3oM, MCKOMadg CKOPOCTH MOPIIHA
«©
v(t, ) =1 1—]—22(—1)"%(2?—21::) :
Fom]

Ha pmc. 23 BepxHmil rpaduk m306pakaeT CKOPOCTh, 8 HIKHRAR —
mepeMemeHzme IopmaA. Ha 5ToM mochenHeM rpadmke MTPEXOBast
FOPH30HTANbHAA OPAMAS NOKa3hBaeT cpefHee CMEMEHHe MOPIUHA —
T0 caMoe, 0 KOTOPOM FOBOPHIOCH B Hadalle H KOTOPOe HOMKEO OrIo Gl
BEI3BATH MOBHINEHZe AaBIeHHA B OUIEHADe Ha p,, ecam On 3ajgaga
TPAKTOBANach CTATHYECKH.
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§ 13. IMMaposast BOXHA, TOIEIHBIK HETOUHUK

[fepexojia K pAccMOTPeHHMIO MAPOBOH BOJHLL, BaMETHM HNpexfie
BCEro, 9T0 MBI MOKeM HECKOJIBKO YOPOCTHTEH COCTaBJIEHHE BOJIHOBOrO
ypaBHEHHSA, BOCIOJB30BABIIACH TEM 06CTOATENHCTBOM, UTO Iepexop
0T ypaBHeHHH [JIA CTALMOHADHHIX CHHYCOMIAJBHEIX WPOIECCOB
K u300payKeHWsM ypaBHEHMA IJA HECTAaHOHAPHLI¥ NPONEeCcOB CoBep-
ImaeTcs IPOCTOR 3aMeHOR j ® Ha P, €CIH UMEIOTCA HYJIeBhHE HATaIbHEE
yCIoBHSA.

CrenaB TAKY® 3aMeHy B ypaBHeHHH (2. ) rJiaBbl 1, nwonyaum nso-
Gpaskennme ypaBHenus cepudecKod BOJIHB!

o2 =0 (13.1)
HA", BBEIA MEPeMEHHYI0 &r
L) 4 Por =0, (13.2)
OTKYJa [JISl PACXOfsmeHcs M3 LEHTPA BOJHH
g=2 eorie, (13.3)

[ocrosmuas A ompenensiercs csoiictBamu mcTosHnka. Ilosropas pac-
cysmeEusa § 5 raaBe 1, MBI MONMYyIUM QOPMyYJIy, COBEPIIEHHO AHAJO-
rmurylo Qgopmyrae (5. 6)

§ =L e, (13.4)

nr
3necs, oaHako, @, npejcrasiser coboii uzobpareine 00'BeMHON CRO-
POCTH MCTOYHHUKA.
Pacemorpum mpocredmui  ciaywai

u, =39 (t), @,=1.

910 osmagaer, uro npm ¢=0 MCTOYHUK HAYWHAET NEACTBOBATH; Aeil-
CTBHEE er'0 COCTOHT B TOM, 9TO M3 HEr0 HCTEKAeT ! cpefa ¢ MOCTOSHHOMR
06BeMHOM CKOPOCTBIO, PaBHOM (B UPHHATOM CHCTEME eJWHHEL) ONHOMY
Ky6maeckoMy caHTEMETDPY B ceKyHAy. [loTennman, co3 aBaeMbldl TaKUM
UCTOYHAKOM, Kak (YHKIUA BPEMEHW U KOOPAUHATHI, BEIPAKAETCA
dopmynoi

p=rmau(t —1). (13.5)

Touka r=0, B KOTOpOH HaXORUTCA HCTOIHHK, ABJIALTCA O0COBOM:
DOTeHUHAJ HPUHUMAET B 3TOH TOYKe GECKOHEYHOe 3HAYeHmE. JTO He
HNpEBOAUT OGBIYHO K 3aTPYAHEHHAM IPH BHYMCICHEAX, TaK KaK IIA

1 TepMuH «HCTOYHAK» LOJYy4YaeT 3[eCh COBEPIIEHHO HOMOCPOACTBOHHHIH H ove-
BHAHHA CMBICH.
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6eCKOHEeTHO MaJBX HCTOYHHKOB H 06beMHas CKOPOCTH GECKOHETHO
Majna. VIaMemeHme MOTeHu@aNa B OPOCTPAHCTBE U BO BPEMEHH [JA
PacCMOTPEHHOI0 CIydass mpeficTaBieHo rpadmdecKky Ha pHc. 24 m 25,

s \
\
\r. 1
S 1
4 -
\ r
\ \
] \
\\
\‘_’__ ; [{\\ ““““ !
Puc. 24 Puc. 25 Puc. 26

Bripakenme s noreHImana TOYEYHOro MCTOYHHKA H IpEACTaBie-
Hue 06 M3nyd4aeMOH UM IIApOBO# BOJIHE HIPAIOT B JajbHEMINEM 0YeHb
GonpmyIo poONb, TAK KAaK, OCHOBHBAACH HA NPHANAINE HAJOKEHHA,
MOKHO BCAKME HMCTOYHWK KOHEYHBIX pasMepOB IPECTABHTH KaK COBO-
KYOHOCTb TOYeYHHX HCTOYHUKOB.

§ 14. Ipocreiimue rpynnopsie aHTEHHBI

PaccMoTpmM cBoficTBA IpyNI, HAYAHAA C CAMHX HPOCTHX JAHCKDET-
gux. Ilycrp, Hampumep, TaHH JBa OXMHAKOBHX TOYEUHHX HCTOYHHKA
¢ HaOpAKEeHHOCTBI0 W,0,(f) Ha HEKOTOPOM pAacCTOAHMII b Ipyr or
npyra. lloremmman, cospgaBaeMBI TaKOE TIpynmod Ha pacCTOSHAR
r> b, Gyner

p=01+ p=gt 5ot — )+ oo(t — L—Zsind)]

(pme. 26). CopepmieEHHO ACHO, 9TO 3aI03JaEME BTOPOH CTYNEHBKH
3aBMCHT OT HAIPABJEHWA HA TOUKY HabmogeHms, m uro mpm v=0
o6e CTYHeHBKH CIMBAKTCA, TAK KaK BO3MYIeHZAe IPUXOJHT B TOUKY
pabaronerds or 060X HCTOYHEKOB OfHOBpeMeHHO. IJo aToMy moBomy
cleyeT OTMETHTh, 4TO B ciaydIae paGoTH IOA00HOME ke IPYOIH u3
IBYX TOYeYHBIX HCTOYHMKOB B CHHYCOHJANHHOM DE:REME MH AeIalH
HexoTophie BHEKIagkm (cM. § 4). B mammoMm ke caydae Bce COOTHOIIE-
HUA HACTOJBKO TPOCTH, YTO NPHEMEHeHHe KAKEX-TH00 BHYMCIeHHi
Iis TOXydeHHs aGCONIOTHO OYeBHIHOTO Pe3ynbTaTa HOPENCTaBIAETCH
COBEPIIEHHO HEYMECTHHIM.

Tak ke Jerko coo6pasuTh, 9T0 PAA TOIEYHHX HCTOYHHKOB, pac-
TONOKeHHHX HAa PABHEIX PACCTOAHEAX BIOMB IPAMOH (TpAMONHHEH-
Hafg JUCKpeTHAas rpymma), XacT HoTeHNZAI, rpadur KoTOpOrO, KaK
¢yHKIEA BpeMeHHE, NPEICTABATCA JNECEHKOH CO CTONBKEMU OJHHAKO-
BHME CTYIeHbKaM:, CKOJBKO MCTOYHHKOB B IpyIme.

Haxomew, B mambonee of6meM cilyJae NHCKPETHOH IPYLIH, CO-
croamel @3 mo00ro YacIa HCTOIHEKOB pasimIHO# HANPAKEHHOCTH,
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PACIIONO/KEHHKX KAK YLOHO B IIPOCTPALICTBE, MBI IOJNYIAM rpadmx
U3MeHeHHIA IOTEHIMAaJa B TOYKe HAGIIONEHUA TAKKe B BHOJE JIOCEHKH,
HO BHICOTA CTyImeHEK OyMeT OIpeeNATbCA HANPAKEeHHOCTAME HCTOY-
HEKOB U, CJIefoBaTeNbHO, Oyner HeONWHAKOBA, a 3aIa3ibIBAHME CTY-
meHeKk OymeT ONpefelsThCA COOTBETCTBEHHEIMH DPa3HOCTAMH XOJOB.
Cnyuait, KOrja HCTOYHMKM BCTYNAKT B JedCTBHE HEOJHOBPEMEHHO,
TaKyKe He COCTABJAeT HEKAKAX 3aTPYNHEHHH.

Ha sTom BOmpOC O HHWCKDPETHHX IPYNIax MOMKHO HOKA CYHTATh
mcuepmaHHbM. Ham eme HeoTHOKPATHO HpENCTOMT OTMEIaTh Hmopa-
AKAIOMYI MPOCTOTY DAKA BHBONOB, OTHOCAIMUXCA K HEYCTAHOBHB-
IIAMCS BOJHOBEIM PEKEMAaM.

Pune. 27 Puc. 28

O6paTtmMcA Temephb K HEOPEPHIBHHM DPacOpefe]eHHHM IPYIImaM.
I[IpocTedmmM IpeNCTaBATENeM 9TOT0 POfa IPYII ABIAETCA HEPepHIB-
Hasg OJHOPOXHAS HpAMonmHe#nasa rpynma. IlpexcraBmenme o Taxoi
rpynme MOMKHO COCTAaBHTH cefe IpeenbHEIM MePexogoM OT NUCKpeT-
HOW mpaAMonmEeRHOH rpymmel. IIycTs Ymelo OTHENBHBIX MCTOYHEKOB,
PACIONIOKEHHBIX BJONb OTPe3ka NpAMoOH, yBeamampaerca Gecmpe-
HeIBHO, MOKA OHE He IIOKPOIT HeNpepHBHO Bech oTpesok. IIpu aTom,
KOHEYHO, TONpa3yMeBaeTcd, 9TO CyMMapHas HANPSIKEHHOCTH HCTOU-
HEKOB ocTaeTcsa KoHedHoll. I'paduk morennmana 6ymer opefcTaBIATHCA
JeCeHKOH, CTYIEeHBKH KOTOPOH O6YAYyT CTAHOBUTBHCA BCe Melbue,
moxka B Ipefielie lleCEHKAa He MPEeBPATHTCA B HAKIOHHYK LPAMYI.
XOoTA ® BTOT Pe3YAbTAT HOCTATOYHO OYEBUAEH, HO MH BCE jKe IOJYIAM
ero aHAINTHYECKH; HAM IIOpa NPHEBECTH B JeHCTBME HAWI ammapar,
Tak KAK HAM MPENCTOMT pAcCMOTpPeHme 0ojee CIIOMKHEX CIydaes.

Jama HempepHBHAasA NpAMONMHeHHas TIpynna AAuHON [ ¢ Hanmpsa-
YKEHHOCTBIO U, HA ©JUHUNY [JIMHEI, TaK YTO OGUIaA HANPAKEHHOCTD
rpymust u=1u,l. Kaxneiit anemenT dz, koTopuil MH GygeM paccMa-
TpUBAaTh KaK TOYEUHHHN MCTOUHHK, 00/ajaeT HampsmKeHHOCTHIO du =
—u,dz m cosgaer B ToYke Habalomemus moremuman de. Cocrasu
BHpaskeHue ANA d¢, HYKHO NPOMHTETrPHPOBATH €To IO [; MH IOny-
ggM, TaKEM O00pasoM, IOTeHOWalk, HABONUMHI Bceft rpynmoit. Iro
BHUMCJICHUE MH BHIOIHAM NBYMA cuocodamu. Ilepsuiit cocTomt B TOM,
yTo MH Toansyemcs dopmynoit (13.4) nna msobpamerus noTenumana
To9eyHOro WcrToyHuka ¥ numem (puc. 27)
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dii -pﬂ 74 s p'rsin“r
5 au ¢ gy P TP
dp=z—e =pge ‘e dz,
Z ! L sin®
7 o 2 - uy ¢ -p—o-sn
== = eg~Pric S e pz/csin\‘}d — 2L p-pr/c .
® = T=1m € p sin t € !

0

i, NMepexojid K OpHTHHANY, No.l1ydyaem

= rml‘;‘m[t °o(t')—(t’———sm S)GO(t’—-—sm &)}

rae
t'=t—rfc

(puc. 28). VYcraHoBMBmeecs 3HaYenue noTeHuMana Ans nwoboro §
paBHO

o = ufbnr.

Ilo BTOpOoMy cmoco0y MH npefcTaBUM IOTEHLMAll, HABOAUMHH Bile-
MEHTOM TCpPYNNH, cpa3y B BHAe paspHBHOH (YHKIMH BpPeMEHH Ha
ocHOBaHUM dopMyun (9.1)

oo<t —-E-—% sin 1‘}/),

~

in —
sin 5 8in 8

l
= ml S o, (¢ _-c)d1—_i_ oy (' —7)
0

4xrl sin &

= U I r—Lsin 8o, (¢ —Lsi )
=i sm%[t oy (t) — (t - sin 8)co<t —sind ).

B paccMoTpeHHOM IPOCTOM ClIydae IPeMMyIiecTBa BTOPOro cuocoba
emme He OYEBMHEI; OOHAKO AJIA 6ojee CIOMKHHX AHTEHH _ympomesue
BHIYACACHHH OYeHb 3HAUYMTEJBHO, M MHl OygeM B RanbHeHIeM HOJb-
30BaThCA NPEMMYINECTBEHHO MHTETPEPOBAHMEM Da3PHIBHEIX QYHKIMI.

(=3

§ 15. IlpuBenenne anTeHHB Gomee o6mero BEAA
K OpAMOIAHeHOoH

PaccMoTpuM IpesKie BCero HEOTHOPORHYH HENPEPHBHYIO IpPAMO-
amEeiiEyo rpymoy. OHa XapaKTepH3yercs TeM, YTO HANPAKeHHOCTH
OTHEIBHEIX SIEMEHTOB HEONHHAKOBA M 3aBHCHT OT KOODIHHAT dJe-
MEHTOB; APYIWME CIOBAMH, HAIPS KEHHOCTb PAcUpefeleHa MO NIEHe

aHTeHHEl HEPaBHOMEPHO.

20 A. A. Xapresud, T. 1 305



Hanpsa:eHHOCTh 3J16MEHTa MOeT OBITH BHIPA/REHA KAk
du =u(z)dx,
roe u (z) — QYHKiUA, BHPaKAOMAas 3aKOH PacHpe]ej]eHna Harps-

sxeHHocTH. 1A OAHOPOXHON IPYNNEL 9TO €CTh NOCTOSHHASA BENUIMHA,
KOTOpYI0 MH paHblre 0603HaTaNm Tepes u,. Temeps Mbi mMeeM

dep—_—fﬁ-dﬁ co(z/—- —Zf- sin 3);

4mr

@:%Slu(x)oo(t’—%sinﬁ)dx=
0

_.1[__
~ &mr

rae U — Qyuxuus, onpefeinseMas COOTHOLIGHUEM

!

U(sg)+ U(x)]oo(z/_-}sina)), (15.1)

0

Su(x)dx:U(x)—I—c.

M=ul BummM, TakmM o6pas3oM, 9TO IPOM3BOLHAA LOTEHIEAJa IO Bpe-
MeHH BOCIPOM3BOAHET B H3BECTHOM MacmTabe (YHKUEIO pacmpefe-
NeHAA.

CaMH# 06mE#t BME TpyOmoBOR AHTEHHH MOKET OBITH IpHUBefell
K HeO[HOPOXHOR npsAMonnneinoi. [l Takoro OpABEIeHNSA Z0CTATOTHO
[IePeHEeCTH SJIEMEHTH JAHHOH aHTEHHH HA COOTBETCTBYHOINuM 06pazom
BHOpaHHYI0 NPAMYIO H ONpeNe]IuTh M3 YECTO FeOMeTPHISCKAX Coobpa-
KeHEH GYHKIZIO pacupefeleRHd AJIA IOJNYydaeMOi SKBHBAJEHTHOM
OPAMOJIZEHEHHOR TI'PYIIHL

IlosicemM 3Ty MEICAP Ha OpEMepe ILIOCKOH JIHHERHO# IPYNIH.
Ilycrs anTerHa nIpefAcTaBiIsgeT cob6oi TpOU3BONBHEIA MIOCKAR KOBTYD [,
BIOAb KOTOPOr0 HANPS:KEHHOCTh pacHpefedeHa mo 3akoHy u (I).
Hanpasierre ga TOIKY Habmogerns o6o3HaveHo BeKkTOpoM r (pmc. 29).
IIposeneM och £ B IIOCKOCTE [ IO HAIPaBJIeHHI0 OPOSKIHAR I' HA IIOC-
kocTh KoATypa [. Hasxamid anement dl paccMaTpHBaeTCA KaK JJIEMEH-
TapHBE TOYeUHHE MCTOYHEK ¢ HampsxerHOCTHIO du=u (I) dl. Ho oge-
BHIHO, 4TO HeHdCTBHE 3TOr0 HCTOYHEKA B TOYKe HAGMIONEHUS HE U3Me-
HATCA OT MEePEeMeMeHus HCTOYHHKA BAOJH NPAMOM, NEePUEHNHKYIAD-
HOH ocH z (OpH YCIOBHHE, YTO 9TO mepeMeN[eH7e MaJi0 IO CPaBHEHUIO
¢ ). MBI MOKeM, CIEf0BATEIbHO, IEPEHECTH BCE 3JIEMEHTH KOHTYpa !
HAa 0Chb Z W HOCTPOMTH TaKEM 00pPa3oM PKBUBAJIEHTHYI NPAMOJIMHEH-
mylo rpynuy. HaxgoMmy anementy dl Ha xouType 6YHET COOTBETCTBO-
BaTh sJeMeHT dr HA mpAMOA. OYeBHNHO, 9TO HANPAMKEHHOCTH SKBH-
BAJEHTHOr0 ¥ MeHCTBHTENBHOr0 MCTOYHMKOB NOKHH OHTEL PaBHSH,
T. €.

u()dl-=u(z)dz,



bTkyna . onpepeasterca QyHKIEA pacnpefefeHER IJs JKBHBaJeHT-
Ho# NMPAMONHHEAHOA rpynns!

u(z)=u(l)dl/dz. (15.2)

[IpuBenensoe paccysKHeHme OTHOCHTCA K IPHUBENEHUI0 JUHEHHOHK
rpynnsi. CxopueiM 06pa3oM 0CYIIeCTBIAETCA IPUBEJEHUE IIOBEPXHOCT-
AKX 7 06beMunx rpynn. HaopsamenHnocru sieMeHTapHBX ECTOIHHKOB
GyayT Beipa)kathes coorBetcTBeHHO Kak u (S) dS uu (V) dV, rge S —
nosepxuocrs; V — obneM.

PanBepem HECKOJNIBKO YACTHBIX C.Iyudaeh.

Puc. 29 Puc. 30 Puc. 3

a) Koavyesas odnopodnas epynna. Ilycts HAUpSAKEHHOCTH PaBHO-
MEpHO paclpefielieHa IO OKPY/KHOCTH DajEyca @& ¥ BHIPAXKAETCA KaK
u;0, (f) ma eNUHMIYy RAMHBL OKDYKHOCTH, T. €.

u;, = u,/2wa,

rje u,— oflas HanpsKeEHOCTs rpynns. Jlerko Bmpgers, 4ro
a1 1

dz” sina 2zja — (zja)?

1, clledoBaTeJbHO,

2a

U ——, U (z) = 2u,a arcsin (zfa—1) (15.3)
V2az — z2

u(z)=

u, Hakomel, no gopmyne (15.1)
=g {L avosin (t/5,— 1) [ (¢) — % (' — 2] +

4rr | 7
Fylalt) Fa =2}, (15.4)
rune

a .
= sin 8.
c
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6) Kpyeosas odnopodnas zpynna. B aToM ciaydae HANPAKEHHOCTD
paBHOMEDHO pacupefeiieHa IO IIOLIAJAM KPyra paaumyca a. Ha enu-
HENY OJIOMAAY LPUXONMUTCA HANPSKEHHOCTH

__ Yo
Us=gaz+

Mpbi mveeM 11 QYHKIWE paclpefiejleHHsA DKBUBAJIEHTHOM NpPAMONM-
HEHHOX TIpPYIILI

u (z) = usdS/dz.
dnement miomanu (puc. 30) BEparkaeTcA Kak

dS = 2a sin a dz,
OTRYAA

u (z) =usd S/dz = 2us\/2az — 2%,
U (z) = 2us X V2azx — z?dz =
=us|(z — a) V2az — 2% 4 a*arcsin (z/a — 1] (15.5)

N NMOTeHI Hajl
o= (1)) 25 =) + aresin (1))
X [0 (t) — o (¢ — 2]+ [ () F o0 (¢! — 2501} (15.6)

8) Illaposas nosepxrocmuas 00HOpodHas epynna. IlpencraBum
cebe maaydateab B dopme cPepumIeCKOil MOBEPXHOCTH C PaBHOMEDHO
pacmpeneieHHod IO Hell HANPAKEHHOCTHI0. OJJEeMEHT II0BePXHOCTH
(puc. 31) Gymer pasen

dS::Zﬂhdl::ZﬂadL
TaK 49TO
dSjdz = 2ra

¥ 9KBHBAJIEHTHAS NPAMOIGHEAHAA TpyOma OKAasKBAETCHA OLHOPOXHOR
31ech HY/KHO HALIOMHHTb, 9TO ME CYMMHADYeM NefcTBHE HCTOIHUKOB,
PACHOJIOKEHHNX Ha BceH IOBEpPXHOCTH Iapa, B TOM YHC/IE X HA MOJY-
mapuy|, IpPOTABOJEMKAMEM Toduxe Habmogenma. [pyramm ciaoBaMmi,
mpeamoJaraercsa, 49ro cpepHIecKas HOBEPXHOCTH, 3aHATAA HCTOYHH-
KaMHd, COBepIIEHHO HpO3padHa [Jds BOJHE. ITO, KOHYEHO, a6CTpakT-
HH# caydaif; OH OpHBefeH 3[ech JAWIb PAgd OPOCTOTH HOJNYYAEMBIX
COOTHOIIEHHH.
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Puc. 32

Hexoropsie pesyabTaThl, OTHOCAIMECS K CPYNIOBHIM AaHTEHHAM,
IpeJCTaBIeHE HAa CBOTHOM rpadure puc. 32.

§ 16. BamkHee mone rpynmnoBhIX aHTEHH

IBa fipemeimymux mnaparpada OB IOCBAMEHH MCCJIEOBAHUIO
IOJIA, CO3/[aBAeMOro AHTEHHOHW HA PacCTOSHUHU, 0OJBIIEM II0 CpPaBHE-
Huio ¢ ee pasmepom. CoOTHONIEHHA TPU DTOM YIPOMAIOTCA 3a CUET
TOTO, YTO HAMPABJIEHUS HA TOUKY HaOM0OeHHs OT JI0060r0 BIeMeHTa
AHTEHHB CYMTAIOTCA IMApPaIeIbHEIMA.

Temepp MbI paccmoTpuM Oojiee 00IMUil caydail, KOTIA PaCCTOSHUE
00 TOYKH HAONIOfEeHHA M pa3Mep AaHTEHHH COW3MEPHMHL W KOTHA,
CIIeIOBATEIbHO, BHIIEYKA3aHHOE TEOMETPUIECKOE YIIPOINeHue OTIa-
naer. EcrecrBeHHO, BHIKIAAKH U PE3YJIbTaThl yClaoxusawTca. lloae,
c03/1aBaeMOe aHTEHHOM HA PACCTOSHUAX, CPABHUMEIX C €€ PasMepoM,
Ha3LIBAIOT OOHYHO OJMKHEM IIOJIEM.

Hagnem ¢ mpocreiimie#i rpynmbl u3 ABYX OJUHAKOBHX TOYEIHHIX
HCTOYHUKOB, HAXOAMUXCA HA paccTosiumu b Apyr oT Apyra (puc. 33).
Paccroanus or rouxku mabmionenus A A0 ucrognukoB I m £ paBHHI,
COOTBETCTBEHHO, Iy U I'y. MBI MOMKHEL HE TOJBKO Y9ECTh Pasiaudme
BeINYMH IOTEHINAI0B 000MX HMCTOYHMKOB, 00YCIOBIEHHOE HEOoJIHA-
KOBOCTBIO PACCTOAHMEA MX [0 TOYKH HAONONEHUs, HO W BHIPA3UTH
3amas[EBaHKe 4Yepes pasHocTh xofa. Takum oGpasom,

‘P:‘Pl‘}"?z:zuﬁ);’:r-i‘co(t_‘%)‘l‘%%( “%‘)]- (16. 1)

Ocraercd BHIpasuTh r; W I, 9epe3 KOODAUHATH TOYKM HAGIIONEHUA.
Buifpas moasapusie KoopguHatel r u ¢ (pme. 33), Haxomum

r,=\r2+4b%4 - brsind, ry=\r2+b%4 —brsind. (16.2)
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Ot atmx Gosee oOIuL COOTHOIUGHUE HETPYAHO BEPHYTLCA K YaCTIOMY
caygaio r> b (§ 14). CocraBmM BHpa)KeHMe JJIA DPasHOCTH XOfa
npu r/b — co.

r,— ry=\r2 + bk + brsin & —\r? + b*/4—br sin § =
~r[(l+bsin §/r)» — (1 — bsin 8/r)"] ~ b sin 9.

IIpesxne uem mepeiitm K Golee CIOKHHM HpUMepaM, IPOJeIaem
0[HO BCIOMOTATeNLHOE BHYHECIEHHE: HAiJeM Ioje, CO3JaBaeMoe Ie-
OTpPaHMIEHHOH H3TYJAlOIEH NIOCKOCTHIO. HaMm ye HB3BECTHO, 9TO
3T0 TIOJTe MPefCTABIAET CO6OH OOHIHYIO MIOCKYIO BONHY. Ilycrn rToura

A

Puc. 33 Pmc. 384

rabmofeHra A HAXONHTCA HA PACCTOAHEA Z OT HMBJAYyJalIMed mio-
CKOCTH. JJIeMeHTapHO® Bo3MYIIeHHe B Touke A Gymer

_ udS r)
dp = onr c"(t T

(Mp DosiaraeM, 9TO IJIOCKOCTH H3IydYaeT B IOJYOPOCTPAHCTBO).
IToTennman, HaBOEMEIA B TOUYKe A, DOJYIEM B BHIE

AT o)

BuiGepem anement mroman® B dopMe xoasma (pme. 34)|

dS = 2nydy.
Tar kax
rr=y2+2% ydy=rdr; dS/2rr=dr,
CIeM0BATEIBHO,
(o]

¢ =us Sco (t — r/c)dr =ugco_, (t—z/c) = usc (t—z/c) o, (t—z/c). (16.3)

x
IloTennuanm paBHOMePHO BO3pacTaeT; HENPEPHBHO CIEIYIOIIEE
JIPYT 32 IpYroM oT Bce Gollee JANeKEX KOlel iIeMeHTapHhe BO3MYIIe-
HHUA PaBHH, TAK KAK YBeIHYEHH® PACCTOAHHA MO0 KOJNbOA KOMIEHCH-

310



pyerca yBeamdeHHEeM ero miomand. Ecam Hac HETEpeCyeT He IOTeH-
maj, a SABIEHHe, TO, HCHOAb3YA Y:Ke H3BECTHOe HaM COOTHOIIEHHE,
moJaydaem

p = p,09/0¢ = usws, (t — z/c). (16. %)

JT0 BHpa)kemme U IpefcTaBafgeT coboil eJUHEIHYIO Da3PHBHYIO
ILTIOCKYIO BOJIHY NABJIEHHA.

Temeps pPacCMOTPHEM HECKOJBKO (o:1ee CIOKHBIA HPAMEp: BEIYUC-
21EM GIEiKHee 1016 KpYToBoijanTerHu. {11 DOHAMAHUA COOTHOIIEHHUIH,
KOTOphle HAM IPEACTOHNT INOJYIHTh, HYIKHO 3aMETHTh, 4TO CJayYaii,
KOIJla MPOEKIMA TOYKYM HAOMIONEHMs OKa3hHBAETCHA B Hpegesax M1y-

Puc. 35 Puc. 36

gapmero xpyra (puc. 35), CYIIECTBEHHO OTJIHYAETCA OT Ciaydas,
Korga sTa MpOeKiEs JeKuT BHe Kpyra (puc. 36). Iemo B ToM, dTo
B mepBoM caydae (pmc. 35) B HadaabHOX (ase ABIEHHA B TOU-
Ky A NOpHEXOOAT BOBMYIIEHHA OT MOJHOTO KOJBLA, H TaK ob6CTOHT
melio MO TeX HOp, NOKa KOJBI0 HE KOCHETCH MPAHMIE H3IYIaI0oMero
kpyra. Jlo aroro MomenTa Bce OGymeT NPOHCXOTETH COBEPIIEHHO
TaK jXKe, KAK H B TOJABKO 9TO PACCMOTPEHHOM CIydJae HeOrpaHWIeHHOH
IIOCKOCTH: NOTeHNHAN GymeT paBHOMepHO HapacraTh. B manbmeiimmem
B Touky A OyAyT DPEXOAMTH BO3MYMEHHA OT YCEYEHHOIO KOJbIA,
[O0Ka, HaKOHEI, KOJBIO HE BHAAET HOJHOCTHIO 3a IPeNesH H3JIyJar-
mero xpyra. Ilocle 9Toro HajibHefilmee HapacTaHMe NOTEHIHAANA
npexparmrea. Uro e kacaerca Broporo ciydas (pme. 36), To spech
HOTeHIEAJ GyIer cO3XaBaThCA yCedeHHHIM KOABIOM C CaMOro Hadaia.

Eme oo 3aMeYanme: MH 6yJeM BRIYECIATH HE IOTEHNHAN, a NaB-
enme B Touxe Habmomenmsa. Hasamocs Ok, 5T0 06e3pasImdHO, TaK KAk
[OTEHIOZAN X HaBJCHHEe CBABAHE Me[y co6oi oYeHh MPOCTOH 3aBH-
CHMOCTBIO; MOKHO HaiTH CIepBa IIOTEHUHAN, a NOTOM MaBJIeHHe
P = py0p/0t. Ho mes1o 3aKI07aeTCA B TOM, 9TO, BHIIHCIIAA HENOCPEACTBe-
HO HABJEHHe, MH MOKEM 3aJacTyi0 CHJIbHO YIPOCTHTb BHIKIANKH,
HCIONB3YA 3aMedaTeNbHOe CBOHCTBO OyEKmmm o(f). IrO cBo?cTBo
COCTOMT B TOM, UTO OPH BHYACICHEM WHTEIPajNoOB OT BRPAKEHHH, CO-
Jeprxamux B KagecTBE COMHOMKETeNs YEKNmO o), He Tpebyercs Ha-
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XOK[EHAA 1epBO0GpasHEX QYHKIWA (T. e. HEONpENEeNEHHHX WiTe-
rpajioB); TAKOI'0 POJa MHTETPAsl BHIMCIAITCA MO0 Gopmyie

b b

[ 9ot —m)de=—F(t, D)oy (t—7)

a a
(eMm. dopmyny (10. 19)).

Mn moNB30BaNHCh X0 CHX HOP BHIPAKEHMEM KA 3JIeMeHTapHOTro
ciiaraeMoro IOTeEnmaaa

du [/ r
= -— G, —_—
de 4mr O(t c>’
Tenepb e 6yneM HNCXOOHTh N3 3JIEMEHTAPHOI'0 ClaraeMoro JaBIe€HUA

du
dp = py 33 (do) =82 o (t — L) (16.5)
(MBI BCce BpeMs IpefmoJaraeM, 9T0 CKOPOCTH M3MEHAETCA II0 3aKOHY
e[UHMIHON QYHKIEmM, T. €. 9T0 du €CTh BeJUIMHA, HE 3aBUCAIIAA
OT BpEMEHH).

B cmny cBA3W MEKIY ¢ ¥ p MOMKHO eme CKasaTh, IT0 Halitu p (f)
IpH CKOPOCTH, M3MEHS0IMecsa oo 3aK0HY o, (), — BTO To Ke caMoe,
9ro HalTW ¢ () OpE CKOpOCTH, M3MEHAWMEHcH KakK o (£). ATy e
MHICIb MOKHO BEHIDA3HTh elle MHOTMMM CHOCO0aMm; HAIpUMep, MOKHO
HPOCTO HAIIOMHHUTH, 9TO IPOU3BOJHAA CYMMBI €CTh CyMMa LpOH3BOL-
HHIX CIaraeMHIX.

IlepefineM K BHUYMCIEHWIO, HAYaB €O caydaa puc. 36. daemeHT
OJOMAAE eCTh ycedeHHOe KOJIBI0

ds = 2Bydy.

IlaBaenme, cosmaBaeMoe 3THM 3IEMEHTOM,

as r
dp= Pos 37— 01 (t — 7).
Hanee,

rt=r?-4y? rdr =ydy, as _ 1 Bdr.

2rrT w

Ham mysxB0 BhipasuTs 3 dynknmeir r. 13 reoMerpugeckux cooTHOMIe-
HEi puc. 36 maxommm

Y2+ d? — 2yd cos B = a2,
d=Rsin®, r,=Rcosd;
ACKANYAA Y, d B ry, HAXOZAM

r2 — a2 — R2 cos 2%
2R sin 9Vr2 —R2cog2d

B=arccos

(16. 6)
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Temeps onpejiestuM mpejeb- 2/,

1nble 3Ha9eHHusA PACCTOAHMEEA Iy U Ty. T —
W3 reomerpudeckux cooTHoOue- £[
HUH [oJy49aeM | \
ANGNIEG

ri=va*+ R*—2aRsind, r,= [ -‘f—\/' INX

S S Sl A . N
=va?+ R?4-2aRsind. (16.7) i T N
CocraBasiem  BbipaxeHue jas 0 I | w\

>
-
~
~
~
~

HAaBJeHn A 10
- das ry\_ N
p=eits | groi(t— )= 4 5 _
s 05+ 0 ; !
T g —
1 —
=;wusgﬁ(r)cl(ct—r)dr: ‘—IL/ /"443 : %gd
b n J//AI o | \
05 70 tT 1§

=% wugp (ct)[o0 (t — r_c1) —
— co< _ i:-)] (16. 8)

Idra popMyna gaer pemieHume Hamed 3aLadmM ANA CJAydas, KOrga OPOEK-
I[#s TOUKH HAOJIONEHUS JEKHT BHE Kpyra.

Yro sxe KacaeTcs gpyroro caydas (pme. 35), TO 34eCh MH IOJIyIaeM
HYKHBIE HAM pe3yibTaT CIENYIOmMUM pacCy/KIeHHeM: BO3MYINEeHUe
noctEraer Togkm A B Moment t=ry/c. [laBienme cpa3y IpuUHEMAeT
3HAUEHHe p=WwlUg U COXpPaHsAET 3TO 3HAYEHHE [0 MOMEHTa f=r,/c.
B wmrepBane ri/c < t < ry/c paBneHMe m3MEHsETCA IO 3aKOHY

Prc. 37

p=Lumb e,

7, HAKOHEI[, C MOMEHTa t=r,/c B Toury 4 yke He mpuxogaT Gouabme
HOKaKH@e BOBMYINEHHA, W SABJEHHE OCTAeTCA B JaJbHeHIIeM DPaBHEIM
HYI0. AHATHTAYECKA BCe 3TO 3ANMCHBAETCA TAK:

p=wusfn(i—2)=ali =)+ renfa(c 1)~

—s(t—2)]. 8.9

Tpaduknm p (f) mpencraBiens: Ha puc. 37 (BepXHHWe KPHBhC BHTHC-
nemn niis a/R=1, mmxame — paa a/R=0,5; po=wulS, T=R/c)u.
Hy:xuo 3ameTuTh, 9TO peIIeHHe 3a4adH o 6am/KHEM ToJie KpYroBoi
AHTeHHH NI CAHYCOMJANBHOTO DEKEMA OKA3HIBAETCHA Ype3BHITANHO

CIIOKHBIM.
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Puc. 38

Ha pume. 38 mpeacraBiaena Kaprmua msobap maa t=2a/c. B sror
MOMEHT HA HOBEPXHOCTH KpyTa JAaBIEHHA y:Ke HeT. 3a e{UHMIY OpH-
HATO p,=wu/S, T. e. NaBleHHe, CO3TABAEMOE HEOIDAHMICHHOH ILTO-

CKOCTBIO.
§ 17. IImananpudeckas BOJIHA

Msl BOOJHE HOATOTOBIEHH CeAYac K TOMY, 4TOOW HOCTPOHTH BhHI-
parkeHme A LAJIAHADPHIECKOA paspHIBHOA BOJHH. Mu He Gymem
pemars [JA 3TOH IeJH BOJHOBOe ypaBHeHHe; IpoIle cpasdy BHOparh
HEKOTOPYIO OPOCTeHIIyI0 MOZieIb AHTEHHH C 0CeBOH# CAMMeTpHed M BHI-
9UCAWTH CO3[[aBaeMoe TAaKOH aHTeHHOH IoJe.

Hay

BossMeM B kadecTBe AHTEHHH M3JIYYaIOMYI0 JHHHUIO, HIH, HOJb-
3ysAch TepMHHOJOTHed HpeANAyMEX HaparpadoB, NPAMOIHHEHHYIO
HeIpepHBHYI0 OJHOPOJHYI0 Geckomeumylo rpymny. Iloremmmaxn, co-
31aBaeMHA B Touke A axemenToM dy (pmc. 39), paBen

do =220, (t —-—>

Mu mmeem
=24 y% dy/r=drjy=dr/yrr— 22

O Pe3yJbTEPYOINEA IOTEHIHAJ

‘P“ulogo‘/zd oo(ct—r)—z—!l ( V/Ct)—i)cvo(t— % —

Arch—oo(t_fc—), (17.1)
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IT10T pesylbTAT MHTEPECEH BO MHOIHX OTHOIeHEAX. Ml BHAMM, 4ro
B oTamime oT chepmueckod BoaHsl (cy. § 13) nuamHApHEIeCKas BoJaHA
He HeceT paspwHBa moTernmana na ¢ponre. Ilorennman ua dponre
paBeH Hym, a B obmacTu mosagm ¢poHTAa HempepLIBHO HapacTaer.
3aro mepBas OpOM3BOJHAA NOTEHUMAaNa Ha (poHTe GECKOHETIHO Be-
JTHEKa, a CJIeJoBaTeNbHO, GECKOHEYHO BelMKO u Aasiexue. (Eme pas
HaIlOMHEHEM, 9TO CMYMATHCA OTHM HE CJENyeT; pedb UAET O PaspLIBAX
MATEMATHYECKUX, 8 He (QHU3MIeCKUX. PaspriBL NI CKAUKH, KOHEYIhe
unn 6eckonednbie, 06yCIOBICHBI TeM, ITO MBI PACCMATPHBAEM CIydail
Pa3PEIBHOTO € B030y:KXAeHUA BOJHOBOIO ABIEHAA. ITO €CTh He Goee,
KaK BRIYHCIATEJNbHEA OpmeM, KOTOPHH OPH NPABHIHHOM TNPHMEHe-
HHEE K Pa3yMHO IOCTaBJEHHOX QH3AIECKOM 3a1aTe HE MOKET IPHBECTH
Hac K GeccMBICIeHHBIM pe3yabraraM.) Bropoe ofcroATenscTBo, 06-
pamalomee Ha ce0d BHEMAHZE, COCTOHT B TOM, 9TO, ONATH-TAKA B OT-
Jaume oT cPepmIecKON BOJNHH, NOTEHU@AN B JaHHOH TOYKE NOJA
HUNMAAPUIECKOR BOJHH HEOTPAHMYEHHO BO3PACTaeT C TeYeHHEM
BpeMeHm. 3aKOH yOHBAaHHA DOTEHOEAla C pACCTOAHEEM IJIA
cpepuIecKodl M NEIMBEAPHIECKON BOJH TaKe pasimden: Ajaa cdepd-
UecKOlt BOJNHEI IOTeRNWAN yGHBaer Kak 1/r, a AJsA UEIMHEApUIECKOI
6 Oannwlli momenm kax Arch ct/r, mnm npmGamskeHHO TMpE Z > cf Kak
In 2 ct/x. OroBopka «B TaRHHH MOMEHT) HOXIEPKEBAET TOT GaKT, ITO
B ci1yd9ae cepraecKod BOJHH paclpefeSeHne TOTEHIAATa B IPOCTPAH-
CTBe [JJA BCero IOJAA I03afgu (PPOHTA OCTAETCA HEM3MEHHEIM
(cm. pme. 24). XapakTepuayomue OWIHHAPHYECKYI0 BOJHY 3aBHCH-
MOCTM IOTEHNZaNa KaK OT KOODAHHATH, TaK M OT BPEMEHM IIPeJCTaB-
nens! rpagugecku Ha puc. 40 m 41.

It
3 "\ 21,
, NS “ i1
N N = -
= =2
. \\ ct=§ . //;/
c:t=3I "’

0 1 3 ¥ § & Tz 0o 1 2 3 & § & 7

Puec. 40 Prc. &1

Ilo moBomy pasn@YEHX BHAOB BOJH CIeAyeT emle 3aMeTHTH, 9TO
9acTO TOBOPAT, YTO cdepmuecKas W NWIMHAPHIECKAA BOJHA HPH HO-
CTATOYHOM YHAJeHAW OT HCTOYHHKA HEPEeXOOAT B LIOCKYI BOJHY.
IIpuMeHRHTEIbHO K HEYCTAHOBABIIMMCH BOJIHAM 3TO BEPHO JIAIIE B TOM
OrpaHEYIeHHOM CMEICIE, YT0 DUIRHAPHIECKEA AId cheprIecKmir porT
OpA 0Y6HHb MaXoi KPHBHBHE C THCTO IeOMETPHYECKOA TOYKH 3PEHHA
Majio oTiamYaeTcs oT mirockoro. Ho ma aToro BoBce HE ciefyeT, d9To
IIMIRHIPIYecKaf BOJHA YTPAY@BaeT NPHCYmHEe e 3aKOHOMEPHOCTH
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7 49TO OHH C TéM HJF HHBIM NpuOIZMKeHmeM MOryT ObTh 3aMEMIeHbH
3aKOHOMEDPHOCTAME INIOCKOX Boaubl. J[0CTaToyHo B3TAAHYTH Ha dop-
myay (17. 1), 9ro6n yGenurbcs, 9T0 HAKAKON IpefelbHHE «Iepexoji
UAJAHIPAYECKOH BOJIHB B IJIOCKYIO» HEBO3MOKEH.

§ 18. Peaxuus Ha H3TyIaTEdH

IIpu pabore wmaayYaTenss OH MCHBITHIBAET DPEAKLHIO CO CTOPOHEHI
MM JKe C037aBaeMOro nois. B ciayzae akyCTHYeCKOr0 H3IydaTens
peaxkums IPOABIAETCA B TOM, ITO HA TOBEPXHOCTh HBJAYYaTeds OpPH
ero pabote geiictByeT HeKoTopoe JaBiaeHue. Mbl MO)KeM Tarke Xapak-
TePH30BAThH PEAKIMWI0 TAK HA3bIBAEMBIM AKYCTHIECKHM COIPOTHBIE-
HHEM, 0 KOTOpOM YyKe roBopuioch B § o. [lag cmycommamsHoro pe-
JKEMA COIIPOTHBIEHHE — 3TO, BOOOMIE roBOPsI, KOMILIEKCHAS MOCTOAH-
Has BeJHIMHA; BEM[ECTBEHHAS YacTh HOCHT HA3BAHME CONPOTHBJIEHHUSA
m3nydeHuss. [ HEeYCTAHOBUBLIMXCS SBJEHMH, KOTODHE MLI pac-
CMaTpPWBaeM, JaBJeHHe M CKOPOCTh SABIAIOTCH PYHKIHAMHU BpEeMeHH,
a CJefoBAaTEeNbHO, X OTHOLIEHME, KOTOPOe Mbl HAa3EIBaeM CONPOTUBIE-
HEeM, TaKyke GyneT IpefCcTaBIATHCS HEKOTOPO# QyHKImed BpeMeHH.
Ecnm ycmoBuTkes, 310 pafoTa M3IyYaTeNs XaPAKTEPU3YETCA CKOPO-
CTBIO,iM3MEHAIOIEHCA KAK o, (£), T0 OIpeJeNeHHOe IS TAKOI0 PeAiumMa
COIPOTHBJIEHHEe HOCHT HasBaHue nepexopuoro. flcwo, wro maa ¢t > 0
QYHKIHEA, INpPEeACTAaBIAIOINAA H3MEHEHHe [AaBJIEHHA, BOCHPOU3BONUT
B m3BecTHOM MacmTabe mamenenme comporuBienus. IlosToMy, B cyl-
HOCTH TOBOpPSA, 6e3PasIMIHO, BHIIUCIAAEM @ MBI DM TAKOM peruMe
IaBleHNe WM CONPOTHBJIECHHE.

IToscuum Bce 570 Ha IpHEMepe M3AydaTens B GopMe IIapa IepeMeH-
HOTO pagmyca. Takas Mofeas QurypupoBasia yxe B § 5 rnasel 1 B Ka-
9eCTBe «OyJbCHpYIOmero» mapa. Temepb ke M JOJUKHH cebe mpep-
CTaBHTh, 9T0 B MOMeHT {=0 HOBEPXHOCTH WIApa HAYMHAET ABHTATHCA
¢ DOCTOSHHOK palMalbHOX CKOPOCTBIO V,. TakuM o6pasoM, ME mMeeM
Temepb HeJ10 C PaBHOMEPHO DAa3AyBalOMUMCA (KIYXHYIIMMY) IIAPOM.
Cosnasaemas npu 3T0M BoaHa GyIeT HECOMHEHHO CHEPHIECKOR, I MH
MOMKeM Cpasy s3ammcaTh BhIpakeHHe NI H300payKeHHs MOTEHLHATa

A
P —— < p—Prie
4mr € :

Hatfinem m3oGpakenme AaBieHHA M CKOPOCTH
= 4
D=pP e

(p=p,09/0t; BazambHHE ycioBEA HYIEBHE);

At 1
=i (7 +p5) e
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JdT0 — panualbHAA JIMHEHHAA CKOPOCTh YACTHL[, BHUMCIEHHAA KAK

v= —0¢/dr. Ecim pamayc mapa ects a, T0 Ha IOBEPXHOCTH €ro Msl
“MEeM [(aBJIeHNe W PafHadbHYI CKOPOCTh

- A
Po=tul ez e 0, = (14 paje) v

O6pemMEYIO CKOPOCTH WOJNYIWM, YMHOMKEB DaJHaJbLEYI CKOPOCTH
Ha MOBEPXHOCTH

i, = A(l + palc)erae,

Ornomenme AaBNeHHA K 00BEMHOH CKODOCTH €CTh

(s

83 — ¥ paje  __w _p
o 4ﬂa21+pa/c_S°p+c/a‘

&

[aBnenue BHIPakaeTcA depes CKOPOCTh W CONPOTHBIAEHHE

- B . w y
pa=ua3=u '_—[""—

¢S "pF cla”
Ecau
0 L, = Uy, (2),
aa: uO’

M MBI BANMM, 9TO AaBIEHHE IPOCTO IPONOPIAOHATBHO CONPOTHRISHIIO,
0 9eM u rosopumioch Bhe. HosdduumeRT NOpomoprHOHATBLHOCTH
ecTs u,. Ilepexona Kk opurEHaly (Ipu noMomu TaGIHIB TOTOBHX (op-
MyJ), HaxomuM

pa ._) pa (t) = uO l:_ e—-ct/aco (t)

VMBOXKHEB 3T0 HA S, DONYIAM IOJIHYIO CHIY PEAKOWH, AeHACTBYIOMYIO
HA IOBEPXHOCTh IIapa OPH €e NBWKEHHA C 06BEeMHORE CKOPOCTHIO
ua=u0 %o (t)7

F (t) = Sp, (t) = ugwe=—'%gy (t).

Mpsl BEREM, 9TO B OepBHE MomeHT, T. e. opm t=0, cmia pearnmm
paBHa
F(O) = UyW.

9TO 0YeHb XapDAKTEDPHHIH pe3yJbTaT; BCIOMHEM, 9TO TOYHO TAK jKe
610 06CTOHT U NI GEeCKOHEYHOH MIOCKOCTH, H3IyJalomed NpH CBOeM
IBIKEHAR IIOCKYI BOMHY. B nampHeiimeM o6mapy:KuBaeTCA pasHANa:
PeaKmuA Ha IIOCKOCTh OCTAeTCH HeM3MeHHOH, TOrfia KaK PeaKnms Ha
map, Kak MH BHBeIZ, yOsBaeT IO BKCIOHEHIWATBHOMY 3aKOHY.
Ho ato pasimame o6yciroBleHO PasimizeM B KOHQHTYpALud IOJeH;
B IEPBHIA jXe MOMEHT, KOTJ]a Tole He yCImedo eme Pa3BETHCA B KOTHA
POBMyIIeHHe JIOKATE30BAHO B CIOE, HOMOCPENCTBEHHO TIPHEIETAIOMEM

#1



K [OBEPXHOCTHE H3IydarTels, PeaKkIdA HA M3IydaTendb N0G0HE dopmu
OKA3HIBAETCA ONMHAKOBOM H OUPENeJAeTCA TONBKO CKOPOCTHI m
BOMHOBHIM CONpPOTHEBIeHmeM cpenil. Mel GygeM mMerh eme npyrue
[OATBEPK/eHAA 3TOI0 3AKIIOYEHUA.

PaccMorpuM Gonee CIOXKHHI IpmMep: ONpefeNHM DeakOuio Ha
KPYLOBYIO aHTEHHY. B aKycTHKe KpyroBaA aHTEHHA IPeNCTABIAETCA
o6B9HO B BHOE MOJTEJNM, HA3KHBAEMOH «mopmHeBas AumadparMa». Jroe
eCTh IJIOCKMY, KPYrIBIA, COBEPIIOHHO »KeCTKul (T. e. HeflehopMuUpyIo-
muiAcA) MACK, IBIKYMMHACSA B HaNPABNEHUM CBOEH HOpDMalmB OTBep-
cTud B 0ECKOHEYHOM TUIOCKOM COBEDUIEHHO »KECTKOM dKpaue. IIpemnmo-
7Taraercs, 9TO 3a30p MEKAY AECKOM M 3KpaHoM orcyrcrByer. Takas
Mo[esh IPENCTABIAsET C000# ¢ Mexanmge-
CKO# TOYKM BPEHUsI CHCTEMY C ONHOHA cre-
meHplo0 cBoOomn. Hama 3agaza cocromt
B TOM, dTOOH BHIYUCIUTH MOJHYIO CHIY
peakuum Ha NHCK.

Ecnu nmHefiHas CKOPOCTH JHCKA €CTh
U=0,0, (), TO KaKJBH 3JEMEHT NOBEpX-
HOCTH MOJKeT PAacCMATPHBATHCA KaK ToO-
9eYHHKH HCTOYLHK C HANPSIKEHHOCTHIO

du==vdS.

Mu JoMKHBH CHAdYajla HAUTH JaBJIeHHe
B KaKAOM TOUKE HHCKa, TPOCYMMHUPOBAB
B 3TOH TOYKe NeHCTBME BCEX BJIEMEHTOB
IDOBEPXHOCTH, a 3aTeM OUDPENeJUTh CHIY,
WHTETPHPYA [aBJeHHWE IO BCeil MDOBEPXHOCTH. IJEMEHTAPHOE [aB-
enue

Puc. 42

ds
dp= PoVa 57 1 (t —re).
Bufepem sieMenT moBepXHOCTH B B/

dS =rdrda

(pme. 42). Ilopaxox muTerpmpoBanmA 6e3pasiImieH. Bynem cuagana
MHTeIrDHPOBATH IO F, T. €. HAalfeM CHAdYaja JaBJeHHE, CO37aBAEMOE
SJEMEHTAPHEIM CEKTODOM B TOYKe, JeKamed B BepIIEHE CEKTODA.
IIpm atom r Gyner mamerarsea or O 1o R. Takam obpasom,

L R

i IR L O

0

BaMeT]IM, qT0 B OOABIETErpaIbHEOM BRIDa)KEeHAH r COKPAaTHAIOCh.
JdTo O03HAWAET, UTO EHCTBEE BCEX IEMEHTOB CeKTOpa B BEPIIEHS
OQMHAKOBO, TaK KaK yBeludeHue paccroarusn xomnencnpye'rca yBe-
nuveHmemM miomana. C DONOGHBIM COQTHOUIGHHMEM MEI y#e BCTpeda-

- 318



amer B § 16. [lna pansmelimero murumenenus BHpasum R uwepes a.
IIycte Oypmer

R=¢(a), a=¢(R).
Torma mo gopmyze (10. 22)

®

p==22{{oy(ct) — 5y [ct — 3 (@)]) da =

=% {moo(et) + et — oy let — @[}, (18.1)

B mawewm cnywae (cM. pue. 42)

R2Ly2_ g2 €22 4 y2 — a2
a=1¢ (R)=arccos — "~ = STyt —aet
$ (R) WR ¢ (ct) = arccos P R

R=¢(a)=ycosa-a*—y?sin’a, ¢(r)=a—y, ¢(0)=aty.
Hraxk,

p=wvo{oo(ct)——oo(ct——a+y)+

1 —_
+— arccos522—_}—7‘11%——"2:[30 (et —a—y)—o,(ct — a——y)]} (18.2)

puc. 43).
Ne gpusoi 1 2 3 4 5 6

yla 0 0,2 04 0,6 0,6 1,0
10 10
SN \T \2 |/ 498
05 § 96
04
g2
0 1
1 2 0 7 ct
ct/a 2 ra
Pnec. 43 Puc. 4k

Mu onpemenunm paBneHue Kak (YHKUNI BpeMEHH AN TOYRE
¢ xoopamHaToft y. 3aMeTuM, 49TO 37ech NOBTOPEHH IO CYIIECTBY
BuKIafgka § 16. Hama ¢opmyma (18.2) morma 6m GwTH IO-
aygera ms QopMmyan (16. 9) Kak wacTHH caydaid mociegHed mpH
ro=0, r. e. Korma Touxa mHaOmiofeHua xe;kmT Ha Kpyre. Ocraercs
HDOCJENHEME 5TAl — BHYMCICHHE CHJIK DPEaKI(AH.

JIeMeHT CHIH paBeH

dF = pdS.
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B pamnoM cayuae ecTecTBeHHO BHGpaTh KombleBoli 91eMEHT niomanu

dS = 2nydy,
u, TakuM 0OpasoM,

F = 2muw, S {°o (ct)y—oy(ct —a+y)+ % arccosfztz—'z";_i/:-___—“2 X
0
X [0y (¢t — a4 y) — gy (ct —-a—y)]}ydy:
= 2nuwv, {(Ct—a)2 [0 (ct) — 0, (ct — a)] + [—D (ct, a—ct) +

2
4 @ (ct, a))o,(ct) =+ [ (ct, a—ct) — D (cl, ct——a)]co(ct—a)—[—
4 [D (ct, ct —a)—D (ct, a)]oy( t——Za}

Heonpepenerustii uuTerpas 6epercs N0 4acTAM

c2t2 + y2 — a2 . y2 c22 4 y2 — a2 _
D(ct, y)= S arccos —g, ydy = T Arecos ——p h——
) 22 4 y2 — g2
i1 [y8 — y (c22 — a2)] dy . _1_ y? arccos c2y -}Z-yz a
V(e — a2 - 242 (%2 a2 —yf 2 yet
. y2—a—cu? 1 . -
+—2-a2arcsm g———gaTc————T V—(c2® — a%? + 2p2 (c%? + a?) — y*.
Hanee,
2 — X ~ ™
O (ct, a)=a (arccos V 1— %) —7 ),
3 T
@ (ct, a—ct)= — za“’—i— -2—(ct——a)2,
ki
@ (ct, ct —a)= — a’

[Ipopmenas ocTalmumecs OPOCTHe BHKIAAKE W 3aMEHHB JIHHEAHYIO
CKOpOCTH 00BeMHOM
21y —— —
na?, = Sv, =u,,

nojJyqaeM OKOHYATeJIbHH A pesyabpTar

F=uw : (arccos ;—:—;Z V-l — (%)2) [og (ct) — o4 (ct — 2a)]  (18.3)

(pme. 44). Kax BugmM, um B 9TOM caydae
F(0)=uqw.
B ¢opmyne (18. 3) cmegyer eme orMeTmTh, 9TO CmiIa Ofpamaerca

B HYIb 96pe3 KOHEYHHH MPOME:KYTOK BPEeMeHW W JajbHEHINee [BAKE-
HYWEe JHUCKA C IOCTOAHHON CKOPOCTHI0 HE BCTpedYaeT IpOTHBOXeHCTBHA
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CO CTOPOHBI CPE/bl. ITOT PEe3yNhTaT JETKO HOHATH, €C.AM TPHHATH
BO BHUMAaHEe, YTO faBleHue Ha 11060# 31eMEHT MOBEPXHOCTH AMCKA
COCTABJISETCA U3 UMIYJIBCOB, NPUXONANIEX OT BCeX OCTAHNBHBIX 3Je-
menToB. IIponecc raumnaercsa npm ¢=0 1 3aKaHIEBAETCH, KOTAA K TaH-
HOMY DBJIEMEHTY IIpHAeT BO3MyINeHHe, IOCIaHHOe HamGoxee yamen-
HeM anemenToM. Ho mambonbmee BOSMOKIOE PACCTOAHEE MEMKIY
AByMA TOYKAM; Ha Kpyre paBHO Amamerpy. Takum oGpasoM, mpomece
CyMMHPOBAHHUA WMIYJIBCOB JIABJICHUS 3AKAHIMBAETCA KO BpEMEHH

t = 2ajc.

Tpynnee NOHATH APYroe: NOYEMY AHAJOTHYHEE COOTHONIEHHSA
He MOJY9aTCHA AIA «HyXHymero» wapa? Benb, kax MH Bmaenwd,
cmia, fefcTByomas HAa HOBEPXHOCTH TAKOLO IHapa, YOWBaeT Mo
SKCIIOHEHI[MAIBHOMY 3aKOHY, T. €. NpolecCc CYMMHPOBAHHEA, O
KOTOPOM TOJBKO 9TO HUIA PeYb, HHKOTAA He nmpexkpamaercal! TyT cyTs
melna 3akiaoIaeTcs B gupakump. Pemas sagauy o6 maiydeHmm mapa
B L[EJIOM, MBI OOXOAMIE BOIPOC O Auppakmmu. Ecim sxe Mpl cranm OH
pelmaThs 3agady MeTOHaMu; 3Toro maparpada (9To, KCTaT® roBoOpH,
Gn110 GH COBEpLIEHHO HemeaecooGpasHo), TO HaM NPHILIOCH OBl HAYATD
¢ PacCMOTPEHNS B3aMMOTEHACTBUA ABYX DJIEMEHTOB HOBEPXHOCTH LIapa.
Bosmyinenue, mocoutaeMoe KaKEM-Au00 2JIEMEHTOM, MOKET [JOCTH-
THYTH APYTOro 3JeMEeHTa TOJBKO 3a cieT AmPpAKIEE, TAK KAK Ips-
MOJIMHEHHOr0 OYTH MEXKAY ABYMsS TOYKAMH HA MOBEDXHOCTH IIapa
mer. Ho pudparmpyomas BosHA, [JOCTUTHYB HEKOTODOH TOUKH,
MpooJsKaeT orubarh wap; oHa 0GOTHET ero KPYroM ¥ HadgeT Caefyio-
muit o6xox u GydeT NPUXONMTH B MAHHYK TOYKY HeOrDaHHAYCHHOE
9@CI0 pas, COOTBETCTBEHHO ociafeBas ¢ KammuM pasoM. Takmm
o6pasom, B cliydae mapa ¥ He NPUXOAMTCA OKUAATh IPEKpAlfeHHs
PEAKIMH [0 NPOUNIECTBHE KAKOILO-I1H00 KOHEIHOTO IIPOMEKYTKa Bpe-
MEHH.

§ 19. HampasiaenrocTh

B nepsott riaBe (§ 4) GhIo mOKasamo, 9TO CBOHMCTBO HAmpaBJIeH-
HOCTH, NPHCYyLlee A3IYyJaOMAM W NPHEMHHM aHTEHHAM, HMeeT IHCTO
mHTepdepeHUORRY0 Npupoxy. HampasienmocTs (r. e., HampmMep,
B CJIydae HBTYYEHHA, 3aBUCEMOCTh HOTEHIHEANA B TOYKE HAGIIICHHA
0T HAUpPABIEHEA HA BTy TOYKY) ONpeJeJsAeTcs MCKIOYMTenbHO (aso-
BEIME COOTHOIIEHHAMH.

CoBepIIeHHO ACHO, Y10 9TH COOTHOMEHWA He MOIYT OHTPH Hemoc-
PeNCTBeHHO NMEePEHECeHKH B 061aCTh HEMEPHOAMIOCKAX BOTHOBHX BO3-
Mmymenuit. Takoll meperoc BOSMOeH JHIIb Ha OCHOBE COEKTPAJIBHOTO
IpeCTaBIeHHs HENePHOAMIeCKOT0 ABJEHHA H DX NOMOIA Marema-
TEgeckoro anmapara marerpaiza ®dypse. Ogmaro, CTaHOBACH HA BTOT
OyTh, M 3aKPHBAaeM IIa3a Ha KAYEeCTBEHHO HOBHE 9ePTHI, OTIHIaio-
ImEe HeyCTAHOBHBIIEECA BOIHOBoe moxe. IloaToMy MH mombiTaeMcs
pasoGpaThcss B BOOpOCE 3aHOBO.

91 A. A. Xapkesud, T. 1 324



Benomuum, 4To, BHYMCAAN TOTCHI(HAN, CO3MaBAEMUH PasTMIIbIMu
THIAMHE AHTEIH NPU BO30Y/KIECHNM UX eIUHUYHOR 06 BEAHONE CKOPOCTRIO
(§ 14 u 15), MBl BCcAKMA pas3 IOJNYYalM BHPA/KEHUA, COMepIKaIime
yroa & Me)KIy HanmpaBleHMEM Ha TOYKY HabIIOeHHA U IIaBHHLIM Ha-
mpaBiieHmeM, KOTOPOe MBI Has3hBAaJIKM OChI0 aHTeHHH. Bompoc o xapax-
Tepe BaBHCEMOCTH OT & MO CMX IIOP He 3aTParuBajcd; Temeph KaK pas
06 9T0f-TO 3aBUCAMOCTHE W NOJJKHA HOMTH peds.

B ofmux ueprax meno o6CTOUT TAK: IPH CKOPOCTH, H3AMEHAKMIEHCs
Kak u,0, (f), B TouKe nabuoeHusa Ho MoMeuta i’ =={—r/c MOTEHLHaN
pPaBeH IHyN0, 3aTeM Ol HAYMHAET HAPACTATH, ¥ YCTAHOBHBINEECSH
HDOCTOSAHHOE ero 3Hadeie paBHO

Pp = Ug/4T.

ITO NOCTOSAHHOE 3HAUEHWE AOCTHIAETCA KO BPEMEHH, [0 HCTedeHHH
KOTOPOTO [0 TOYKM HAOMIOJeHHA NOMAYT BO3MYMEHuAa oT Hambomee
yIaleHHBIX 3JIEMEHTOB AHTEHHH. BpeMs yCTaHOBIEHHS 3aBHUCHUT OT
PasHOCTH XO0jia BOJHBI OT KPAaHHIX TOYEK aHTEHHbI A0 TOYKH HaAbI0A€-
Hua. PasHocTh ke Xo/ia 3aBHCUT, C OXHOH CTOPOHEI, OT pasMepa
QHTEHHBL, & C IPYTO# CTOPOHKI, OT PACIOJNOIKEHNA TOIKM HAGII0Tenus
OTHOCHTENIbHO auTenusl. Ecam depe3 ¢ o603HaIeH pasMep aHTEHHDI
B INIOCKOCTH, IIPOXOAALLeH depes och U Touky nabustopenusa (puc. 45),
To HamboubIIasg PasHOCTh X0fa cocraBisger d=a sind, a BpeMms ycra-
woBnenua I'=d/c=asind/c. Takum obpasom, mpu usMeHenum yraa 9
m3MeHseTCA MacuITal BpeMeHM IS 3aBUCHMOCTH ¢ (1).

Hamnbonee obwum 06pasoM MOMKHO 0XapaKTePU30BaTh DTU COOT-
HOIIEHHA KaK m3MeHeHue gopmbl KPHBOH ¢ (f) B 3aBHCHMOCTH OT H3-
menerua 9. Ho Takasa XxoTs m mpaBmibHag, KaueCTBEHHAA XapaKTepH-
CTHKA IOJIO;KEHHA He TO3BOJISAET elle NOJ0MTH K ONpPEeNeJeHAI0 HalpaB-
aenpocTr. HaM Hym®HO BHGpAaTH OIpeRedeHHBI mapaMerp, KoJmde-
CTBEHHO omnpejnengomuil GopMy KpuBoi ¢ (f), U yCTaHOBUTH 3aBHCH-
MOCTh 3TOr0 mapamerpa or yriaa $. Ilpu atom HyskHo BHGpaTh mapa-
MeTp, MCXOAA M3 KOHKPETHHIX TeXHWYECKHX Ipe/CTABICHUR; HYKHO,
9T06B Ha 3TOT MapaMerTp IO BO3MOKHOCTH HENOCDEJCTBEHHO peard-
poBalu NpuGOpH, IpUMEHsieMble B TAHHOW OTPAacCHH BOJHOBON Tex-
ankm. Konewno, npuMensasa kakue-1u6o XpoHoMeTpudeckme npubops,
MOKHO HENOCDeJCTBEHHO M3MEPATH BPeMS YCTaHOBIEHUS, 0 KOTOPOM
TONBKO 9TO roBopmaock. Ho Mel momeitaemcs BhGparh mapamerp Tak,
9T06E TONYYUTH ONpEefeleHHe HANPABICHHOCTH, 110 BO3MOKHOCTH
6nmsroe K ynorpeburensnoMy. [IpIMEHUTENLHO K CTAIMOHADHEIM TIPO-
eccaMm OINepUpyIOT 3aBMCHMOCTHIO OT YIjla TOM WJIM MHOM BeJWIMHBEI,
XapaKkTepu3ylomed MHTEHCHBHOCTh CHrHAJa. B namem e ciyuae
TaKO# BEIMYIMHOM MOJKET MOCHYKHTH CKOPOCTh HAPACTAHUA IIOTEH-
nmaja WIN BeTWIMHA, efl HponopIHOHAJLHAA.

Paccmorpum n1s npmMepa mpAMOMHHERHYIO OXHOPOAHYH TPYIIY.
Ins pasHEIX yraoB $ MBI mOTyd4aeM 3aBHCEMOCTH ¢ (£) B BHe ceMel-
CTBa JEHHWA, IpefcTaBleHHOro Ha pHC. 46, a. Ilocrpomm coorserct-
Bylomee cemeiicTBo amaA p ~ 0p/0t (pmc. 46, 6). Karx BummmM,
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OT/IC/IbIIbIE JNHUH 3TOrO CEMelCTBA PausjuvaloTCH BeJAMIRHON MIHO-
BeHHOro paBnenus. Jlerko upencraButh cefe m oCymecTBETH npy-
GOpBI, HEIOCPEeNCTBEHHO pearupymolipe Ha aty Beauuuny. «C Touku
3PCHUA» TAKUX NPEBOPOB HanpasieHiocmb ecmb sasucumMocms maxcu-
MALDHO20 MZHO6EHM020 3HAMEHUR HA6AI00aeMOll éeautunn om yeaa 9.

JTa GopMyNEpPOBKA 1pencTaBAAET COBOM olpelesten e HanpaBaeH-
HOCTH, KOTODHIM MH GyfeM IONb30BATHCA M jaIbUIC. S3aMeTHM, 9TO
OTO OHmPCHENenne HC TOJbKO He PACXOMNMTCA C OOBIIHBIM, HO BKIIOYAET
ero B cebs Kak 4acTHul# caygait. JleficTBuTenbro. B c.iy4ae CHHYCOH-
laNBHOTO  PE/RIMA HAMGONbIee MTHOBEHHOE 3HATCHEE CCTb NPOCTO

14

Puc. &5 Puc. 46

aMILIATY[a CHHYCOMAK, & HAIPABIEHHOCT: IIPA ITOM MOKET BHIpa-
sKaThCSl 3aBHCHMOCTHI0 aMILTETYAH (MM Kakoro-iu6o cpegHero 3Ha-
9eHUA) OT Yyria.

Taxmm o6pasoM, BOIpoC moaydaer HeOGXONEMYIO ONpeNeNeHHOCTD,
¥ MBl MO’KEM BHIMCIHTH XaPAKTEPHCTEKY HAIPABIEHHOCTH JJA Ips-
MOJRHeHHOR AHTEHEH B HENEPHOTHIECKOM DEXKEME u=1u,q, (£) B co-
OTBETCTBEH C BHIIeNDHBENEHHHM ompernenenzeM. Mu BuBemm B § 14
IOIA TPAMOTEHEAHON AHTEHHBI

uge l .
P = m[o_l (t/) —0_4 (tl —_ "C— sin 9):‘.
Orcioga HaXoouM HNaBJeHHE
uw f .
p=4—m_T(;—in—§“Go(tl)——O‘0(\tl—‘? sin 8>:|, (1.9.1)
Hambonbmee 3navenue gasnenus (KoTopoe B DacCMaTpPEBAEMOM CIydae
coxpanseTcss Bo BceM muTepBane 0 < &' < [sin 9/¢) pasmo
Dumax = UgW[4mrl sin §. (19.2)

B sT0M BHpaKEHHH yiKe CONEPIKHTCS XAPAKTEPHCTHKA HaNpaBiel-
HOCTH, HO BO3HEKAeT CHeNHPMIECKOe 3aTPyAHEHHE: MH HE MOMKeM
DIPHBECTH 3Ty XapPaKTePHECTHUKY K yHupunuposawHomy Macinrtalby,
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rax Kak nmpu 9=0 ngaBienue GeckonedHo BeqmKO. MBI MoyeM BhfiTH
13 TOTO IOJOKeHUA TaK: OTOPOCUTH HECYINeCTBEHHBIH JIA Jela MHO-
JKATeNb Ugw/4Tr W paccMaTpMBaTh B KadecTBe XaPaKTEPUCTHKH Ha-
IPaBIEHHOCTH BEeJIHIUHY

R=1/lsin 9, (19.3)

KOTOpasg B OTimM4ze 0T oOHdIHON 6espasMepHOUd XaparTePUCTHRH Ha-
mpasnenHocT: umeerT pasmepHocts [L7']. I'padur xapaxrepucruxu
(19. 3) B moxspHBIX KOOPAMHATAX HMeeT HEeOOBIYHLIA BUJI: OH Tpesn-
CTaBIfeTCA NBYMS mapajiaeabHeiME npsaMbiME (puc. 47). Uem Gosbime
l, TeM Yse XapaKTeDHCTHKA. OTO CYLIECTBEHHO, [O3TOMY MHOZKH-
Tenb [ ocraBieH B Beipaskexumu (19. 3).
CxonHBIM 06pa3soM XapaKTepUCTHRL
HAOPAaBIEHHOCTH NOJNYIANTCA U JJIA APy -
rAX THIOB aHTeHH. Pasuura cocrour
JAIIEL B TOM, UTO KPUBbIE JaBIEHHUS UMEIOT
maYy’0 QOopMY H, CIef0OBAaTEJIBHO, BHIpajie-
HIE [JIA pp. OTAHIaeTcs ot (19. 2).
IlononnuTeabuble TPYAHOCTH BO3HUKAT
C KOJBIIEBOX aMTEHHOH, HO B mOApod-
Puc. 47 HOCTH D3TOrO CJIydas Mbl BXOLUTH He
Oymnem.

Mu npegmonaranm g0 cuUX IOp, YTO AHTEHHA BO30OYKEaeTcs CKo-
POCTBI0 U=1y5, (). Ilonoenue coOBepIIEHHO MEHAETCA IPU JIPYLoM
saxone mameHeHnsa cxopocru. [Ipm £=0 moeT mperepmeBaTh PaspuB

He caMa CKOpPOCTh, a ee mepBas, Bropas, . . ., n-A OIPOX3BONHASA, WIH,
IPYTUMH CJHOBAMH, CKOPOCTH MO;KET B MHepBHIH MOMEHT HapacraTh
M0 JUHEHHOMY, KBAApaTHYHOMY 3aKOHY, ..., IO KPHUBOH n-ro mo-
PARKA.

Bce mpepbiaymue paccy:kIeHusi COXPAHAT, OTHAKO, CUIY IPH YCIO-
BUH, YTO NPHEMHEIN ammapar GyHeT pearupoBaTh HEe Ha JaBJeHHE,
a Ha OPOM3BONHYIO JaBIEHHA TOTLO K€ MOpPARKA, 9T0 U HpEeTepIeBaio-
mas pasphHB NPOM3BOJHAA CKOpocTu amTeHHB. WHawe rosops, pas
HOJIYYeHUs JKeJaeMOd XapaKTePUCTUKM HANPABIECHHOCTH HY/KHO 3a-
paHee 3HATH XapaKTep CHTHAJA W COOTBETCTBEHHLIM 06pA30M Clelath
OpHeMHHK.

Takoe monoKeHMe OTHIOLb He SBJIAETCA CHELUAJbHON OpUHAMIIeHK-
HOCTBI0 HENEepHOJUYeCKHX ABIEHWHA; HANPOTUB, MO/KHO ILIPOBECTH
HONHEAIIYI0 aHANOIUI0 C OGHYHBIMA NPENCTABIEHUAMH TEOPUM Ha-
mpaBiieHHOCTH. B camoM fene: ofHYHAsA XapaKTepUCTHKA HalpaBleH-
HOCTH BOBCEe He OIpefejseT HAOPABIEHHHIX CBOWCTB AHTOHHH KAaKIM-
ambo yunsepcamrbubM oOpasoM. OGKHIHAA XapaKTeP NCTHKA HAIP ABJIEH-
HOCTH OTHOCHTCA TaK/Ke K BIIOJHE OUPEeJeHHOMY YaCTHOMY BHLY
CHrHAJNA, a MMEHHO K CIydJal0 CUHYCOWAH OIpele]eHHOd JacTOTH.
OmnpenieTuTH K€ CTPOSHME HMOJA U PEAKLUI0 OPUEeMHHKa [ JH6oro
CIOKHOT'O CHUTHAJA MOJKHO JHIOb TOrJa, KOI[A CUrHAJ M3BECTeH.
Taxum o6pasom, ME MOMeM YCTAHOBHUTE CJeIyIOIiee BasKHOE, HO HE
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BCETa ACHO lLIOHMMaeMoe obmiee mosoxeHme: MOHATHE o HaOpaBJIen-
HOCTH, KaK OBl MBl €e HI ONPENeNWIH, He EMeeT CMBICIA, eCJIY He yKa-
3an_(WiE He HONpasyMeBaeTcs) Bmm cmrHana l.

Jns mosicHeHWSA 3TOrO moNoKeRHS PaccMoTpEM HpuMep: ompefe-
JUM XapaKTePUCTURY HANDABIEHHOCTH JJIA CHTHANA B GOPMe yCeden-
HOU CHEYCOMAH!, T. €. JJfi CHTHAJA, NPEACTABIAOMET0 COGOH He-
CROJIPKO NUKIOB CHHYCOMAH. Takoil CUrHAN MOKET GHTL AHANETH-
9eCKH NPEJCTABIER B CIAELYIOIIEM BHJeE:

U =1, sin ot [o,(t) — o, (t — nT)], (19.4)
rae T — mepmon (T=2n/0); n — YECIO MOTHBIX LAKIOB. Briaucamm

XapaKTePHCTAKY HAOPABIEHHOCTH NS NPAMOJIABEEHHOR AaHTEHHE.
dmemMenTapHOE BO3MYIIEHHE DABHO

d(p_-—_z‘%%(t’—% sin 8):”—21%sin m(t—%sin 3>>(
X [c°<t’ —-% sin 3>—co<t’——%sin a‘}—nT)],

Pesyaprupyomuit morenmman
!

@ -_——_4—‘;‘-’;§ sinm(\t’——% sin 8\)[00(t’———§-sin 3)—

—°o(t’ .__:, sin 8—nT)]dx=

Ll S sin o (¢ — 1) [65 (¢! — %) — 05 (¢! — nT — 1)} dx,
0

= 4mrr
ruge

z . l .
T=—sind; r=—sind.

Bunonuasa HHTerpupoBaHue, mnolyyaem

=l fz; (1 — cos wt/) [0y (t') — o, (¢! — nT)] —
—[1 —coso(t! — )] [0 (¢ — o) — 0y (¢! — nT — )]} (19. 5)

9TO BHpaKeHHe 10KAa3HBAeT, YTO ABJEHWE B TOUKEe HAONIOERUA pac-
nagaercd Ha Tpu (asH U NPUTOM pa3NNYHHM 06pa3oM, B 3aBHCH-
MocTH OT cooTHOmeRuA Mexny T, u nl. Heltcrurensuo, ecnn nl < =,

[ hmr
TO MBI “UMeeM, BBOLOA P “—'—'E'—Z'CP,
0

! Onmo METepecHO® BCKIIOYCHHe K3 TQTQ TIONOXKEHMS pasbEpaeTca B CIONYIO-
meyM maparpade,
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0 [t < 0],
;1—0-(1—0050)1,") [0< ¢/ < nT],

o'=0 [T <t <], (19. 6)
5%[1—— cos o (t/ — 7y)] [x, < ' < nT + =],
0 [nT + = <t/ < ).

Ecau e nT > 1, T0

0 [ < 0],
;)%(1—coswt’) [0<t' < 1),

¢/ = m—i—to [cos o (# — 1)) — coswt'] [ty < ¢/ < nT], (19.7)
w—igll — cosw (t/ — )] [nT < t' < nT + 1,
0 [nT 4 7, <t/ < ).

Hanmomumym, ato nT' ecTh IPOKOIIKATENHHOCTh CUTHANA, & Ty, — pas-
HOCTh BpeMEH NPHX07a BOBMYIIEHMA OT KOHIIOB aHTEHHH. B ciayzae
nT < =, kak HokaswBaloT dopmyns (19. 6), carman pacmenasercs;

09—

(] % ]
021 -‘-7=2
0 _— |

Lo

SRR arh

e " T
7 |
7—7-]
T
it -
i /\/\ | l
T
5.
7
48+
a6
i T
4z}t | L=41
Sl [ 7
L
7T

Prc. 48
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B TOUKE HaOIIOMeHHs CHCHAJ
HaGuaogaercs B MHTEPBajiax
0<t'<nT 1 1<t <
<nT+r, B mureprane xe
nT < t' <1, HHUKaKOro BO3-
MYIMEHAA B TOYKE HAGTIOTeHUA
HeT. JTOT CTPAHHHIA Ha mep-
BRI B3rafpn pesyiabraT CBA3aH
C TeM, 9TO MH BHIOpAJ® CHrHal
B opMe 1eJ0r0 ImCIa TOJHHX
OUKJIOB CHHYCOMAK. X o[ ABIe-
HHSA B TOYKe HabJIONe ns npey-
craBied  rpadmIecKH Ha
puc. 48. Caygar nTl > =,
TpeLCTaBAAET TY NIPHHIWIL-
aNbHYI0 0COGEHHOCTH, YTO B
HHTEDPBaJe < t' < nT
B TOYKe HAOJIONEeHHWA BO3MY-
IIeHAA, IIOCHIAeMHEe OTHedb-
HEIME 9JIEMEHTAMH AaHTEHHHI,
CYMMEDYIOTCSH COBepImMEeHHO
TaK jKe, KaK IpH CTaquaoHap-
HOM peKmMe aHTeHHH. Ha
9TOM QCHOBAaHHE 3Ty (asy



fIBICHAA MOXKHO HA3BaThb HKeA8UCMAYUOKADPHOU (a30H; KIETeNdb-
HOCTh €€, Da3yMeeTcsd, KOHEYHA W OrPAHHYEHA BHINEYKABaHHKM
nuTepBaIOM 1, < t' < nT. Te ke pasw aBaeHus, B KOTODHX (pyHK-
IuA BHpajkaerca xak 1— cos o' mim 1 — cos o (' —r,), Gynem
Ha3HIBATH HECTAUMOHADHHMH (a3aMd.

Temepb MHB MOKEM HENOCPENCTBEHHO 3AHATLCA BOIPOCOM © Ha-
IPAaBIeHHOCTH. [{IA 3TOr0 HYKHO B COOTBETCTBME C IPHHATHM HAMH
o6muM ompefeJeHmeM HaiTH BHamboJbIIMe MIHOBEHRHE B3HAYCHEH
moTeHNuaa (AIH, YTO TO ’Ke, HPONOPLEOHANBHOMN €My BeJHMYHHK '),

B mecranumomapEnx ¢asax MH EMeeM, HE3ABHCHMO OT COOTHOMIE-
mna Mexpy nl m <y (em. (19. 6) u (19. 7)),

=L (1 — cos wt')

’
Y =
HecT Wty

i

’

1
Precr =-u.)—t0' [1 - COSm(t’ —’:0)]’

TaK 4TO HauGoubluee 3uauenme ¢/ Gyner

r 1
anoc’r. Mako W . (19 8)

YUro xacaerca ksasmcranmomapuoii ¢asm, To Ana mee (em. (19.7))
. T
, 1 , SIN w 5~ %
—_— 1Y — s (]
.chncr""w.Co [COS(D(t _TO)_' cos wt ] '—W s1n w(tl _7),

4, cJjexoBaTelIbHO, ﬂanﬁonbmee MIHOBEHHOE 3Ha4YeHHue
. T
sine

Prser. sam = o7z + (19.9)

3amermm, aro gopmyna (19. 9) ecTs He uTo HHOE, KaK BHpayKeHHE
InA  oONYHOH (CTANMOHAPHOH) XapaKTEPHCTHKA HAOPABICHHOCTH
mpaMonuBeinoi aurendsl. Comocrasaas (19. 8) m (19. 9), Mu Bupgum,
970
T
SiI’lw‘z2 1
0)10/2 < (0‘50/2 !

T. €. aMIUIATYyRa KBasHMCTANMOHAPHOHK (ass He IPEBOCXOAHT aM-
IUIATYAB HECTaNmoHApHO# ¢asm. ITO BepHO, OfHAKO, B OTHO-
IDeHA® amnaumyd, HO He HAmOONBIIHX MIHOBEHHHX 3HAYEHHA HA
OPOTAKEHNH TO# miu uHoH ¢asu. [lexo B ToM, IT0 IPH YMERBIIEHNN T,

1
HecTauoHapHasa ¢asa, XapaKTepusyeMmasa QyHKIMel E'(i — cos wt'),
0
yCeKaeTcA NpH BceX MEHbWHX 3HAYEHUAX i/ =<, Nepexois B Kpasu-
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T 1
¢ranuonapuyto dpasy. Haxomen, npu <, <3 pyHrRUMA 3)70(1 — cos wt')

1
y>xe He OOCTUraeT CBOEr0 MaKCUMAJIBHOrO 3HA9eHWs, pPAaBHOI'O vt 72
0

1
a orpammumBaercA smauenumeMm — (1 — coswty). Ilpu onpenenennom
wTy

3HAYEHUH T, MOCIEHAA BeJIUInHa CpaBHUBAETCA C aMHJIHTy,HOﬁ KBa3u-

cTaNMOHAapPHO# (a3k; MH COCTaBIAeM ypaBHeHHE
. To

1—coswry MY

wty | wtg/2

¥, pemas ero, HaXOAHM 3HAYeHHe T,, OPH KOTOPOM CPaBHHBAIOTCSA
HamfoJbIIde MTHOBeHHHIe 3HAYeHEA HOTEHIHMAala B HECTAl[HOHADHOH
M KBa3HCTaOMOHADHOH (asax

T, =T)/2.

Wrak, xapaxrepmcTmra Ha-
NpaBIEHHOCTH BHPANKAETCA pas-
ap9EsM 06pa3oM B 3aBHCUMOCTH
0T COOTHOLIGHUA MeXKAY T, u I.
Mu MokeM 3amHCcaTh OKOHYa-
Puc. 49 TeIBbHO

;;(1’/—2 [To > ‘g‘],
I sin wtp/2 ["o<§]-

(1)‘50/2

R(%)= (19.10)

Ipm 1, < T/2 Mz mmeeM 06EgHYIO (CTAIHOHAPHYIO) XaPAKTEPHCTHAKY
Hanpasixersocta. Ilpm 1o > T/2 -

R (1‘}) — ! — ——1—,
%y I,
oy k 7sin 3
Orcrona
R sin § = L const,

kI[2

(mna pammoro kl).

Taxum obpasoM, gasg <, > I'/2 rpadme XapaKTePUCTHKE HANIPAB-
JIGHHOCTH B NOJAPHEX KOOPAHHATAX IPELCTABIACTCA IBYMA IPAMbBIMHE,
napannenbauMa ocE $=0 u pacmoioKeHHEIMH [0 00e CTOPOHHL OT Hee

1
Ha PaCCTOAHUH . Takoro poma XapaKkTepuCTHKY MH  YKe

Berpedanm (cM. dopmyny (19.3) m pme. 47). Yrasammme mpsaMbe
CMHIKAIOTCA CO CTAIMOHADHON XapakTePHCTHKOE B TOUKAX OT,=T,
T. e. upn R=2/=. [lociennee paBeHCTBO €CTh YpaBHEHHE OKPYKHOCTH,
Ha KOTOPO# JeKaT Toukm mepexofa. Ecam oty <=~ opm mobux 3,
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T. e. ecnm kl < =, TO XapaKkTepHCTHKA HANDABAEHHOCTHE IpE BCex
3HaYeHMAX YIJIA MMEeT TO /e BHIpAEHUe, KaK H [JIA CTAMOHAPHOTO
pexnMa. I'eoMeTpHIecKn 3To BEIpasKaeTCA B TOM, 9TO XapaKTePHCTHKA

R— sin wt,/2
HalpaBJieHHOCTH A = TN N0JHOCTBIO (1e/KUT BHE OKPYMKHOCTH

R =2/r, ue mnepecexasch ¢ meit. Ha puc. 49 mnocrpoenn rpadurn
XapaKkTePHCTHK HanpasaIeHHoct# mo gopmyaam (19.10).

§ 20. Ilaposrie amTeHAB

CymecTByer 0cofmii KiIacc 3BYKOBBHIX aHTeHH, IS KOTOPOTO BO-
OpOCH HAUPABJEHHOCTH PEmAITCA mPOme. ITOT KIACC aHTeHH o6ia-
naeT BoOOMe OYeHb MHTEPECHHIMH CBOHCTBAME, B MH DAcCMOTDEM HX
MOBONBHO TOXPOOHO. Pedb mueT 0 Tak HAa3HBAGMBIX IMAPOBHIX AHTEH-
nax. OfHaKo 37ech MONpa3yMeBAETCA HE HEMpepHBHASA IPyIma ¢ pac-
TpefeJNeHneM HCTOYHEKOB II0 cdepe, KOTOpas yHOMHHAJNACH PAHBIIE
(§ 15, 6) m na1a KoTOPOIL cepa ABISAELTCA NAITH reOMETPIIECKIAM MECTOM
ncrounukoB. [log mapoBodl amreHHOH ME 6ymeM Temeph HOHAMATH
MaTepPHAJbHEIH Map, MOBEPXHOCTH KOTOPOTO MOKET OLpeleleHHHM
o6pasom nedopmmpoBarses. [Ipocreiimuit npmmep TaKoro poga aETEHRER
MBI yke mMeJH — 3TO «nyxuymuity map (§ 18). Kak mu ceitvac ysu-
OMM, (IYXHYyM@E#» Map OPHHAAIEKAT HETEPECYINEMY HaAC KIacey
aHTeHH W ABJIAETCS MJIAJIIEM TJIEHOM HEKOTOPOIO CeMeHCTBA.

Ilycre mam map HagadBHOrO pajmyca 4, W OYCTh 3aZaHO KaKoe
YrogHO pacupefelleHde Pag@ajJbHOR CKODPOCTH HA €ro IOBePXHOCTH.
(Pews maeT wMeHHO 0 PafAANbHON CKOPOCTH, T. €. 0 HOPMAJBHOR K I0-
BEepXHOCTH IIapa COCTaBISOIeH CKOPOCTH, TAK KAK fICHO, 9TO Kaca-
TEJIbHEE COCTABIAININE W3IYYSHUS HE NPOU3BOIAT.) 3aqada COCTOHT
B HAXOKICHHM LOTEHIWANa, CO3NABAEMOro IMapoM OPH TAKHX YCIO-
BHAX.

OGmuit Meroy penieHus 3TOH 3aaTH COCTOUT B TOM, ITO MEI COCTaB-
JIfeM BOJHOBOE ypaBHeHHe B CPepEYECKEX KOODPHHHATAX H HAXOTHM
ero ofmee pemeEne, BRPa’KeHHOE PATIOM IO chepudecKuM QYHRKIHAM.
3areM MB HAXORWM DAfHAIBHYI) CKOPOCTH KaK

v, = —0dp/0r

1, HAaKOHeI[, MCOOJb3yeM TPAHHYHOEe YCIOBHE, COCTOAIEe B TOM, 9TO
Ha IOBEPXHOCTH INapa, T. e. OPH r=a, PafHaIbHAS CKOPOCTh JOJKHA
pasuAThCA 3amanmod. Ilpm aTOM CKOPOCTE HA MOBEPXHOCTE IIapa
TaK)Ke KOMKHA OLITH MpeAcTaBieHa PasioMeHWeM B PAX mo cpepmde-
ckuM QyEKRnmAM. Mbl orpaHmdmMCs pacCcMOTpEeHmeM ClIydas 0CeBOH
CHMMETDUH MO, & CIeOBATENBHO, I PACHpeNeNleHHA CKOPOCTH Ha O~
BePXHOCTH Iiapa. B aToM wacTHOM ciydae cdepumieckme QyEKOEM
obmero Buga S, BHPOMKAAOTCA B OpocThe HonmHomu Jleskampmpa
P, (cos 9). Bupaenme [IA CKOPOCTE HA NOBEPXHOCTH IIapa MOXET
OHITHL 3aOMCAHO B BHAE

v, = 2 a,P, (cos §), (20.1)
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a MOTEHIIMaJl B NOJieé aHTEHHBI

e o)

=.5— T : a,P, (cos 9).
R

(20.2)

3necs f, u F,— nonwromu, Beegennsie Croxcom. Herpymmo mony-
9HTH (20 1) 73 (20. 2), ecnu maiitu

v, = —0¢/0r,

NOJIOKHTh 7'==a ¥ BOCIOJIB30BaThCA CYymecTBylommuM Mexay f, u F_

COOTHOIIEHHEM

(1 +2)1,(2) —2f,(2) =F, ().

Hanomnum BHPpaKeHusA JeXaHAPOBHX H CTOKCOBHIX INOJUHOMOB,

230

HToauromvt Jlexandpa
Py () =1 [u = cos 9],
P (p)=w
1
P, (1) =5 (3p2—1),

Py (1) = 5 (503 — 3p),
P, (1) = 5 (35u* — 30p3 4 3),
Py (1) =5 (63p5 — 70u3 4 15p),

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

Hounomvr Cmokca f,(z)
o (5) =1,

LE=1+1,
fm=1+3+§.
LE)=1+ 1+t

f(@)=1+ 2100 10
&m=«+—+?+?+§+



foaunomt Cmorca F, (z)
FO (2)=z+41,

Fie)=z+242,
N 9 9
Pz(z)=Z+4+7+;;,

60

27 60
Fo@)=z4+7+214+ 34+ 8

3 65 , 240 , 525 5
Fis)=z 11220, 5%, 5B

135 |, 735 | 2625 , 5670 , 5670
Fy(z)=2416 +‘f)+3—2+7+7+%,

® e e e e e e s e . e 8 e e s e e e e e @

Temeps o6parmMea K eme Gollee CHeNEaNbHOMY CIYYal0: IPEIOI0-
KAM, 9T0 pacupefeseHde PagEalbHOR CKOPOCTH IO MAPY BHPAKAeTCA
OHAM-eAMHCTBEHALIM WIEHOM Pa3/Io’KeHHA M0 moJdmHOMaM Jleskanmpa,
T. €. 0yCTh

v, = P(p). (20.3)

AHTEeHHY ¢ TAKHM pachnpefieleHHEeM CKOPOCTH GyaeM Ha3HBaTh OCHOS-
HOU anmenrol n-20 nopsadka. CosnaBaeMuil €10 IOTEHOEAI

___ a2 pTR o, (prie)
$="¢  Fipaj) L (20.4)

U3 comocrasmenma (20.3) m (20.4) BmTexaer sakaoueHHE O Cle-
AyIOIIeM 3aMedaTeJbHOM CBOHCTBE OCHOBHHX AHTEHH:

8ABUCUMOCTND NOMEHYUANA 6 NOAE OCHOSHOU GHMEHHY OMm Y2080l
KoopOunamy eupascaemca mol xe canoil pynxyueti P (¢)=P, (cos 9),
Kaxol gulpaxcaemes pacnpedeserue paduasbHoll cKOPOCMU HA nogepz-
HOCMU QHMEHHW.

IT0 moJOKEeHHEe WMeeT CHIY He3aBHCHMO OT XapaKTepa CHrHAajIa.
Bce npuBenennsie Bume GOopMYIH IpefOONarfiOT E3MEEEHAE PASHAAIb-
HOA CKOPOCTH BO BPEMEHH IO 3aKOHY o, (f). [na BosMymenus Gonee
C0KHOM (PopMH B Hamm HOPMYJH BOILIO OH €ME B KAIeCTBE COMHO-
KuTena m300paykeHHe COOTBETCTBYIOMEH (YHKIME BPEMEHH, HO 3TO
m306pakenne He 3aBrceno 65 o §. CieoBaTeIbHO, OCHOBHNE AHTEHHE!
06NafaloT emie OJHWM, HE MeHee IPEMeJaTeNbHHM CBOHCTBOM:

CUZHAA 8 NOAe OCHOBHOLL GHMEHHB KA OAHHOM DACCMOAHUL Om Hee
He usmensem ceoell HOpMbL 8 3ABUCUMOCMU OM Y2a08020 NOLOHCEHUS
mouky HabAwleHus.

Komeuno, 06a yKa3aHHHIX CBOMCTBA HE SABIAIOTCA HE33aBHCHMBLIMU
APYT OT APYra; TO mPOCTO JiBé Pa3HEe (OPMYIHPOBKE ANA 00mMEX
3aKOHOMEDHOCTE#, OPHCYIIEX OCHOBHEIM AHTEHHAM.
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Ho ecnm curnaht coxpanser ¢opMmy ¥ JHIUb UBMEHsHET B 3abuéii-
MOCTH OT HAIpABJeHUA HA TOUKY HAaGIIONEHUA CBOK BEJIMUMHY, TO Ha-
IpaBICHHOCTb AHTEHHBI MOKET OHITH BIOJIHE OXaPAKTEPHB30BAHA efuH-
CTBeHHHM 06pAas0M [IS BCeX CHTHANOB, [AJA BCEX PEXMEMOB H VA BCex
paccrosiamit. s 8TOr0 MBl COCTaBJIseM OOBIYHOE BBHIPAKEHHE A
HOPMEpPOBAHHOR XapAKTePUCTURKM HALPABICHHOCTH

R®)=|eM)/e O], (20. 5)

n=0
Pmec. 50
m Taxk Kax P, (1)=1, To yEmBepcanbHaA XapaKTePUCTUKA HALPABJIEH-

HOCTH OCHOBHO# aHTEHHHI n-T0 HOPAAKA BRPaKAeTCH IIPOCTO abCOIIOT-
HHM 3HaYeHZEM IONEHOMA JIeRaHmpa

R (%) =P, (cos d)|.

Heo6xogmmo moT4epKHYTH, 9TO OCHOBHBIE ITAPOBHIE AHTEHHBEI —
eIMHCTBEHHLIA HM3BECTHBIA KJIAaCC AHTEHH, [JA KOTODHIX BO3MOKHO
BBeJleHAE YHHBEDPCANbHHX XapaKTePHCTUK HANPABIEHHOCTH. JIerko

TN 0004

Puc. 31

y0Oea@Tsca, 9T0 00MmMAad MAapoBas AHTEHHA MONOGHKM CBOHCTBOM He 06-
anapaer. lle#icrBmrensHo, ¢gopmyna (20. 4) moxaswBaer, 9TO DOTeH-
nmaJ BHpakaeTcss B obmem clIydae CYMMON HpOUW3BENeHmit, xadxcdoe
W3 KOTODHIX 3aBHCHT KaX OT 2, TAK H OT §; MHATE FOBOPA, TAKYIO CyMMY
HEeJb3A LPENCTABATHL B BHJe HIPOCTOT0 IPOM3BENEHMA NBYX QYHKIHUIA,
O3 KOTOPHIX OfHA 3aBHECHT TOJBKO OT P, a APYras — TOIABKo OT 9.
CnemoBaresibHO, B 3aBHCEMOCTH OT HANPABJIEHHSA HA TOYKY Habirofe-
HAA GyfeT MEHATHCA W MHTEHCHBHOCTH W (OpMa CHTHAJA, H, CIeJ0Ba-
TEJAbHO, BBeJEHHE YHHBEPCAJbHON XaPaKTEPHCTHKU HAIDPABICHHOCTH
ZellaeTCA HEBO3MOKHEIM.

Hlna marnangsocTs BEX AeOPMEPOBAHHON IOBEPXHOCTH MapOBOH
AHTEHHH H COOTBETCTBYIOINEE XapaKTePHCTHKA HANPABICHHOCTH IOKA-
3amH Ha puc. 50 m 51, roe B cymmoCTHE mpefcTaBiens rpadmKE OTHEON
u Toi ke pynxnun P, (cos 9) B monspHKIX KoopamAaTaX, HO Ha puC. D0
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ora QYHKUMA HAJOJKeHa HA OKPY/KHOCTH, usobpaiamyn mee-
GopMupoBaHubIA 1wWap, a Ha puc. 51 abcomoTuoe 3Haveume TOH e
QYHKIMK OTIOMEHO OT LEHTPA BHOJNb PagUyca-BeKTOPa.

OcHoBHasg aHTeHHA HYJIEBOTO HOPANKA — BTO ¢IIyXHYMWi» wmIap,
9KBUBAJIEHTHHA TOIEYHOMY HCTOUHMKY. AHTEHHA DEPBOTO DOPALKA —
cMeAIUACA 1Iap, OSKBMBANEHTHHIH [JANONI0. AHTEHHH BHCIIHAX
HOPAKOB 5KBUBAJEHTHH COOTBETCTBYIOINUM MyabTEmoaaM. OTMeTuM,
4TO HA OOBEPXHOCTH OCHOBHHEIX AHTeHH O0pAa3yoTCA Y3J0BHE JUHUH,
9UCJIO KOTOPHIX PABHO DOPANKY aHTeHHS!. [[Jg OUEHKHM HANPABIEHHLIX
CBOMCTB OCHOBHBIX AHTEHH MOTYT OKAa3aThCHA MOJE3HLIMU HEKOTOpHE
npubiamxennse popmynsl. Tak, HanpuMep, M3BECTHO ACHMITOTHYEC KOE
BhIpaKeHMe MmoNmuoMoB Jle:kaumpa Aas Gojbliux n

P, () ~ ]/;——f_%—; sin [(n + %) g -ﬂ (20, 8)

IlepBeii KopeHb 3TOrO BHPAKEHHSA OHpPEJENseT TPAHULE TJIABHOTO

MAaKCHMyMa; OH BIIACHIBAETCA B KOHYC C YIIOM IIDH BeplOouue
3

4n 4-2°

9, = (20.7)

Has n=4, naopumep, $,=30° sr0 3HaueHHe OTIMIAETCA OT TOYHOTO
oprmepro Ha 0,5°; ¢ MoBHIIIEHHEM IOPALKA NPAGIMKEHRE Yy IIAeTCH.
Urobn omeHUTs BeAUIAHY HOGABOIHBIX MAKCHMYMOB (GOKOBRIX Je-
[EeCTKOB), MOKHO BOCLOJB30BATHCA APYToil u3BecTHOH GopMyJloi,
jamineir 3HaYeHME OONMHOMA Jle)aHapa dETHOTO OOPAAKA HPH
$=90° (monMHOMH HEYETHHIX MOPSAAKOB PABHLL OPHM ITOM 3HAYEHHH &
HYJTI0)

1.3.5...2n~—1
|P2n(0)|= 2-4-6.€.2n ) . (208)
IIpoctare dopmynn (20.7) m (20.8) Do3BONAIT cHenaTh GHICTPYIO M
rpy0yio OLEHKY HANPABIEHHBIX CBOXCTB aHTEHHBI.

VYxasewM eme J[Ba CBORCTBA WAPOBHIX AHTEHH, BEITEKAIOIIHE U3 OPTO-
roHajbHOCTH moamHoMoB Jlesannmpa. Bo-mepBHX, KJIA OCHOBHHX
aHTEHNH BCEX MOPANKOB (Kpome HyldeBoro) o6bheMHas CKOPOCTH PaBHA
HYJI0, T. €. npu Hedopmanmy 1map He m3MeHseT cBoero obzema. [loka-
AeM 570, JueMeHT 00beMHOU CKOPOCTH

du= Uad S ,
o
v, =",P, (cos B),

Te U, — pPajmaxbHasg CKOPOCTh, 3afaHHAA Kak QyHknua ¢ (mim p).
Hanee, siemMedaT MOBEPXHOCTH LIapa

dS = 2ra? sin ¥ d%.
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[epexoasn & mepementioit ©--cosd, momy-
qaem

\_\\__1
AN
-« <

+-1

u=2na%, | P,(w)dp=

-1
// ( +1

%‘ g == 2ma’v, S P, () P () dp =0
\ 27 -1

1

/|
il nas Beex n=£0. [pm n=0 wunrerpax
< \q\\/ 7 —10  pasen jByM u
w n = 4na’v,.
<

N

\.\l OT/[€JIBHBIMA OCHOBHEIME COCTABIAIOIIUMH.
= 3aiiMemca Temeph HEYCTAHOBUBIIMMCS
PEKUMOM OCHOBHKIX AHTEHH. YIPOCTUM
Pue. 52 CBOI0 3a7a49y, OrpPAHUYMBIIUCH DPACCMOT-
peHHeM 33KOHA U3MEHeHMA IOTeHImaJja
Ha BeChMa GOJBIIOM PACCTOAHMH OT aHTeHHHL. [Ipn r— oo f, (Pr/c) — 1.
Tarny o6paszom, HoTeunua:l Ha OONBIIMX DACCTOAHUAX BHIPa:KaeTcs

fonee mpocroit mo cpasmenmio ¢ (20. 4) dopmymnoit:

_—
~L~\°\
o

\I 3aTeJqbCTBA), MIA O00mel IIapoBoit am-

TeHHH U3JydYaeMas MOIMHOCTH (WIH SHep-
rus) IpefcTaBisgerca IPOCTOHE CyMMoi
MolgHocTell (MmN OHEPTmi), WBMYIAEMEIX

N( Bo-sropnix (3T0 MBI OCTaBUM 6e3 MoKa-

_ a2 —p :; 1
c‘o:T—Pn(p)e F—m. (20 Q)

B 270M BhipaskeHUM NEPBHE MIO:KMTEND 3aBMCUT TOJBKO OT pasMepa
SHTEHHH ¥ KOODAWHAT TOYKH HAONIOAeHWA, BTOPOX XapaKTepmayer
3allasgHBAHUE BO3MYIEHUA H, HAKOHEIN, TOJIBKO TPETHH MHOKHUTENb
CONePsKUT HHTEPECYIOIIYI0 HAC XaPAKTePACTHRY QOPMEI CUTHAJIA B BULE
ee m3o0paskernsn. Ham gYKHO, cTalNo OHTH, HAHTH OPHIUHAM, COOTBET-

CTByIOLIUH M300payKeHUI0 Hdns 3TOr0 MOMHO BOCIONB30-

F, (pajc) *
BaThca (Qopmynonn XeBucaifa, 970 TpeOyeT HAXOMKISHUS KOpPHEH
crokcoBa monmHOMa F, (). 3HadeRmA KoOpHOH MAHK B HIDKecie-
nywomeir Tabamne, a rpaduYecKas HHATEPIPETAUWA DTOMR TaGAUIEI —
Ha puc. 2.

Ham ygoGuee Oymer omepupoBaTh Jajblie BCIIOMOTATEIbHBIMHE
HONTAHOMAME

q)n (Z) = ann (Z)’

AMEIMUMHA, OYeBHAHO, Te e KopEm, 310 M F, (z). Yucao xopmei
ni
nonuromoB F, m @, Ba equanny Gonsime mX mopsAmKa.
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Kopuu crokcoBnix noaunomos F, (z)

n 2] 22 2y %4 % g
0 —1,00 - — — — —
1 —1,00 + — 1,00 — — — — —
-+ 1,00 —7 1,00
2 —1,78 —1,11 4+ —1,11 — — — —
471,95 — 71,95
3 —1,20 4 —1,20 — —2,30 + | —=2,30 —
-4-7 2,90 — 729 47089 | --j 089
4 - 3,05 —1,28 + —1,28 — | -=2,70 4| -2,70 — —
+j 3,86 — 386 |-RjLTT | -7
5 —1,35 -+ —1,35 — —3,02 4+ | —-3,02—|—-3863+]—3,63—
+ 4,81 —j 4,81 +7268 |—j268 |4+;7091]—7001

Tenmeps Mbl MOKeM 3aOMCATH HA OCHOBAaHUME GopMmyanl XesBucaiuia
IJA MOTeHLHANa, KaK QYHKINA BDEMEHH, OTCIMTAHHOLO OT MOMENTa
OPUXO0a BO3MYLIEHHA B TOUKY HabJIofeHMsA

n41
9 1 n-1_zrctfa
P = ir— Pn (P,) [Fﬂ (0) + 2 Zk(p:(z,‘) ] . (20. '10)
k=1

Ilus maBaeHHA HOJYIHM HECKOJBLKO Gojee mpocTyio GopMmyny

n_spolia
Zke *

n+1
0"
P=Pod—f‘=w‘,‘f‘Pn(P)k2W. (20.11)
=1

O6o3magadg cyMMy depes

_ ct pajc
b () =l () 7oy

MOJYyYMM, DONCTABIAA 3HAYEHUA KOPHEH U BHIIOJHAA BLITHCIEHHA
ho (tl) = €'t',
hy(t')=e* (cos t/ — sin t')

e s s e e & = e + e o

T'padmrm a1Ex GyHKIHIE 10 4-T0O HOPANIKA OPEACTABIGHE HA PHC. 53.
ITr rpadEKE MOKa3HBAKT, YTO B HAYAJbHHN MOMEHT (B MOMEHT LpH-
XOfa BO3MYMEHHA B TOUKY HaGIOIeHHA) [aBJCHHEe H3MEHAGTCA CKad-

a
KOM OT HYJA J0 3HAYeHWA wTPn (») (npm ckOpoCTM Ha MOBEPXHOCTU
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AaHTEHHB!, PABHON eIWHUIE) He3a-
BUCHMO OT IIOPAAKA AHTEHHEI.
B manpueiiiem naBienue cuagaer,
U IIPUTOM TeM BhICTpee, IeM BhIIe
nopAnOK aHTeHHSI. [[JA aHTeHHH
HYJEeBOr0  IOpAAKA HaBJIEHUE

\\
N
=] CUajaer MOHOTOHHO, JIA anu-
KOB M3MEHEHHE MNaBJEHHsA HNMeer

" TEeHH ke 0o0Jiee BHICOKHX nopsana-

W

05 T 5 ; KoJebaTeNbHEIH XapakTep, Npu-
05 ' ’ £ geM komeGamus BEIDAsKEHH TeM
Pue. 53 pesde, deM BHINE IOPAXOK an-

TEHHEHI.

MoKEO JOBOJBHO IIPOCTO ONpPEeNeqATh HAKJIOH rpaduKa B Hadale,

1. e. ckopocth y6nBanusa gaBuaenus npu ¢=0. [[aa srtoro gocrarodno
BOCIIOJB30BATLCA TeM 00CTOATETIBCTBOM, 4TO €CJHI

J @)+ (1),
TO
hm (@) =1lim f (p).

pro

Hac uuTepecyeT CKOpOCTH M3MEHEHMS NABIEHUA, T. . HUPOM3BOJ-
Hag no BpeMeny ¢yuxuun A (ct/a). Mu mmeem

L (L)t (v ) _ (” >m

dt a a a
(o) n(eg)

nian

OrpenuM B U300pakeHHH IENYI0 94CTh — OHA COOTBETCTBYET HAYallb-
HOMY CKAUKY
"2 22 — 20, (z)

5, Tt %e

Ucromoe smauenwe HAKIOHA XaeT ApoGHASA 9acThb TOTO BHIPAKEHMA.
Tax xar

q)n (Z) =z + anzn + LR + Qo5
TO NpU 2z —> OO HMeeM

B (Q)=—a,=— (1 + 2

* JT0 3HAYEHMe a, BHITEKAeT M3 OHOpeNeJeHMA CTOKCOBHIX HOJHHOMOB, OHO AAaHO
3ech 0ea BRIBOJA.
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Ha puc. 53 xacarexbune & kpusbiv b, (¢') npu ¢’ =0 oTMegens! mrpn-
XOM.

PaccMoTpuM B 3akNOYeHME COOTHOLIEHUA HA DOBEPXHOCTH aH-
TeHubl. MBIl umeen o6igee Bhipaskenue 18 u3obpakeAus naBieHUA
(mo gopmyie (20. 4)):

r—=u
a ~v— o { (pric)
=0, Pe =W —e ¢ ) — T . . .
P=rPy=15 P F e B 90 4y
!laBileHre Ha 10BEPXHOCTI luapa (r=a)

a
P £, (pajc)

P=WwP,[p) T, (paje)

(20. 13)
HMI

A 1 B Zfﬂ (z) ___z"an (z)

Pa = 5P, Pe = F, ) — %,02)

Kopau @, (z) HaM u3BECTHE, M MB MOMKEM CPa3y NPHMEHUTH (Op-
myay Xesucatiga

n-41 ,
Pt = 2 2f, (2x) €
n - D, (21) ’
KOTOpas aaer
Py (t) =€,

Py (t)=e*cos z,

Ouenr wmHTepeCHA CJIenylomas WHTEPUpETALdA COOTHOIIEeHMH
Ha MOBEPXHOCTH AHTEHHEK; BO3bMEM OTHOINEHWe NABJIEHHA K PafHaNb-
HOH CKOpOCTH
s =P, (1).

910 OTHOUIIeHHEe, NIPEeNCTaBAANMEee TaK Ha3nNBaeMoe yneJbHOe aKyCTH-
qeCKOe COOPOTHUBJIeHHE, HE 3aBHCHT OT YI‘JIOBOﬁ KOOpIAHMHATH

Nopadox Cxema flopador  Ciema
c/s I—C%
D S |
s, M 3 Mi
0 Mé §u' J 2;— -3— W
r c/7 /3

MM
50§
¢/3 9 o ¢

et %—41’4}”? § ?Egﬁ?g”

29 A. A. Xapkesudu, 7. | 337
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)
WEETYTEG)

BospMeM Temeph 00paTHYI0 BeTMYUHY
w __ F,(2)
3 s, (z)

¥ GygeM HeadTh YUMCIAMTENH HA 3HAMeHAaTedb. B pesyabrare nenexus
9TO BHPAyKEHHE CMOKeT OBITh OpPEeJCTABIEHO B BHAE HENPEPHIBHEIX
npobeit

v Ly,
30 z +
w 2 1
'3_—:7-}' 1 ’
1
7 T
w 3 1
g=?+3 T
T3
— 41
w 4 1
z + 3 1
T+
w 5 1
§—7+7 1 ’
7173 1
TTI T
z+

Jlerko momoGpaTh SMEKTPHIECKEE CXEMEI, MPOBOLAMOCTS KOTOPHIX
Bhpaaerca ¢opmynamm, amanormumeimm (20. 14). Takme cxemu,
ABIAIOMEECH OKBEBAICHTHHMHE CXEMAMH [JIA AHTeHH pasIHTHEIX
IOPAXKOB (C TOYKH 3DEHMA COOTHOIIEHWH MKy NaBIEHHEM M CKO-
POCTBIO HA WX MOBEPXHOCTH), m306paieHE Ha pmc. 54. Ilapamerps,
0603HaYeHHEE Ha CXMAX, TAKOBH: )/ — MHIYKTHBHOCTD, IHCIEHHO pas-
Haf Macce Cpefibl B NANAHAPE NIHHOR @ M CeYeHHEM, DABHEIM e HAMIE;
C —eMKOCTB, THCIEHRO PaBHAA IAGKOCTH CPEHL B TAKOM JKe OAIEHTDE.
IIpm Taxom BrGOpe mapaMerpoB cxema m3o6pakaeT ABICHHS HA mo-
BEPXHOCTH aHTEHHH CIIEYIOMEM 06Da3oM: eCiH 3aKaTh BXOJHOH TOK,
H3MEHAIMAACA O 3aKOHY

/=Py () oy (1),
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TO HADPAMKEHRME HA BAKUMAX CXeMn OyieT YuC/eHHO pPaBHHIM JaBie-

HUI0 B JaHHOH TOYKe IMOBEPXHOCTH MIapa u 0yIeT BOCHDPOM3BOAATH €ro
U3MEHEHHE BO BPEMEHH.

§ 21. Pynoopnt

PynopoMm HassiBaeTcsi BOJHOBOJ B (OpPME PACWUPAIOUIEHAC TPYOhl.
Mbr paccMOTPHEM HeyCTAHOBHBINWECS BOJHOBLIE SIBIEHHA B pyOoopax,
OCHOBLIBasICh Ha NPHOIAKEHHOH TEOPUH, HPHEMEHAEMOR 10 HACTOA-
wero Bpemenu. CoriacHo 3To¥ TEOPHM mpeano:araercs, 4T0 LOTEH-
@A 3aBUCHT TOJNBKO OT OJHOM KOODJUHATH, OTCHUTHIBAEMOH BHOAL
ocu pymopa. Mnage romops, npefmonaraerca. uro B Jio6oM cedeHun
pynopa DHOTeHUHald ONUHAKOB.

B pesyasraTe Takoro (g0BOJNIbHO rpy6oro) npe;lnONIOAREHHH ypaB-
HEHUe BOJHHEL B pyOope CBOAMTCA K OJHOMEDHOMY YPaBHEHHIO CJEYIO-
mero BHUAA:

0% S’ dp 1 0% .

JT0 ypaBHEHHME OTJMIAETCA OT OOBIIHOTO YPaBHEHHS IIOCKOHE BOJIHBL
HAJIMIEEM BTOPOro WieHa, COfeps;kamero 0¢/dr. JTOT dMeH Xapakre-
puayer yOnBaHEe NOTEHIHAJa BCIEACTBEE DACXO:KIEHHA BOJHBL.
Yepes S o603nagena 3aBuCAMAasn 0T KOOPAMHATH Z NJoWagh Tomeped-
HOTO CeYeHHs Pymopa, Tak 9TO
as
—_ | —
S =8 (z), §=—.

Pemenne ypasuenua (21. 1) 3aBmcar, pasymeercs, oT Bufia QyHK-
uun S (z). Mb orpaEmamMca paccMoTperreM Haubonee u3BECTHOTO Ce-
MeiicTBA TaK HA3HBAaeMEIX CTENEHHHX DPYIOPOB, IJA KOTODBIX

§=uaz¥.
Hcmonsaysa aTy 3aBECHMOCTH, HOIYYHM ypaBHEHHe CTeNEHHHX Pymo-
poB B BHJE
g 2 1 94
Pop 2 L2 0. (21.2)

0z2 € "o
IlepBoe maoGpakenme ypaBuenms (21.2) Gymer
¥+ 2e—p o= (21.3)

TpamgmouoHHEE TpHEM DPEMeHHs YDPABHEHHsA COCTOMT B TOM, HTO
NOJICTAHOBKOM
y=2%a" '

mpumeoaar (21. 3) k ypasuenuio Beccena. 113 ancaa BosmoztHbX peine-
uEii BHOGMpPAOT pelleHme, BHPaKaeMoe B XaHKeIeBHX QYHKIUAX.
OrpaHnYmBagCcH NEIHIMH 7, MOKHO BHDA3HTh 3aTeM DemeHHe B dJe-
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MEHTapHBIX GYHRIUAX, NOAB3YACH GopMyTaMu JiisA GecceneBbix GyHi-

1@, DOPASOK KOTOPHIX BBIPA/KAETCA LEJBIM YUCIOM C IOJOBUHOH.
Mur BOCIONIB3yeMCH ApYruM OpueMoM. DBymeM uCKaTe pemeHune

IJS BOJHH, [BIDKYINENCHS B CTOPOHY IOJNOYKHTENbHBIX Z, B BHAEC

¢ = A, (pz/c)™" er=lf (pz/c), (21.4)
roe A, — MOCTOAHHAA, & f — HeM3BECTHAsA NOKA QYHKIUA. MMoacrasus
(21. 4) B (21. 3), nonyumm

"__ /__”'(”'_1) . 91 &

Vpasuerme (21.5) ompenexser ¢yuxmumio f. OxasbiBaercd, 410 ara
DyHKIAA ecTh HE 9TO EHOE, KAK y;Ke u3BeCTHBIA HaM Hoauuom Crokca
(cM. mpemmmymmit naparpad). Pemenmem ypasuenus (21. 5) aBuserca
CTOKCOB HOJMHOM mopapgxa n—1; TakaM obpasoM, Ana m3obpakeHus
MOTeHIMAJA B PyHOpe MOPAAKA 7 MEL HMeeM

3, =4, (pzfc) e, (pafc). (21.8)

Hac murepecyer, KOHeTHO, CpaBHEHHE PYNOPOB Pa3JIMIHBIX CTENEHEIR,
Ho mna toro 4ToGe TaKoe CpaBHEHHE UMEJNO CMEICI, HYKHO NPUBECTH
BCe CEeMEHACTBO K HEKOTOPHIM COrJIACOBAHHKIM pasMepaM. 9TO0 MOKHO
CHeNaTh cleNyomuM 06pa3oM: BEIpE;KEM OTPE3KH PYIOPOB IJIUMHOR [
u notpebyeM, 4TOOH MIIOMIANH CeIeHUE B Havajle X KOHIE STHX OTPE3-
KOB ObIX OQWHAKOBH [JIsA BCEX PYIOPOB, T. €. HYCTh

a,x =S, a,(z,+ =S8,

Orcrona MO:xHO HaliTH a, U 2,

! l So oo 2n
x—-——-—————:-, " /S S—-‘i —_—
—mrm T a=mSE- =

SO e \2« . -
e = SO('—> . (21 I)
" l

[IpenensBEIM WNeHOM CeMEHCTBA CTENEHHHIX PYHNOPOB ABJIAETCH, KAK
H3BECTHO, DKCIOHEHIHAJBHHIN pymop

S = S,e™.

Boanosoe YpaBHEHHE [JA SKCHOHEHIHWAJBHOrO pymopa IPHUHMMAET
BUJ

¢+ mp' — B o—0. (21.8)

970 06HYIHOE ypaBHEHEE C IOCTOAHHBIME Kod(hmumenrtamm; ero pe-

meHne (4J0A BONHE, Gerymeidl B OJHOM HATDABIEHHUH,— B CTOPOHY
IIOJIOHATENBHEIX Z)

= A, el-me—VmTitre)s, (21.9)

-6
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[lna Toro urobm coraacoBaTh 0TpPe3oK

DKCIOHEHIIMANBHOTO pPYLHOPa C OTPe3KaMU Sw,xl/
CTEMeHHHIX, HY/KHO IOJOKHATH (n=1) \
- mi
Sl = Soe S=a,z¢ /
unu 2
S (n=2) \
l
m = ]n
0
Seqgzf| ___—
Odgepranus oTpeskoB pymopoB C COrTa-  (,l3) \
COBAHHHIMH pasMepaMu U300paskeHnl Ha
pme. 55. A
Tenepr M MOKeM LPHECTYOHETH HEIO- S'Sgemﬁ
CPEICTBEHHO K HAIeMy MCCIENOBAHMIO. !

Ilpe;kpe BCero BLIACHEM, KAk M3Me-
HAercA (opMa MMOYJIbca NIPU PACHPOCTpPa-
HeHWH BOJNEL pymopa HA IpPOTAKeAWM or- FPHe. 55
peska pmamuoit [? HamomuuM, 4ro MH He
VYATHIBaeM OTPA)KEHHA OT KOHIA PYIOpa M pPaccMaTpPUBaeM TOJLKO
npaMyo Bonay. ITomoskmm, 9To B HavampuoM cedeHunm S, 3aKaHO
Bo3MymeHme B dopme equHUINON (YHKUMAU

Py = G(t)<——=1.
OmnpenenuB mpu IOMOIIE 3TOTO YCIOBuA mOCTOAHHYIO A, B dopMmyie
(21. 6) — maa sroro B (21. 6) HY/KHO NONOKUTH Z= xo, — MOAYIAM
A cedeHusa S; ¢ KOOPAUHATOR I,
8= (ol evive L (PHI) (21.10)

ln—l (eIO/C)
3armeTHM Opeskie BCero, 4TO HEePBEIA MHOMUTEND

(zol2))" = VSl S,

€CTh BeNHMYHHA, NOCTOAHHAA A BCEX CTENEHHHX PYHOPOB. IJTOT
MHOJKHTENb, MEHBIIEA eNuHMIB, XapakTepE3yeT YOHBaHWE HOTEH-
n@ala 3a C4eT PACXOKAEHUA BOJHEI BCJEACTBHE yBelwdeHUsA CedeHus
BOJIHOBOA. BTOpPOI MHOKHTENb BHIPa;KAeT 3aNasfhlBaHUE BO3MYIIe-
HEA, OPUXOAAMEro B cedeHme S,, Ha BpeMs Tpo6era BOJHH BIOJH
OTpe3Ka pymopa. JTO Bpems paBHO, o4eBuAaHO, l/c. Taxmm obpasom,
ZHTEPECYIOMAs HAC 3aBUCHMOCTH 3aKII0TEHa B TPETheM MHOJRMTENeE,
KOTOPHM MH u 3aiMemcsa. (19 pasnu9sbiX 3padenuii n, MoAcTaBAAA
COOTBETCTBYIOIIHE BHPAKEIMA CTOKCOBHIX HOJAHOMOB, HOJNYIEM

_ o (pzy/e) —

177 1o (pzofe)

__ b(pzife) _ 14c/pzy

= T, (pzofc) T+ clpz

5. — fy (pzifc) __ 14 3c/pxy+ 3 (c/px;)?

Y37 fy (profe) T 14 3¢/pxo 3 (c/Pxo)2 *
) __
)

-G

-G
o

(21.11)

__ Ig(pmie) _ 14 6e/pz, 415 (¢fpz)2 + 15 (¢/pa)3
= Ty (pmofe) 1 be/pzo+ 15 (¢/p20)® + 15 (c/po)® °

-G
-
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Hast waxo:rgenus opurmHanos mocay:ut Gopmyna Xesucaiina;
HYKHO JHIIb 3HaTh KOPHH HDOJMHOMOB f,.

Mu umeenm
Kopun cToKcoBhX mOIHHOMOB f, (%)
n 23 29 23
1 —1,00 - —
2 —1,50 4 j 0,87 —1,50 —j 0,87 —
: —2,33 —1,84 471,75 —1,84—j 1,75

Ilpoussens BHuUHMCIeHUA, HalixeM

?1 =10y (2),
P = [%'I"(i - %) e“‘/’a] g (t),

Ps= {(%\)s ~+ e715etin [( —-;—?) cos 0,87 %_—
—1,73(1—22)" sin 0,87 % [k, (2),

{(’x‘—j)s+[1 B4 — 423204 4,55 C—? F 1,95 (;g)‘*] X (21.12)

Py =
X e“2'33"'/’o+[-—0,65 +4,23 32— 4,55 ( :-3)24-
40,95 (%*)3] e-18ieti%, o5 1,75 %-1-[_1,92 +
+2,25241,28(2) 1,60 (,_2)3] etttz sin 1,75 2} o, (1
T N

Jns saBepmeREs BHUMCIEHHH HYKXHO BHODaTh Kakoe-1m6o umc-
JIeHHOe 3HAYEHHe OTHOIICHHs BHIXOHOI'0 W BXOAHOTO cedenwmit. Ilycrs

Oyner
S,(S,=1600.

Beenem o6osmauenme ct/zy=ex, t=ct/l u cocTaBmM BemOMOTaTelh-
HYO Tabamaky:

n 1 2 3 4
xo/x, 0,025 0,158 0,282 0,398
e 39 5,32 2,42 1,51

342



Ilepenumem mpeprpymue GOpMYH ¢ YHMCISHHEIMH KospPHIHeHTAMH
¢1 =5 (%),
¢, = [0,158 + 0,842¢75:35"] g, (1),
¢; = 10,08 4 ¢73.657 (0,92 cos 2,12< — 0,87 sin 2,127)] 9, (=),
¢, = [0,064 4 0,566¢73:5¢* -

+ ¢7%:8% (0,37 cos 2,68t — 1,14 sin 2,681)] o, (<)

(21.13)

* e & e & o e e o e & s e e @ e o & e e e o o

B Takom Bmpe TH QOpMYJIH yiKe MOTYT GHTH MCOONB30BAHK AJAA MO~
crpoerns rpagmkoB. Hy:xHO TONBKO He 3a6HTH BOCCTAHOBHTL ONY-
IeHHOe P! BHBOJE 3aNA3LIBAHME; AJIS 3TOr0 IPH NOCTPOCHMH HYKHO
B 9TUX POpPMYNax mOApPasyMeBaTh apryMeHT He t, a <—1.

O6paTumcsi Temepb K SKCHOHEHIUANbHOMY pymopy. das mero
MBI EMeeM

§=emire * .

1 B aroM BHpaskeHNM TEePBHH MHOMKUTENH
e'"'“Z:\/SO/S,v
Ocraomuiica BTOPO# MHOMKHUTENb NepemmlueM, BBelsa 0003HadeHHe

ml/2=1,
& = e VIFP (IO, (21.14)

Ham HyKHO BaiTH OpUTHHANT 3TOr0 Bhpa)keH:msa. [is sToro meobxo-
EMO IPEMEHATH CUeNHalbHuH npueM. Mu Bocioab3yeMcsa OXHO#A roTo-
poit dopmynoit [3] m mocime mexoTophIx mpeoGpasoBaHME IpuBejeM
MCKOMHH pe3yJbTaT K BHAY

1y (Y2 1) i
o =1 xlg e dx)oo(. 1). (21. 15)

T

JdTa popMyila YIMTLIBAET 3aNA3NEIBAHUE, TAK KAK B OTJIHMYME OT CTENEH-
HHX DYHOPOB MHOMKUTEIb B H3obpaskenmu (21.14), Bupakamomui
3anasielBaHme, He oT/ejseTcd u He Obln Hamu onymeH. C Touxu 3pe-
HHAS YACTOTHHIX 3aBHCHMOCTeH 9TO 00CTOATENHCTBO yKas3hHBaeT Ha Ha-
nuame pmcuepcmu. Memoassya To ke umciennoe sgavenme S,/S,—
=1600, naitgem

r=3,7.

dyaxmuio (21. 15) DpEXORATCA BHIUCIATH IPAPAISCKEM METO10M.
PesynsTaTh Brraucienuit no opmynam (21. 13) m (21. 15) cBeenst
na rpaguxe pme. 56. W3 sroro rpadumka ciexyer, 9T0 KOHHIECKAR Py-
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» mop (n=1) coBepmeHHO HE HCKa-

o L " JKaeT  pacHpOCTPAHAIOWEroCs 10
o ! HeMy HUMIYyJibca U ABIAETCA, Cle-
b8t T 0BATEJbHO, MICAJBHLIM BOJHOBO-
g': TN T mom. Bce ocranbHbIe cTeneHHbIE Py-
0:2 \ \\_\ n=2 HOPHl BHOCAT UCKa)KeHUA TeM 0oab-
o L AN ;ﬁ mne. 9eM Gonbure n. VcKakenus
N IPOABIAIOTCA B TOM, ITO HOTEHIIAT,
3en mocturas B IeDPBHIH MOMEHT
1oaz oy 16 18 20 22 _Lzé (. e. B MOMEHT HpUOLITHA HMIYJIbCa
K BHIXOXHOMY CEYEHHI0) MaKCHUMaJb-

Puc. 56

HOr0 3HAYEHHA, OAUHAKOBOIO NJA
BceX PYIOPOB, yOmBaeT 3aTeM TeM
GuicTpee, geM Goubme n. Hamxymmwum ¢ 3TO# TOIKM 3peHUsA OKA3LI-
BaeTCA SKCIOHEHIUAJBUBIHA pPyuop. VarepecHo emje OTMETHTH, 9TO
C TeYeHMEM BPEMEHH [OTeHHHAall CTPEeMUTCHA K IOCTOANHOMY 3Hade-
HOIO, TeM MeEHblleMy, 4deM Goablue n. JT0 Tpegesnblioe 3HAYeHUEe
MOJKHO TaKKE€ PAcCMaTPUBATL KAK MEpPy HCK{KEHHA MMIIYJIbCA,

PaccMoTpHEM Temeph TO A€ CeMeMCTBO PYHmOPOB C IPYTOd TOYKM
3PeHHsA, a HMEHHO C TOYKHM 3DPEHHsA I[ePeXONHOr0 CONpPOTHBIEHHA.
Bomnpoc craBuTes ciemylomuMm 06pa3oM: HAa BXOXe OTpesKa pymopa
3a/{aeTCA ONMPENeJIeHHEI UMITYJIBC CKOPOCTH; MINEeTes GopMa BOSHHKAI0-
mero mMpy 3TOM EMIYIbca NaBIeHus. Peus uer o JaBienuy, BO3HAKAIO-
MeM B TOM e MeCTe, T. €. BO BXO[HOM cedeHun. TakuM o6pasoM, BOJIHO-
BHE CBOMCTBA pyOopa IPHW TAKOM MCCIEXOBAHMYM HEINOCPEICTBEHHO
HE 3aTPArEBAIOTCA; PYIOD PACCMATPUBAETCA KAK AKYCTHYECKHH ABYX-
NOJIOCHEK, ¥ PeYb HIET 0 CBOMCTBAX €ro KaK HArPYSKH A TOTO WIH
EHOTO H3JIydYaTelds. 3aMeTHM, 9TO 3TO €CTh KaK pas oOWdIHAA IpH
HCCIefoBAaHAA PYHOPOB MOCTAHOBKA BOIPOCA.

Ham ny:xkHO BafiTu BHpakeHHE IS JABIEHMA U JJIA CKOPOCTH.
U3 (21. 6) monygaem

D =pD% = A,0,D (Dz/C)" e °f w1 (D/C), (21.16)

x

» = —d¢/0z = A, 2 (pzjc)™e " °f, (pa]c). (21.17)

Pasgenus (21. 16) ma (21. 17), monydumm omepanmoHHOE BEHIparKeHHe
AJA AKYCTHIECKOTO CONPOTUBJIEHHSA DYIOPa B CEYEHHM C KOODHHHA-
TOH X

= P w1 (PT/E)

Ecau Mbl Teneps HafifieM OPHIEHAI JJIA 9TOTO MB06PAKeHHA, TO TOMY-
9uM (QYHKOUIO BpeMeHH, OPECTABIAKIYI0 H3MEHEHHe NABICHHA BO
BXOHOM CEYCHHH, €CIHA B TOM }Ke CeYeHUH 3a/laHa CKOPOCTh, H3MEHSAI0-
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WAACA MO 3aKOHY enuumino#t ¢ymkumu. [laa pasamaams n Oynen
UMeThb

) - —ct/x’

& =e“1»5°‘/%(cos 0,87 £—0,58 sin 0,87 )
w z, ) z, ’

(21.19)
%:0,436‘2’32“/% + e“1’84°"’°°(0,57 €os 1,759———0,54 sin1,75 ci)
zy z 4
UM, NPUBOAA STH (GOPMYIH K apryMeHty <= ct/l,
o/ =73,
3ao/w = €78 (cos 4,6t — 0,58 sin 4,67),
3a/w = 0,43¢75%% - =457 (0,57 cos 4,2t — 0,54 sin 4,21), (21.20)
O6paTmMcA K BSKCHOHEHOMAIBHOMY pYyOOPY.
Nz (21.9) momywaem
-z 1+1/1 +%\‘x
P=A4,p,Dpe Z( RLIN (21.21)
m ax
_ m P2 2 l+l/ 1+ )F .
v:Amf(l—‘—Vi—}—(—o{)e ( ) . L
— ~£-.= ____.2/—.0),‘___—_ 9
L B o e T (31.23)

Jas HaxXOK[IeHAS OPAIEHANA LHOCIELHET0 BHIPAKEHHS ChedaeM Ipen-
BapHTEIBHO HEKOTOPHeE IpeoGpasoBanusa. Y MHOKEM JUCIATENb ¥ 3HA-
MeHaTenb Ha

1— V1 4+ p?e}
910 macT

=—w

1—Vif e} (‘/1 + p2/«>£__w_k_)
Do Plwg p/*

IlepBrit unen B ckOGKAaX YMHOKMM M PasfenuM Ha

\/1 +p2/‘”§;’
Oy UM
. plok ©f __ Plox 9k 21. 24
3_w(vi'+' el T P Vit puel P)‘ (1.2

OpurzeazoM mepBOro 4ieHa sBiseTcs GecceneBa QyEKIEA HYIEBOTO
HOpAKA aprymMenTa ®,¢ (cM.TaGrmis roToBHX doprmyr). OpErEEaIoM
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BTOPOrO WieHa SBJIAETCH ABOMHOM mnTerpa Toi sxe GyHKNUE B 1upe-
nenax ot 0 mo o, 2. Tperuit unen umeer opurunajiom npocro w,t. Taknm
06pa3oM, ACKOMOe BEIpaKeHUEe HMeeT BHJ

u)kt

=T () + | | 1y (@) do— oy, (21. 25)
0

0

JTo BHpAaskeHHe HEYA00HO AJIA BEIYACIEHNH, a MOITOMY MBI BHIIOJHIM
HHTErpUPOBaHUE BO BTOPOM 4ieHe. BOCIONB30BABIIMCH M3BECTHLIMU
dopMynaMu, MOKEM TNpeNCTaBUTH JIBOXHOA wHTErpas B BHAE JIBOi-
HON CYMMBI

a T

S d'ﬂg Jy(o)ds =4 i i Loksinny (@42)-

0 0 k=0 §=0

Ho nmocnemusas cyMMa Jerko ynpomaeTcs W HPWBOJUTCA K BHALY

(e}

@ o
<
,‘2:“20 Takrir) (042) = Z nly, (0l).

narl

Ilocnennee BLpakeHme y:ke BIOJHE IPHCOJHO JJA BLITHCIEHMIH,
TaK KaK LPA He 0YeHb OONBIIMX 3HAYEHHAX apryMmenta pAX GeicTpo
CXOLUTCA.

ITo noBoRy 3KCIOHEHIHANBHOTO PYIIOpPA MHTEPECHO elle 3aMeTHUTh,
49T0 ¢ TeJeHHEeM BpEMEHH IIEepPeXOJHEIH mpONecC B HEM BHPOKIAETCA
B 3aTyXaloIiee CHEYCOMKANbHOE KojebaHme ¢ KPUTHIECKOH YacTOTOMA.
IT0 3aKI0ICHEE BHTEKAET M3 AaCUMITOTHIECKOro BEIPAIKEHHUA NJaA Gec-
cexeBod QyHKIEHE

- To(2), 0 ~ ng sin (z — %)

3amendsas
0, = At (’:3,71),

MO’KEM Temepb DOCTPOMTH I'PadHK mePeXONHHX CONPOTHBICHMI BCETo
cemeiictBa mo Qopmyram (21. 20) = (21. 25) (pmc. 57). Kax Buamo
m3 rpadpmka, CpaBHHTeNbHAs ONEHKA PA3IHYHHX PYIOPOB IO Iepe-
XONHOMY CONDOTHBIEHZIO IPHBOLAT
K o6paTHHM (IO CpaBHEHHI0O C Ope-
0 T RHAYIOEM) pe3yJsTaTaM, a HMEHHO:
HAMTY49mIAM OKAa3KBAETCA YKCIOHEH-

=074 OUaJbHHHA PyHop, HAHXYAMEM — KO-
HAYecKu#. Bosmumkaer, ecrecTsenHO,
n=2 BOIPOC O TOM, KAaKOMYy jKe pymopy
&S cueayeT OTHATH HpEANOYTEHNE B IpAK-
0 ! —4 2 rggeckux nmpuMememmax? Ho ms mpe-
OBITYINEro ACHO, YTO BOIPOC NOJydaer

Pumo. 57 B CMBICT H ONpEJEJeHHKH 0TBET Wb
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Opu YCAOBHH, 9TO MH OTIaeMm cefe OTYeT B Ha3HadeHuu U cmocobe
HCIONB30BaHEA pymopa.

Brupaxenne (21. 18) naa BxogHOro conpoTmBIEHHS CTEIEHHOIO
pynopa MODYCKaeT HHTEPECHYI MHTepuperauuto. MokHO mMokasaTh,
9TO JJIA CTOKCOBBHIX NOJNHHOMOB CILPABETHRO CIEIVIOUIEe PEKYpPpEHT-
HOE COOTHOIIEHHE:

fnls) 2=t | s (2)
fn—l (z)— 2 frhl (Z) ’

HocnenoBaTenbHo NPHMEHAA 3TO COOTHOLIEHHE, MOCM INPEICTABUTH
(21. 18) B Bune HempepnBHOHE Apobm

3 1 i
W fufpq 2n—1 1
pz/c tim—3

(21.26)

B u4acruocru,

ho_ ; t n=1 ZEUJS
w
pz/‘c+ C
b2 ! ,
w3 + 1 n=2 —";1 ws
pzxjc 1 1
pzjc + (21.28) ¢/3
33 — 1 <
v TS T T =3 B3 M3 Zws
pefe T 3 1
pz/fc i
pze 71 c/s5 L
- M3 M
" T X n=¥ 7 3 w§
3aMeTuM, 9TO 7 08

z

p—w:ppz:pM,
¢ ° p=s M3 M3y ws
©® pqc2 1 09 5

Puc. 58

rge M= p,x — Macca BOBAYXa, 3aKJIIO-
YeHHOT0 B IUJIMHApE BHCOTOM Z H IIO-
Majbi0 OCHOBAaHHWA, PaBHOW efmHEIE, a C=x/pc* — rubrocTs BO3-
IyXa B TOM :Ke IWIMHAPE.

Bee otz coormomernns # (21. 28) naoT HaMm OCHOBaH®e MPeJCTABATDH
BXOJ{HHE CONPOTHBIGHESA CTENEHHHIX DPYMOPOB BJIEKTPHISCKAME IKBH-
BaJeHTHEMHE CXeMaMJ B IyXe IMePBO CHCTEMHl 3JIEKTPOMEeXaHWIeCKUX
amagormit (pme. 58). Jlng BXOXHOIQ CONPOTHBICHHA IKCHOHEHIMANL-
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HOTO pPymOpa TakKike MOKeT GbTh IOCTPOeHA SKBMBAJIEHTHAS CXeMa,
uMemas Bup OECKOHEIHOro (MIbTPA BEPXHHUX dacToT (puc. 59).
OGo3HaveHHNe Ha CXeMe HapaMeTpH HMEHT Caefylolime 3HAYEHMA:

M=ypy/m, C=1/pc*m.

c ¢ ¢
T
O—ri_ - Puc. 59

§ 22. Ilpuem um m3nyuenme

Bonpocs mpmeMa u manydenusa moaywanT Hamboiee MOJIHOE OCBE-
IIeHNe, eCIH PACCMOTPETH 3aKOHOMEPHOCTH, CYIMECTBYIOMMUE B aKyCTH-
geckoit cucreme neperadu. llox cmeremoit mepemaum My GyneM MoHu-
MaTh COBOKYITHOCTD ABYX AUTEHH, KAYKIAA N3 KOTOPLIX MOKET BHITh KaK
H3JydYaTeNeM, TAK M NPHeMHUKOM. Peykmm cucreMul mepemadu Gymem
OTACHIBATH [P IIOMOINY BEJMYAI CpejiHero (1o MoBePXHOCTH aHTEHHbI)
maBIeHHA U 00BeMHOR cropoctd. Hy:kuHo mpusnath, 9To Tako# BLiGOp
mepeMeHHEIX OOGYCJIOBIMBAET HOBOJNBHO CYMIECTBEHHOE OTPAaHUYCHUE
obmuocru. [deno B ToM, 9T0, BHIGPAB MEPEMEHHBIE, MBI, €CTECTBEHHO,
OpefmoiaraeM, 9T0 HUM OAHA U3 HHUX HE SABIAETCA TOH{IECTBEHHBIM
HyJeM. A 3ro 03HAJaeT, YTO MH MCKJIOYAaeM U3 PACCMOTPEHUS BCe
aHTeHHH IOpPAAKA BHINEe HYJIEBOTO, T. €. JUIONH U BOOGIIe MyJIbTH-
moan L.

OnEaKo W IpH TAKOM OrPAHMYCHHMM MOMKHO LOJYYHTh, Kak Gymer
BHAHO, HOJe3HHe pesynsTaTei. DopMyiasl, KOTOpHE MH BEBEIEM,
OyoyT TORETECA IJsA AHTEHHH HYIEBOTO HOPANKA, HAanpmMep B (opme
PasfyBawmMmerocs Iapa, IS TOTETIHHIX HCTOYHHMKOB, MIA HEOTPaHU-
YeHHOH IJIOCKOCTH M T. II.

CocraBuM ypaBHEHHMA CHCTEMB Iepefadu B clelyiomeM ofmem
BHATE:

= Cyty + Colly, D2 = Conlt; + Coglly. (22.1)

31eck p — cpefHee JABIEHUE; U — OGBEMHAA CKOPOCTH; HMHIEKCH 1
7 2 YKa3HBAKT, K KAKOM U3 ABYX aHTEHH OTHOCHTCA TAHHAH IEPEMeH-
Has Beamymua. Hoaddmmmenrs ¢,, MBI ceffgac ompemennm.

ITonosxmm, wro amrenma I manydaer ¢ 3agaHHOR 00BEMHOHE CKo-
POCTBIO Uy, 8 AHTEHHA £ 3aKpemneHa Tax, 410 u,=0. Ha mosepxmocrn
gHTeHHbI 1l naBnemme B pesyabraTe €e COOGCTBEHHOTO WH3IYIeHAA

ymer

Py =3, (22.2)

! CrasammOe 3mech mpefcTaBifAeT coGoidl YIpomeHUe. BBejeHHOS OIPAHNIOHHS
TpebyeT Oonee TOBKHX (OPMYIHPOBOK [15)
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BOJ}H& NaBJIeHHUA, PACOPOCTPAHAACH, JOCTUCHET AHTEHHW 2, HAXOIf-
meiicA Ha paccrognuu [. [[aBienne npu 0TCYTCTBUM aHTEHHHL & GLI0 GbI

Par = puifi (1),

rae f; (I) — Gespasmepuas QYHKOUA KOOPAMHAT MECTOHMONOACHHAA
anpTennnl 2. Oyuxuns f, (I) saBucur ot coiicTs anTennn I. Beaexcraue
HaJIWYMS AHTEHHHW Z, Koropas, Oynyuu B3axkpemiesa, BeeT ceOs Kak
TBEPHOe TeN0, BO3HHKAET AUPPAKIMOHHOE HOJe. JTO HoJe HAaeT Ha
HOBEPXHOCTH aHTeHHb & N00aBouHOe CpefHee NABJEHHE, OTHOLICHHME
KOTOPOTO K JaBIIEHHIO Py; MBI 0003HaduM depes g, (0). Japparnmonnoe
mojie anTeHHH 2, PacHpOCTPaHAACH o6paTHO K aHTeHHe [, co3gaer
Ha paccToAHmM | orHOCHTENBHOE jaBienume g, (I). Tak kak crkopocTs
aHTeHHH ] 3amaHa, TO BO3BHMKAeT AudpakiuA CHOBA KaK OT TBEPAOrO

Py fi (1)

Pﬂﬁ(l)yz(ﬂ)

g~ Pufi(U (DL
Pufy(Dp2(DpgDps (D) pye. 60
Pify(L) @3 i)

Bty (D pEDe} ) 00)

Pufi (l)?z(“

Pufi (D21 ,(0)
Pufy(D @3 gL
Pt D@31 gD, (0)

rena, 9o JaeT HAa NMOBEPXHOCTH aHTeHHH I mo6aBoumoe NaBieHme,
yanreiBaemoe MuokmreneM gy (0), m Tax mamee. Bee aTo paccyxnenue
HAITALHO LPENCTaBJAeTCA BONHOBOMW cerxoit pme. 60.

Ecaz Teneps IpoCyMMEPOBATH BCe Claralmue CPeNHero 1aBleHAs
HA NOBEPXHOCTHE AHTEHHH I, TO MOIYIHTCHA

p=pu{l+H D&+ 0]+
+HO 20 +& O]+ ...} (22.3)

Cymmupya (opMaibHO 9TOT GECKOHEIHBIA DAMN M YIHTHBAA (22. 2),
monIydaeM Clefylomlee BHPAaKeHHEe IS ONHOTO U3 K08P PAIEEHTOB

D _alfl g () [+ (0)]
=2, =31 +108 o (22.4)

[ogeToKEB TONOGHEBIM Jke 06pa3soM AaBleHHE Ha IOBEPXHOCTH 3a-
KDeIUIOHHOH aHTEHHH 2, IOXYWHM

po=puifi ) 1+ 0]+
+HO e W gO L +& 01+ ) (22.9)

OTKYAa

1+ g0 (0) (22.6)

021=Z—2 u=0=31f1(l) T )& d) "
] (%2 () 2 )
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g naxormgeHus ABYX OCTANBHBIX KOI(PQUIHEHTOB, ¢;, H Cyy, MOKIIO
cpenarth ob0palieHme CHCTEMH Iepefadd, T. €. 3aCTABUTH AHTEHHY 2
n3aydars, a anTenny I saxpenuTs. ['opasgo mpome, omHAKO, TOXY-
YUTh HY/KHBIHA Pe3yJbTaT mepecTaHoBKO# unnekcoB 1 m 2 B dopmynax
(22. 4) u (22. 6). B pesyasrare ypaBnenna (22. 1) cuctemsl nepefadu
NPUHEMAT CJaAefyImuid Bui:

g0+ 0) [ +-£.(9)
n=3 (11 ORI ot 30 Trgtiam s

L 1-+£,(0) & () {1+ 25 0)

P =3 =™ +32<1 + 72 () T_-—m) Uy

Ilepen TeM, Kax mepedTH K HPHIOKEHUAM 3TUX ypPaBHeHHUHE, yTodI-
HAM ONpefeJeHHsa BXOAAMEX B Kodddunumentsl QyHKnui f u g.

f () ecTs oTHOIIEHEE maBieHUA B cBOGOIHOM IMOJNE HA paccTogHUM [
OT W3XyJaniiefl aHTeHHH K [aBJEHWI0 HA ee IOBEPXHOCTH.

g (0) ecTs oTHOLIEHME CPEHEr0 NABIEHUA, BOBHHKAIOIEr0 HA UO-
BEDPXHOCTH OTBepAEBINEH AHTEHHHI, K JaBJeHUI B cBOGOLHOM moie
(T. e. UpPHM OTCYTCTBHE AHTEHHH).

g (l) ectb oTHOmeHHe ABIEHHUS, BOZHHKAIOIIEr0 BCJENCTBHE -
¢paKknuy OT OTBEpHeBINedl AHTEHHH HA PACCTOAHMM [ OT Hee, K JaBie-
HHIO B CBOGOJHOM IOJie B MECTe PACHOJOMKEHHS AHTEHHHL.

Bee pymknum f ¥ g ANA CTAOHOHAPHOTO CHHYCOMAAIBHOTO PEKEMA
IpefcTaBAAT C000f (QYHKIUE apryMeHTa j© M SABIAITCA, CIEfo-
BaTeJbHO, KOMILIEKCHHMH BeauumHamMu. B Gonee ofmeM mOHREMaBEEHA
3TH QYHKIHA ABIAITCH H300PaKEHHAMHE COOTBETCTBYIOMMAX QYHKIIMA
BpeMeHH, T. e. QYEKOEAMH omepaTropa p.

ConocraBisia upuBegerHoe Bhme moctpoerme ¢ § 11, MoxKHO cKa-
3aTh, 9T0 QYHKIMHE g UpeACcTaBIALT cobol 0Gobmenne Kosddunuenta
OTPAayKeHUA.

IloscumM sTm ompepenenma Ha mpocreiimem upmmepe. IlycTh cm-
CTeMa NMepefadvd COCTOMT M3 ABYX HOPINHEH HA PACCTOAHHHE ! Apyr or

Ipyra B UAIMHAPHEIECKOH# Tpy6e efuHmIHOTO ceuenmsa. B aToM ciyzae
MH uMeeM

(22.7)

3,=3, =w, hLO)=h=er,
60)=g0)=1, g(l)=gy(l)=erir.

Honcrasnas sTu 3HAYeHHA B BRHPAKeHHA KOIPQPUIHEHTOB C,,, HOIY-
936M YDaBHEHHSA DPacCMATPHBAEMOH CHCTEMHI Hepefadid B BHIE

! __
p=wethp —u; + 4+ :l/c o (22.8)
z .
i Lo

B rawectse ogHOro 3 mpumerenmit 0GMEX YpAaBHEHHA OmpeHelEM
$ynxnumio g (0). Jas sroro BocmomsayeMcs TeopeMOl B3BARMHOCTH, IIQ
KOTOPO#A MOJKHO GHTH

€13 = Cq»
330



Orciona
B (DL + 6, O = 3,1, () [1 + g, (0)]

HIH
1460 =341 + 4, 0). (22.9)

[Tpn momomu 570l dopmymn MoskHO, HanpeMep, HalTH JaBieHwue,
BOSHUKAIOIEE B PE3yTbTare AUPPAKUMM Ha MOBEPXHOCTH AHTEHEH |,
€CJIM M3BECTHRL €€ XapPAKTePUCTHKM 3, U f, U ecau, Kpome TOTo, us-
BECTHLl BCE XAapaKTePUCTUKM NPOUSEOALHOLI BCIOMOTATENBHOM il
Tennn 2. BrbepeM, nanpumep, Kak 310 061910 1 IeJIaeTCA, aHTEHHY 2

B OpME MAIOro IapmKa pagayca b (Masaf aHTeHHA HYNEBOro
mopagka). B srom caywae

w b b
3226—'21)? ) 1s (l)’:Te-"“’ g:(0)=0.

[Toacrasus 310 B (22.9), momywmm

!
T+£0)= %“,71 ¢ 3./, (). (22.10)

Gopmyaa (22. 10) Bepakaer B 06meM BUIe COOTHOLICHHE, H3BECTHOS
I 9aCTHOrO caydas Omoj HasBanumeM saxora IIorTkam.

[ToxossuM, 9T0 MEI XOTUM 3HATH CpeJiHEe aBIERHe HA MOBEPXHOCTH
Imapa paguyca a ¢ yetoM gudpakmuu (PajHyC a He IMpeamoNaraeTcs
MaJBIM, a motoMy amdpparnumedr He mnpemebperaercsa). Hus Takoro
mapa

l-a

_w pajc __a c
q=5 Tre W=7 7

Honcrapnsas B (22. 10), maxogum

epale

1+ 60)= 15757

JTOT 3Ke Pe3yabTAT MOKeT GHTh MOAYIEH KIACCHIECKEM METOIOM
Pa3NoKeHHs PelIeHMi BOJHOBOIO ypaBHEHHA IO cdepmueckmM HyHK-
OUAM IOyTeM ropasfo Golee IPOMO3IKHX BHKIAJOK.

B 3akmiouense paccMOTpUM eme OJMH MATepecHHH npmmep. [Iycts
cECTeMa Iepefadd COCTOMT M3 Majxoro Imapmka (amTemHa 2) m Heorpa-
HpdeHHON muockoctu (amtenHa ). Moskmo 6suto 6H OREEATH, 4TO
OpE BCTPeYe 3BYKOBOM BONHH C ILIOCKOCTHIO IPOEBOHMET mpocToe
OTpa)KeHHe ¢ yIBOEHEEM HaBIeHHA. ITO, OAHAKO, He TaK. [lia Hamed
IJIOCKOCTH CONPOTHBIEHUE, PACCIUTAHHOE HA IPOHSBOJABHYIO KOHEU-
HyHO wiIomags S*, paBHO

3, =w/S".
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dyuxuus f, (1) pasna, oseBunno, e—+'/° (kaKk BuINe, B CIyTae WIJIHU-
JpudecKo# TpPyOGH), TAK KaK HEOIpPAllMYeIHasA IIOCKOCTh H3Jydaer
IUIOCKYI0 BOJIHY, A KOTOPOH ABIGHUA B PA3MUIHEIX TOUKAX IIOIA
PasI@YAOTCA TONBKO 3amaspsiBanuem. Ilpumenss (22. 10), maxomum
a5 PacCMaTpPEBAEMOIO CHydas

4mel . 4wel
L, 0=t o ),

ITOT peaysbraT BOBCE HE OUEBHM/IEH, & OTOMY Mbl pasbepeM sajlaTy
noppo6no, MONBIYACH Oonee HArIAZHBIM MeTO/IOM.

HamomunM mpesxne Bcero, aro mo ompegeienuio g (0) mpemcran-
nser coboit oTHOIIENHe JAaBleHHS, 00YCIOBIEHHOrO AHPpParuueid or
TBEPAOH mlocKocTH (B HAMeM Caydae
1 A nupparuus BEIPOJKAAETCA B IPOCTOE OT-
pasKeHme), K JaBIEHUIO, KOTOpoe ObLIo Gbl
HAa MecTe MIOCKOCTH, ecl:m OB aHTeHHA 2
[ W3iIyJaja B CBOOOAHOE HPOCTPAHCTBO.

A OGo3nagus qudpakiuoaHoe (0TPAKEHHOE)
;o 7  JlaBlieHHe 4Yepe3 pp, A& faBieHUe CBOOOJI-
0 l 1Or0 M3JYYEHUA 9TEPe3 Py, MOMKEM 3a-

nmearh

~

Fﬁ
x
i N

Par+ Py D
1 0)=1422 -2 "0 D
+& ( ) + b P21 pa’
A
1 rie 9epes p; 0003HAYEHO NOJTHOE FABIEHUC

Puc. 61 Ha IJIOCKOCTH, CKIAfBIBalomeecad 13 NaB-
JeHnd OpAMOY W OTPAKEHHOH BOJH.

PaccmarpuBaemas cmereMa @3o0paskeHa cxeMaTHIecKu Ha puc. 61.

1 o3HavaeTr MWIOCKOCTH, £ — MAJBIH MapoOBOU m3jaydarens, 4 — cde-

puIecKmit GpoAT BOMHH, HexopAmer u3 2. DPOHT BOIHH IePECeKALTCH

¢ IJIOCKOCTBIO IO OKPYKHOCTH PAajuUyca @, YBeJIMIMBAIOMETOCA C Te-

YeHHeM BpeMeHH. BHe 3TO# OKPYKHOCTH BOJHA [0 ILIOCKOCTH elile 1e

oomia, u u3GHTOYHOTO JaBleHHs TaMm Her. Ecuau gaBienme B ¢BOGOI-

HOM moJe B Touke (), T. e. y OCHOBAaHUSA HEPIEHAMKYJIAPA, ONYIIEH-

HoOro u3 & Ha I, 0603HAYEHO Tepe3 P,;, TO MaBJIEHHE B IGO0 TOUKe
Ha paccrosHuu r or 0 Gymer

P:Z%Pm%(t—ﬁ—;—l);

OpEIeM MHOMKETeNb [/R yuurnBaer yOniBaHue HaBJIeHHS BCIEACTBHE
PAaCXOKOEeHHEs BONHE, MHOMKHTENb 2 TOABJIAETCA BCJIENCTBHE YHBOE-
HUA [JaBJleHUS LPH IIOJHOM OTPKEeHUHM, M, HAKOHeI, MHOYKHUTENID

R
Sy (t— z > YKa3nlBaeT 3amna3BBaHUE BCJIEACTBHE YBeJHYEHUs

paccroguma. UToGH HAa#TH CpefHee [aBICHWe, HAM HY/KHO YMHOIKHTH
MaBleHAe Ha 3JIeMEHT IJIOMANH, OPOXHTErPHPOBATH M PAasHeluTh Ha
nI0mans. JieMeHT miomanu BiGepeM B Gopme Koabma

dS* = 2nrdr,
aR9



uinyg, TaK Kakx

r4+1=R’ rdr=RdR,
TO

dS*=2=RdR.
Bsena o6Gosnavenue

IONyYIHOM JUIA CpejlHero NaBJICHAA

©

4mle 4zle
Py = Py 5+ S S (t —1) d“=P21'S—*t°o (),

0

T. €. TOT ke Pe3yIbTarT, KOTOPHIA BhIIIe OblI DONy9IeH HeMOCPEeACTBEHHO
u3 dopmynn (22. 10). Duamaeckuit CMBICA 3TOr0 pe3yIbTAaTa COCTORT
B TOM, UTO CHJA, AeHCTBYHMad Ha IJIOCKOCTh, HENPEpHBHO BO3pa-
cTaer, Tak KaK yBelImimBaeTcA IJIOMafb, HA KOTOPYIO BO3felCTByeT
HaBleHHe HCXOAAMeHd H3 HMCTOYHHKA £ BOJHHL.

§ 23. Jmeprerdueckue COOTHOMIEHMS

Mgt 3afimemces Teneph dHEPreTHUECKEME COOTHONIEHASMH B HEYCTA-
HOBUBINEMCS aKyCTHIECKOM BOJHOBOM moje. MccaenoBaumio aToro Bo-
opoca HeoOXOXWMO, O{HAKO, HPENIIOCHaTh HEKOTOpEe obmue coobpa-
MeHUA. 3aBHCHAMOCTh Me[y [aBJeHWeM H 00BEeMOM IPHHATO OIM-
CHBaTh B AKyCTHKE afuabaTmiecKuM 3aKOHOM

PV'=const, (23.1)

rie P m V — mapieHme m COOTBeTCTByIOmMEiA o0beM masg aioboro faH-
HOTO COCTOAHHA Tas3a. Y PaBHEHHA JHHEHHOH AKYCTHKHE BHIBOLATCA
B IPEANONOMKERNH, YTO TABJIEHEE H 00beM IOTYTalnT Maljble OTHOCH-
TelbHO HaUalbHHX 3HaUeHZHA npmpamenus p u v. Ecam Tak, To, 060-
8pavasd Hadanblbe B3HAYCHHS fJaBleEns u obnema gepes P, m V,
MOKEM 3ammcarhb

PV = (Py+ p) (Vo + 1),

ang
14 plPy=(14v/V) Tl — 10|V,
OTKY/Ia
v
p~ —’rPon; (23.2)
g
p~p Yoz (23.3)
Vo

23 A. A. Xapkeenq, T. | 353



T. €. MBI BhpaiaeM HpPEOIM;KeHHO CBA3Bh Me:xkny P u V nuseiinoit 3a-
BHCUMOCTBI0, TOTAA KaK TOYHASA 3aBACAMOCTD, BhTeKaomas u3 (23. 1),
EMeeT BHL

P=P,(V[V)™. (23. 4)

TeoMeTpuIecKEil CMBICT 9THX COOTHOIMEHMH HOACHsSEeTCA pme. 62.
Ha KOTOPOM HocTpoeHa agmabara (23. 4) m mpamasa (23. 3), xacarens-
HaA K agmabarte B Toure (P,, V).

Ilonp3oBanuMe DPHONMKEHHKIME 3aBH-
cmmoctsama (23. 2) aam (23. 3) mossoaser
OPaBWIBHO OHOpPeNeNHTh B IEPBOM ULpH-
OnmxeHun JOOHE BeIHIMHE HePBOTO IIO-
PAJKA, Ha 9eM M CTPOUTCSA BEIBOJ BCEX U3-
BECTHHEIX COOTHONIEHHA JMHEHHOH aKyCTH-
km. OgEako [iA ompefeleHHs B TOM JKe
mepBoM UPHGNMKEHHH BEJIWIWH BTOPOTO
mopAKa JmHeHHOoe NpHONWIKEHHe Yixe
renpurofuo. [lonpobyem moxcauTaTs npm-
pallieEme SHEePTEH MACCH Trasa, CKHMae-
Mot agmabarmueckm or obvema V, mo oGwema V, (pasymeercs, ¢
COOTBETCTBYIOMMM IIOBHINEHHEM JaBieHus oT Py mo P).

Mu umeem
v,
AE={ pav =Pli=pole, (23.5)
A

PasBepTHBag 3TO BHpa)KeHHE N0 CTEIEHAM MAaJlOr0 OTIOMEHUA
p/P, n coxpanas WiIeHE 70 BTOPOro HOPAMKA, HOJyJIaeM IIA MepBOTO
npubamKeHns

~V, P P N=v, 21— P2 23.6
AE=VIY(1+ZYPO)_.VM(1 5p)- (23.6)

Ecnm ;xe My mommiTaeMcs ONpefeluTh Ty sKe BEJHIHHY u3 $OpMYy:
JuHeHHOr0 NpuONmKeHHsI, TO MOIYIHAM

ME=3 (Py+P)(V, =V =V &-(14+ 5. (@3.7)

Urax, BeHpasKeHHe MJs OPHAPAMEHMA NOOTEHIMANBHOM IHEPTHU,
cofiep;Kammee JWHEHAHKA X KBAJPATHIHLA WIeHH OTHOCHTEIbHO H30H-
TOYHOTO [ABJICHAA p, HOJYydIaeMoe H3 JHHENHHOTO OPHONMKEHHsI, Ta€eT,
KaK ¥ CJIefi0BaI0 0’KARATh, HEBEPHOE 3HAYEHWE KBAZPATAIHOTO YIEHA.
Tem me MeHee MH GyneM B JajdbHeAIEM NOJAB30BATLCA (GopMyIok
(23. 7) m Bor mo xKakmM coobpaskenuaM. Ilpn cuEyCOmTANBHEIX BOIHAX
KBaIPATHIHHIA WIEH IOJHOCTHIO OmpeleisdeT JHEPTeTHIECKHE COOT-
HOINGHHUA, TAK KaK JHHEHHHH WieH OPA MHTETPAPOBAHEHE IO 06BEMY
Taer B cpegHeM Hyah. Hac sKe OyfgeT mMHTEPECOBATH TiaBHHEM 06pasoM
TOT CHENUAJBHHE CIydal, KOTHa KBaJpATHYHHM WIEHOM MOXKHO Ipe-
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pe6peds IO CPaBHEHHIO ¢ JHHEHAHKM, a B 8ToM caydae (23. 7) r (23. 6)
coBmafaloT. MoKHO, KpOMe TOro, OTMETHTE, 9T0 0GCYXIeHHHE BHIIE
BOIPOCH!, IORHATHE BIEpPBLE B COBETCKOR amTeparype [4, 5], He Haxo-
AT OTPAJKEHHA HE B OJHOM U3 M3BECTHHIX PYKOBOACTB IO AKYCTHKE.

BregeM mpmpamenne 065e6MHOR MIIOTHOCTH HOTEHTHAJBHOA dHEp-
rmd, AJas KoToporo m3 (23. 7) moaygaem

__AE__p pP\_p , p?

rie x=17P, — o6beMHH#E MOLyab ynpyrocTd cpearl. [ad Manux Bo3-
MyIIeHEn#, KOTOPHE MHEl TOJBKO W PAacCMAaTPHBaEM,

1’;;0<1, (23.9)

4, ClemoBaTenbHo, B BHpakenmu (23. 8) BTOpo# (KBampaTHIHHIN)
geH 10 aGCONOTHON BelnImEe MHOTO MeHbINEe HepPBOro (IHHEHHOTO).
IJTO eme He 03HAYAEeT, 9YTO MEI MOXeM BCeraa oT6pocurh KBagparmd-
HHH YIeH B BHPa)KEHAH [JIA MOTeHOUAJIBHOR JHEPTrAH KOHEYHOTO
o0neMa.
HeiictBuTensro, B 06meM cliydae MBl TOJUKHH HHCATH

1 1
AE,=— g pdV + - S pXdV. (23.10)

v 14

CooTHomeHne MEMAy OOOHMH WIEHAME 3TOTO0 BHPaKeHHA 3aBHCHT
or xapakrepa ¢yuxnum p. Ecinm sta ¢yExknma smaxomepeMeHHA, TO
nepBHit HHTErpal MOKeT NarTh CKOJb YTOAHO Malke 3HAaYeHHsd, TaK
9TO CIaraeMHM NOTeHNHEAJHHON SHEPTAH, 3aBHCAINEM OT JHHEHAHOTO
WIeHa, MOKHO TIpeHeGpedb, B MH COXPaHAeM TOJbKO 0OHYHEIA BTOpPOM
9JIeH.

Umenno Tak obcromT Fedo AiA cmHyYcomaaapHEX BoaH. Ilo Mepe
TOr0, KaK MH yBelmumBaeM ofmem V, mepsoe cmaraemoe (23. 10)
KOJe6AeTcss OKOIO HYJA, TOTNA KaK BTOpoe HeOrpaHHIeHHO BO3pa-
cTaer.

Ecam ke maBlenme p B Ipefelax HagHOTO o0beMa He H3MEHsET
3HaKa, 10, B caay (23. 9), Mul MoxeM mpeseGpeds B (23. 10) BTOpEM
claraeMhIM, 3aBECAMAM OT KBAJPATHIHOTO YJeHA, W B 3TOM Clydae
MH HMeeM

AEnz% [ av. (23.11)
\4

PaccMoTpEM mone, CO3faBaeMoe HEOTPAHWIGHHOR m3Mydaromei
niockocThio. IIycTh HOpManbHAA CKOPOCTE 3a7aHA B BHJE

v, =03, (2)-

B mome monydaomeics IPHE STOM IIOCKOR BOJHE CKOPOCTH H /{ABIEHHS

Gynyr
v =1v,9, (t — z/c), p = wvg, (t — zfc),
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T. €. H36HTOTHO NaBJEHAE BO BCEX TOIKAX IIOJNA OXMHAKOBO, H, CJIe-
JOBATeNBbHO, HOJArad ero MalIlM IO OTHOIIEHH) K HAYAJBHOMY J1aB-
JIGHWIO, MH MO)KeM B JaHHOM CcJaydae BOCHOJXB30BaThCH (opMymoi
{23. 8), or6pocuB KBaNpPaTHIHKEIA WIEH, ITO KaeT AaA OGBEMHOR mIOT-
HOCTH IOTeHOHWANBHOHX 3HEPTE:

Ae, =< piy. (23.12)

HKpome moreEnumanbaO0it 3HEPIHE B IOJE HAXOXHTCA TAKIKEe KHHETHU-
qeckad sHeprus. [lmoTHoCT: mOCTEnHER MOKeT GHTH BHpa)ieHA Kak

e, = pob?/2. (23.13)

{Ora dopmyna cmpaBelamBa NIA HOKOSMEHCA Cpefs, T. €. B Opef-
TIOJI0}KeHH A, 9TO0 HATaIBHOH CKOPOCTH HeT.) Brpaskas cropocTs gepes
HZaBleHAe, IONYIHM

ex=p2/2TP0'

Jdpyrame cioBaME, KEHETHIECKAA SHEPTEA KAK pa3 paBHa or6pack-
BaeMOMY HaMHJ KBAJPATHIHOMY WIEHY B BHIPA KEeHHM I DOTERIZAJIH-
Hoii sHeprum (3T0 COOTHOIEHAE 0OMEen3BECTHO, HO, KaK OKJI0 MOKa3ano
BbIIEe, HEBEPHO), W, CIENOBATEILHO, MH MOKeM mpemebperats m Kum-
HEeTHIECKOH 9HEPruedl ¥ NUcaTh yiKe [JIA HOJHOT0 HPHPAMEnnd 00heM-
.HO{ IJIOTHOCTH DHEPTHH

Be=Ae,+e, =L (1 "‘TJEJ)Z%' (3. 14)

H, COOTBETCTBEHHO, AJfA IOJHOI'0 UPHPAIleHHA SHEPrHH B HEKOTODOM
wbbeme

A g% [ pav. (23. 15)
14

Hecxonpxo maage ofcTomT neno 4isi mapoBoit Bonmki B kazeerse
SACTOYHHEKA TAKOH BOJHBI BhifepeM Iap HepeMEHHOIO PafEyca.
Ilycrs panmanbEas CKOPOCTh HOBEPXHOCTH IMapa

Vg = Uy (£)-

‘B mone mapoBoit BONEH CKOpOCTH m fMaBIeHEe GYAYT

r—a

S e e

r—a
—_——( -

P=wp, e &\ © )co(t—r—a)o

c

Huamernueckan dHeprua mouasa

By=2mp, | vtridr = (28 (3 geene - o2ty (23.16)

16mac
s
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[Tpupamenme noremnmansHON SHEprEM nons

2
AE,: S (%-'—-—% aV =
4
=Pyt + 28 (1 — g2eti) = A\ E, + A,F, 23.17)

[lepenii wnem mpepcTaBiseT JEHEAHOE, BTOPOH — KBaIPATHIHOE
OpEpameHue NoTeHnmanbBoil sreprun. Yepes uy,=4ma’v, o6o3nadena
00beMHAA CKOPOCTh HCTOYHUKA.

Otmermm npefensHNe cooTHOmeHus. IIpm @ — co mapoBas BOXHS
nepexofarT B maockywo. Ilpm srom

E, E
—_— 24 K
AE, o> Swvit; 5E, o5 1

Ecanm xe CTPeMATH ¢ K HYJIIO, 9TO COOTBETCTBYET IEPEXOAy K TO9ed-
HOMY HCTOYHHKY, TO

2
B, o~ 3 wuj

16 wac E
. Jp—
Az,E ~ 1 wul a->0 ! AE, a>0 T
"7 16 mac

T. €. KEHeTHYEeCKas W NOTeHNHAJbHASA DHEPTHU IPK KOHEYHOH 00BeM-
HO# CKOPOCTH HCTOIHHKA CTPEMATCS K 6ECKOHETHOCTH BCJELCTBAE 0CO-
OenpoCTell mons BOIM3W HCTOYHHKA, OPEIEM KHHETHIECKAs JHEPTHR
B Tpd pasa Goabme morennmansHOXM. HBajgpaTmumnie cocTaBafnmme
3HEPTHH COCPEeJOTOYeHK, KaK BHAHO, B o6xactm, 61E3KOA K HCTOU-
HEKY; B 3TO# 0o0JacTh OHE npeobnafaloT Hal JXHeAHOA cocTaBagIOmMeNd.
CuenosaTensn0, BHBEIEHHEE BHIIE NPHOIMKEHHLIe JEHEAHNE BHpAa-
JKEHHUA [JIA SHEPrHE He MOTYyT NPEMEHATHCA B 00JaCTH, HEMOCPEXCT-
BEHHO IpHJEralimei K ToIeyHOMy mcTouHmEKY. (BmpoueMm, m camme
VpaBHEeHMA aKyYCTHKH TepAT CANY B 9Toit obmacTm.)
ITonmoe mpupamieEEe SHEPIHE HOIA

AE—=AE,+ E, —u Pyt + 24 (1 __ gotrey,

4mac

Jasa maamx a o6a 4ileHa CPaBHHMBAIOTCA IPH Paj@yce MOJIA
R = ct = wuy/4naP,.

B nanppeiimieM mepBHI YieH, T. €. JWHEHHASA COCTAaBIANMAA, He-
VKJIOHHO PAacTeT, TOrjja KaK KBa[paTHIHAA COCTABAAKIMASA CTPEMHTCSH
K DocrosEHoMy mpeneny. CreqoBaTensHo, fag Goapmux pPagZycos,
WJIH, 9TO0 TO e, AuA Gonbmmx BpeMeH, KBafApaTHUHOMA cocTaBaArOmeR
SHEPTHH IIOJA MOMXKHO yiKe IpeHeOGpedb.

[epejimeM Temeps K MCCIENOBAHUIO BHEPreTHIecKOro Oanamca,
T. €. COOTHOIICHMA MEMKJy oHeprmed momsa u pPaboTodl HCTOUHHEKA.
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Haunem co ciydas maocko@l BOJIHBI, HM3JIy4aeMOH HEOrpaHHYEnAOi
ITIOCKOCTBIO, JBIKYINEHACA ¢ HOPMAaJbHOH CKOPOCTHIO

U, == Uy% (t)'

Pa6ora, coBepmiaeMas IJIOCKOCTBIO, PAaCCYMTAaHHAA Ha IJIomams S,
PaBHA OpOM3BefleHUI0 AelcTByoOMel Ha 5Ty IIOMAaAb CHJH Ha Iepe-
MemeHue,

z t

A=§Fdx=§1«"udt_—_s§(po-l-p)vdt:
0

0 0

C mpyro#f cTOpOHH,

AE =AE, +E, =V§ (-%—[—-‘;i)d[/:

-_=SO§§-<1+'I,Lo)oo(\t_§)dx=3ct§(1 +7,%) (23.19)

Baxanc cxopmresa. PaGora mcrounmra pacTer €O BpeMeneM, TaK Kak
IIOCKOCTH BCE BPEMA IBMKETCA H PaboTaeT IPOTHB CHILI IOCTOSHHOTO
masienma P, p; sEeprus moas Taxske Bce BDeMA BO3PACTAET, TaK KAk
$pOHT mPOABHraeTCA CO CKOPOCTHIO ¢, W 00®meM mmons, paBHBH Sct,
YBeIHIABACTCA.

OrMerEM ORHO OGCTOATENBCTBO, KOTOPOE MOKET YCKONB3HYTH OT
mepBoro Barasaga. [lexo B ToM, 9T0 B PACCMOTPEHEHOM Ciydae IuHeinas
93CcTh PabOTH HCTOYHAKA HE COBEPIIAETCA TéM MCTOYHHMKOM BHEITHEH
CHJH, KOTOPHU NpPABOZAT H3NYIAIONYI0 INIOCKOCTh B IBUKEHHE.
[nsa yacHeHHA STOr0 pPAcCMOTPUM KOHKpeTHH# cayzai. Ilycrs ums-
Jyd4armasd DIOCKOCTh NEJMT IIONOJAM IPOCTPAHCTBO, 3ANMOJHEHHOE
yupyroit cpero npa HagaabaoM faBiennm P,. Ecau miockocTs HagneT
IOBHETATHCA C HOCTOAHHOM CKOPOCTHIO Uy, TO Neped Helt 00pasyeTcs Moo=
KATeNbEOe W3OHTOYHOE JABIEHHE P=WV,, & n03adu Hee — TaKOE Ke
oTpHIareXbHOe W3OHTOUHOE AaBieHme. B pesyapraTe Ha IIOCKOCTD
Gymer peiicrBoBaTh c3agm cmaa S (Py—p), a cmepexm S (P,+p)
(pmc. 63). Tak Kak CHIH STH HPOTHBOIOIOMKHO HAIPABIEHHl, TO DPe-
8yJbTHpYIOmAsa cmia Oymer

F=2pS,

W, Clef0oBaTeJbHO, pafoTa HMCTOYHWKA BuemHeii CHJH GyXeT paBHa
¢ ° .
A= S2Spv0dt=28p7 . (23. 20)

0
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Has Toro arobn ceecTu sHeprerudecknit 6anauc, HYKEO NPEHATH
BO BHUMAaHHE, 4TO mone obpasyerca mo ofe CTOPOBM MBEMAYmEHcH
maockocTd (pue. 64). Ob6mas sueprus mons mns o60omX WONYmpO-
CTPAHCTB IOJIyIaeTcs Iy TeM CILOMKEeHNs BYX Brlpaskeuni smya (23. 19),
PasnUIAMMUXCA 3HAKOM IpH p. B pesyanrarte Tuneifunit 9iien Buima-
JeT, KBaJPaTWINLIE YABOUTCA, W MBI HOJIYYMM

9 p2 o« 2 e
AE=28ct-b =25 2y, (23. 21)

Tem ne menee GeccnopHo, 9T0 B mepe/eM MOMYIPOCTPALICTBE AMEETCA
UpHpalieHue 3HEpPrud, BHIpArkaeMoe nuHeHHod QYHKIMed JaBICHHEA.
Teneps, ofuako, yixe ACHO, YTo pabora, paBHafA ITOMY JHHEAHOMY

} 1
Po 1Po=p Fore ! Po
b ——te— l 1y l 1 {
L‘L’t —><—pt
Punec. 63 Punc. 64

OpUpAleHNI0 3HEPruu, CoBepllleHa He BHENIHEH Culod, mpuBOfAMIER
m3;1y9aTeNb B IBUKEHNE, a CUIOH RaBienus P, neiicTBylomei na saj-
HIO CTOPOHY INIOCKOCTH. B mepemiieM moxynpocTpancrBe HpuOh-
BaeT YHEPTHA HACTOJLKO K€, HACKOJIBKO YORIBAe€T B 3alIHEM.

IIpomomxas Hame paccyKAeHme, AOIYCTHM, ITO Cpefa UMEEeTCH
TONBKO B IEpegHeM NOJYIPOCTPAHCTBe, B 3aJHEM >Ke — OYCTOTA.
Ho B TaxoM caywae miasg yaepHagus H3AyIaoOmed DIOCKOCTE B HCXOf-
HOM TOJOKeHWH HeoOXONEMO IPHIOKATH C33XE OHOPHYI0 CHIY, PaB-
uyn Py Ha Kamayno equamny miomanz. Hakosa 6s HE GxIa npEpona
aToll CmABl (CWia HPY/KWH, CHJAA TAMKECTH B T. H.) — palora, pas-
Hafl TUHEAHOMY OPUPAIEHHAI0 3HEPTUH, OyAeT COBEPIIEHA HMEHHO €10.
Pasumna ¢ opegngymuM ciydaeM Oyfer COCTOATH JHAIMb B TOM, 4TO
BBIIAJIET MIOMKHUTENb 2 M3 KBAJPAaTHYHHX BHPKEHAA A SHePruu
u paboTHL.

Bosspamascs k Gamamcy oHepruH, COCTABAM BHIPaKeHWE HJA
1ero B HeCKoNbKo Goiee ofmeM Bume, AIA 9ero BEIPA3HEM DIEMEHT pa-
GOTH HMCTOYHWKA Yepe3 00BeMHYI0 CKODOCTD -

dA = Fdt = S (P, + p) dt = (Py+ p) dQ = (P, + p) udt,

3gecs F — monmas cmna, fedCTBYOMAA HA HOBEPXHOCTh HCTOTHHKA;
S — BelWmYgHA NOBEPXHOCTH; £ — HOpMajdbHOE €e CMemeHEe; dQ=
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=Sdt — ommceBaeMHit Ipu mepeMemennd 00beM; u=dQ/dt — o6nem-
Hasg ckopocTh. Or6pachBas KBaApaTHIHHIZ WIEH, HOTydIaeM

¢
A =P, |udt. (23. 22)

0

[pupasrmsas (23. 22) m (23. 15), noxyImm paBeHCTBO, BHPAKaloIee
Ganmamc Aaf JMHERHHX COCTABIANMEX DPAabOTH # 3HEPTHH
! 1
P, | udt:Tg pdv. (23. 23)
0 14
9To BechbMa IIOJE3HOE COOTHONEHME MOKeT OHITH BHIBEIEHO X ApY-
[AM OyTéM, 4 HMEHHO HAa OCHOBe NPHHIUNA COXPAHEHHS MACCH.
Mu npencraBisieM ceGe meficTBHe HCTOYHZKA TaK, 9TO M3 HETO HCTe-
KaeT C:xuMaeMas cpefa B KolmdecTBe u cu® B OfiHY ceKymay. Macca,
BHITEKINadA 3a BpeMd [, PaBHA
t
M =0, | udt (23. 24)

0

(ecm mpere6peTs MaIHM H3MEHEHAEM MIIOTHOCTH). JTa Macca J0JKHA
Pa3MeCTHTHCS B OKPY/KAIIIEeM HCTOYHAK IPOCTPAHCTBE, YTO BEIBOBET,
HOHATHO, yBeJIWYeHHe IJIOTHOCTH OPOTHB IepBomavanbro#. O6o3ma-
Yasg IpupameHye IJIOTHOCTH Jepes p, MOKeM 3aImmcaTh

M=§pdv.

v
Ho npm agmabaTmdecKoM CKAaTHA M OPH MAJHX BO3MYIMEHHAX

p _ 1 p

— —_— m——

po 1 Po’

7, TakmM o6pasoM, MH MOKeM BHpAasHTh Maccy depes ma3bmTOoUHOE
RaBIeHTe

—_Po_
M=-5 § pdv. (23. 25)

ITpmpasaas (23. 24) m (23. 25), monysam cHoBa (23. 23). Brrpaxenmem
(23. 23) maM eme TmpemcTOMT BoCHOAB30BaThesA B AanbpHeimeM. IToxka
9TO 3aMETHM, YTO OHO IOJIe3HO, B YaCTHOCTH, T€M, 9TO IO3BOIACT JJIA
ONEHKE JIWHEHHOH COCTABAAKMMEH SHEPTAA 3aMEHHTH BHYHCJIEHHZE
06BeMHOT0 HHTErpajia B mPaBOH YacTH BHIIUCIEHHEM HHTErpajia mo
BpEeMeHH B JIeBOM 9acTH, YTO UHOTAA 3HAYMTEIBHO IPOIIE.

Tax, manpumep, MH cpa3y Mo:KeM YTBepP)KAaTb, 4TO S padV mosker
GHTH OTGpPOMmMEH B Ciyuae CHHYCOMAANBHHX BOJH HA TOM OCHOBaHHH,
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YTO, OUEBUAHO, B BTOM C.1yyae l udt B cpesem pasen myawn. 1l BooGme

g udt MOKeT MPEACTABIATH OO0 OYeHb MallyIo BeIMYHHY, eCiil U ecTh

sHaKoMepeMeHHass (QYHKII BPeMeHH,

IIpegcraBaser murepec ciiyuadd, KOTKAa ACTOYHHEK SIBJISAETCA UCTOY-
BMKOM HE HYJEBOTO HOPSAKA, KAK PACCMOTPEHHbIe BEIUIE JBHK YIIAACSH
IIOCKOCTh W «OYXHYMEU» miap, a Beicliero mopsaaka. Peus mper o6
ECTOYHHKAX THEOA MYJIBTHIOJNA.

BosbnMeM, HanpuMep, OCHOBHEIE IIAPOBBIE H3AYTATENH, RAA KOTO-
pHX DafmaibHasg CKOPOCTH HA LOBEPXHOCTHM 33/aHA KaK

vy=0,P,(cosd),

rae P, — noaunom Jle:xannpa nopsanka n; $ — nonapnmi yroxa (open-
monaraerca oceBas cmmmerpus). OGbemuas ckopocTs paBHa, Boobme
rosop4,

uo = g UOdS .
8
Buibepem pna pamsOro ciaydas

dS = 2=a? sin ¥dY = -—-12— Sd (cos B).

Taxkmm o6pazowm,
+1
uy = Sv,, S P, (»)dp.

-1

Ho B cmry opToromanbHOCTH DOXEHOMOB Jle;ramapa aTor murTerpan
paBen Hyaio auas Beex ns40 (cm. § 20). Ilpm n=0

Zlo - Svoo

9T0 — ymKe PACCMOTPEHHHN HAME DPAa3fyBANMEUACA [MAp, HCTOIHHK
HyJ1eBoro mopaika. [l Bcex ke IApOBHIX HCTOIHEKOB Golee BHCO-
KHX HOPATKOB 06bEeMHAA CKOPOCTH €CTh TOKAECTBEHHMIH HYTb HE3d-

BUCUMO OT XapakTepa Ipolecca, & SHAUNT PaBeH HYNI0 H SpdV.

D10 06BACHASTCS TE€M, YTO NABIEHHWE €CTb 3HaKomepeMeHHas QYHKIEA
IPOCTPAHCTBEHHOH YrioBOH KOOPAMHATHI. Tax, mampmMep, IpH
n=1 mp mmeem P (cos ¥)=cos §, m pajmanbmas CKOpoCTb, a ¢ Heil
NaBIeHEe, WIMERAOTCA KAK HA MOBEPXHOCTH INapa, TaK M B IOJXE IO
3aKoHY KocEEyCa. [laBleHme TMepexXOofmT gepe3 HyXb @ MEHiET 3HAK
HA SKBATOPHATBHOH MIOCKOCTH. AHAIOTHIHO obcromt meno m puaa Go-
7ee BHICOKEX IOPANKOB H3IydaTened, IpmdeM THCIO HYJNEBHIX IO~
BepXHOCTell PAaBHO HOPAAKY MH3NyTaTelns.

Vrar, MEL BANEM, 9TO AJA CY/KIeHHA O NPEMEHAMOCTH K KOXIOMY
NAHHOMY CAYYAK JTHHEHHKIX BHPayKeHHH AIA NePI U X paboTsl HyMHO
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3HATHh 3aBHCHMOCTb CKOPOCTH KJIM [aBJEHHS KaK OT BPeMEHH, TaK @
or xKooppuHar. Ecam cooTHomeHnsA Haneped HE fCHH, TO CIEIyeT Ha-
qmearhk ¢ obmmx ¢opmysa Bpome (23. 10).

OTMeTHM B 3aKJIKYEHUE, 9TO B TeX CIydasdx, KOTLA DHEPTLEA m
pabora MOryT OHTH BHIPayKeHH 9YeDe3 [aBJIGHHE WX CKODOCTH Ju-
HeHHO, K SHEPreTHIECKAM COOTHOIIEHEAM IPIMEHNM IPHHIIA HaJl0Ke-
Hus. ITO 3HAYAT, 9TO MBI MOKEM HANTH SHEPTHIO IO/ A dJIEeMEHTap-
HOTO BO3MYIIEHHA, a 3aT€M BEIIUCIUTH DHEPTHIO Jioboro Goiee cioxk-
HOro BO3MYIEHHA (BHIPAjKaeMOro He 3HAKONEDeMEeHHEIME (YHK-
HAAME) OOCPENCTBOM NPOCTOTO CYMMHEpPOBaHHA.

§ 24. Iudpaxuusa, ofmue coodpaskeHus

IIpuerymaa & paccmorpenmio mpobiaeM fudpakoum, HmocTapaeMcs
crnepBa COCTaBUTH cefe HEKOTODHE o0m@e KadeCTBEHHEIE IIPEJICTaBJIe-
HOA O KapTuHe AuQPAKIUOHHHX SBIEHHM.

ITpeskne Bcero ycTaHOBHM OfHO BajkHoe A FMAlbHeHmero moio-
JKeHHe.

Ilpenmomoskum, 9T0 mMeeTCA TOIEUHEIH HCTOUNWK, OLPEIeTIeMbIi
06beMHO# CKOPOCTHIO

u =, (t),

T. €. B HEKOTODHIA MOMGHT, IPHHUMAEMEIA 33 HAYAJIO0 0TCYETA BPEMEH,
¥3 HMCTOYHHKA B OKpPY)KAalomee NPOCTPAHCTBO HAYAHAET MCTEKATh
cREMaeMas cpefa ¢ o6BEMHOE CKOPOCTBIO U, cM¥/cex. B pesyubrare
HNeACTBHSA HMCTOYHMKA IUIOTHOCTh M [JaBJEHHE B OKPY’KAIOmEM IIpo-
CTPAHCTBE, HaYalbHEE 3HAYEHUS KOTOPHIX 0003HAIAM depe3 p, m P,
DOJy9aT ONPAPAMEHAS COOTBETCTBEHHO p W p. I'DaHdia BO3MYIEHHOH
obnacrm, T. e. QpPoHT BOJHE, GymeT LEPENBHTATBCA €O CKOPOCTHIO
3ByKa @ KO BpPeMeHH #, BO3MyMmeEHHAs 00JacTh HPOCTPAHCTBA, T. €.
noJjie, TOCTHTHET IPOTAKEHHOCTH Iy =ct B HAIPABIGHAHE PACIPOCTPa-
HeRuA, 3axBarmB o6beM V. B paccMaTpuBaeMOM HpOCTEHUIEM CIIy-
9ae eJWHCTBEHHOI0 TOYEYHOr'0 HCTOYHUKA V, mpencraBiager coboi
obpem chepu panmyca ry. Ilpumensia k sroit Kaprmae popmyay (23. 23),
MOKEeM B3am;CATh
h
x| udt= | pav. (24.1)

0 v,

Ho PaBEHCTBO 3TO CHOPaBEIJIMBO HE3aBHCHUMO OT TOre, KakKOBO TPO-
CTPaHCTBEHHO®e pacupenenemze AaBJIEeHHs, X OT TOT0, KaKOB o6seM V
I/IHTeraJI B npaBon 9acTH A0JIKEeH COXPAHATH OJHO M TO »Ke 3HaYeHHe
IpX TOM €IMHCTBEHHOM YCJIOBHHU, YTO T€ HJM HHEIE M3MEHECHUA CTpoe-
HES IOJA HEe BJIHAIT HA DPEXHEM HCTOIHHUKA. H03TOMy MBI MOM{eM 3a-
oucaTh

S pdV =const (24. 2)
L&
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B TOM CMBHICJIE, YTO 3TOT HITErpai, B3ATHE IO BCeMy 00BeMy moas
HA JAHHHZ MOMEHT, He 3aBUCHT OT CTPOEHHA IoAA. 110 maMenenmaME
CTPOeHHA NOJA IOHEMAITCA Te USMEHEHHA, KOTODHE MOTYT BO3HEK-
HYTh NPH HADYIIEHEN OXHOPOAHOCTH IIOJIA BCIECTBHE ABJEHUH OTpa-
JKeHHA, NPeJoMIeHnAd, AaQpakumy o T. O.

ITosscamM 370 monoxeHme mpuMmepoM. IIyCTh OT TOYEUHOro HCTOU-
suka O (pme. 65) pacmpocrpamserca mapoBas Bonina, BCTpedanmas
Ha CBOEM IyTH HEKoTOpoe mpenarctsme D, KOTOpOe ME Ipeano.iaraeM
COBEPIIEHHO }KECTKUM M, CIeNOBATENbHO, HENPOHAIAEMEIM /s BOJHH.
Ecnm BeTpeda BONHE ¢ OPENATCTBEEM yske COCTOSNACh M K paccMa-
TPEBAEMOMY MOMEHTY (POHT IpOABHHYJICA B momoxkerme BB, To
mo3afm o6pasoBamock AudpakumOHHOE HOJTe, GPOHT KOTOPOro, 060-
sHadeHHHE namHmeir CC, HeTpyquo Io-
CTPOETh C DIOMOImBI NpWHUEmOA IHoii-
rexca. Hampasnemws pacopocrpanerns
s obermx BoMH, OpAMOH m NEPPAKIEOH-
HOM, HOPMAalIbHH K COOTBETCTBYIOMEM
$poHTaM ® OTMEdYeHH HA PACYHKE CTpEJ-
KaMH.

ITIpumersn K paccMaTpmBaeMoMy CJIy-
9310 BHCKABaHHOE BHIIE II0JOKeHHE, MH

MO’KeM YTBEDKIATh, 9TO S pdV, KoTOpHii

MH B3AIM GH 1m0 BceMy 00BEMy, OrpaHu- Puc. 6
geHEOMY cdepmaeckmM dporToM BB, mpm
OTCYTCTBHE IPENATCTBHS, OyHeT paBeH MATErPaLy, B3ATOMY 0 TOMY ke
005eMy, HO 3a BHYETOM 9aCTH, 3QHATONX IPEOATCTBHEM (HA PUCYHKE 33-
IITpEX0BaHa). VHHME CloBaMH, IpU BHECEHWH IPENATCTBUA YMEHL-
Imenwe 06BEMA IIOJA KOMOEGHCUPYETCH NOBHIIEHUEM JABIEHHA B TOH
9acTE moas, rae obpasyercs Audppaki@oHHAS BOJHA.

Ho rax wax B o6neme BHyTpHu ¢pporTa BB u Bme dporta CC nome
B obomx ciaygaax (T. e. KaK IPH OTCYTCTBAM, TAK M OPHE HAJHIAA IIpe-
OATCTBHA) OGHHAKOBO, TO MH IPHXONEM K CIEIYIOMEMY 3aKIIOUEHHAIO:

S pdV mnsA naBnenusd, cO3maBaeMoro ZuPpaKIUORHONR BOIHOH B 0GbeMe,
OrDaHHYEHHOM ee (POHTOM, PaBeH 3HAYEHMUIO g pdV nas pasnemus,

KOTOpPOe HMeJoch GH B IpPAMOH BOoAHE B 06BEMe, 3aHATOM LPEHATCT-
BHEM, ecl: Onl HpemATCTBHE GbLIO YNAJEHO. JTOT BHBOL MOKET GHITh
MONY9YeH AHANUTHYECKH HPH IOMOIIE OPOCTHX BHIKJIAHOK.

OGosmauum: Vp— o6bem cdepH, orpanmdenHoit ¢posroM BB
npaMoii Bonuw; V¢ — oObeM, orpanndennmnit ¢ponroM CC nudpax-
mmoEEOA BosuH (00BeM obmacta gudpakmum WIA AEPPAKIAOHHOTO
nonst); Vp — ob6beM, Bupesaemuir npenarcrBmeM D m3 cdepn BB
(samTpmX0oBamHEAA 9acTh HA puc. 65); KpoMe Toro, 0603HAYIMM Fepes p
nasiename (W3GHTOYHOE) B IpAMOA BoOJHE, a depe3 ps — NaBleHHE
B IUPAKIWOHHON BOJHE.

OCHOBHBafACh HA HAmIeM WNONOKEHHW, BHpaKkeHHOM (opMymoit
(24.2), MH MOYKeM COCTaBHTH DaBEHCTBO, B JEBOH dacTH KOTOPOIo
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MBl 3anUIIeM 3HayYenue S pdV pas croGOANOTO 1OAd, T. €. NPH OTCYT-

CTBWH NpENATCTBUA, a B NpaBOil dacTH — 3HAYEHIIe S pdV ana mnons,
MCKa)KeNHOro HajuIueM MpensiTcTBUA

[pav= | pav+ | @+p)av,

VB VB—VC VC"VD
Uhn
jpav=| @+pyav,
Vg VC'-—VD
501944
{ padV=§ pdV, (24. 3)
Yo—Y¥p Yo

B 9eM W COCTONT aHATATHYECKaA GOPMYyImpOBKA Hallero yTBEePIKAeHNUA.

Xora nonoenme (24. 2) u ero caegcrsue (24. 3) He JaXOT BO3MOK-
HOCTH pemath AudpaKIHOHHEE 3afad9d, OHE MOTYT BCE jKe HOCIYKHUTD
IiA fajdbpEefimero pasBuTEA KAaUeCTBEHHHEIX NPeACTaBIEHHM.

M=u MorkeM Temeph yTBepsKAaTh BooGme, ITO ecam B moie ofpaso-
BaJach MO TeM MM WHHM OPHIMHAM 30HA C JaBIEHHEM, MOBHIIIEHHEIM
OPOTHB HaBIEHHMA B CBOGOAHO pacHpOCTPaHAKIMEACA BOJHE, To 006d-
3aTEJBHO [0JHEA 06pa30BaThCA TAKIKE W 30HA ¢ IOHHKEHHBIM JaBJIe-
mmeM. Ecim 06o3mauuTh jaBieHme B IepBo# 30He dYepes p-+p;, a
BO BTOPO# — d9epe3 p—p,, & €CJI’ 00BeMEL 30H 0603HAYEHEL COOTBETCT-
BegHO Yepes V; m V,, TO MOKHO OHTH

| pdv=—{pav. (2. 4)
Vi Va
Ecnz mavanbEHe faBiaeHns B o0erX YOOMAHYTHIX 30HaX HEOTMHAKOBHI,

10, 0603HAYAB X 9Yepe3 p; H py;, MokeM 3ammcaTh (24. 4) B Gouee
obmeM BmIe

[ i+ p)av=1{(pn—p)av. (24.5)

v, Y,

Coorromernust (24. 4) m (24. 5) Taxske ABIAAOTCA ciaencTBuAME (24. 3).
B meroTopux cayuasx 30mH I m 2 m pacupeneseHns KABICHHA B HAX
cAMMeTpuaHHEL. Torfa, Bo-mepBHX, p; =p,=Pps, 4, BO-BTOPHX, M MO-
yKeM npmMeHHTh (24. 5) K J000d mape CEMMETDHIHO PACIOJIOKEHHEIX
9JIeMEeHTOB 00BeMa, 4TO IoCie COKpameHmsa Ha dV pmaer

Py +pa=pn—pa~ (24 6)

ITox ps mompasyMmeBaercAa AaBieHHe AEPPAKIHOHHON BOJHH,
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OTH CHMMETDHIHHE CIyJal yROGHO TPAaKTOBATH KAK PesyJbTaT
OJHOBPEMEHHOT0 HANMYMA HCTOYHAKA W PABHOTO €MY 10 HaOpsMeH-
HOCTH CTOKA (WIE MEHYC-ECTOYHEKA).

Hoscnum a10 Ha npumepe. IIycrs miockas sonna BB pacapocrpa-
HAETCA NAPAIENBHO IITOCKOMY 3KECTKOMY 9KpaHy, B KOTODOM IpoJe-
nago manenproe orsepcrre O (puc. 66). Toraa mo Ty cropony skpana
obpasyercsi wapoBasg RAmdppaxuyumonnas Boxna ¢ dpoutom CC u Heu-
tpom B O. Ilo npenripymemy meo6xomumo, 4robnl 10 3Ty CTOPOHY
9KpaHa NPOHB0LIJIO COOTBETCTBYIINEE NOHHKEHHe NABAEHHS, YTO

MOJKHO IOpPefCTaBHTh KaK pe3ynbTar moABienus B O OTPpHLATEeNb1Oro
HCTOYHHKA TAKOH iKe HaOpsAKEHIHOCTU.

i 1 1

Pmc. 66 Puc. 67

Taxmm o6pasom, orseperue O ABIACTCH HCTOIEMKOM AIA HIMKHETO
OOJNYOPOCTPARHCTBA M CTOKOM MAias Bepxmero. Ho aroro mano: ecam
OPOCAEINTh PASBHTHE SBIEHHAS C MOMEHTA HPHEX0Na QpOHTA K OTBEp-
crmio O, To CTaHeT OYEBUIHBIM, YTO PaBeHCTBO (24. 5) HyHO HpmMe-
HATb A N000r0o MOMEHTA K ONHHAKOBHM o0heMaM mo ofe CTOPOHH
9KpaHa (IOTPEXOBHE JEHAE Ha puc. 66) m uro He Toabko dpontn CC
% DD pacmonoxens COBePHMEHHO CHMMETPHIHO, HO B pacupenesesue
KaBieHmd BHYTpH 00emX MAudparOMOHHHX 06JacTed TaKKe CEMMeT-
pEuHO. 3TO, B 06mMEM COBEPINEHHO OYEBHIHOE, HONOHEHHAE MH OCTAaB-
aseM 6e3 GopMalbHOrO MOKA3aTelNbCTBA.

Crasannoe cmpasegimBo m B Gonee o6mem ciywae. Ilyers mito-
CKasg BOJIHA, PACHpOCTPaHAIOMAsACA CjIeBa HANpPaBO, BCTPeYaeT IMJIO-
CKHEH KeCTKEH 5KpaH ¢ OTBEPCTHEM IPOM3BONLIOE QOPMbl M UPOM3-
BOJNBHBIX pas3mepos (pmc. 67). Copasa or skpaua obpasyercs «upoxo-
nAmas» qudpaKOEOHHAA BOJHA, a CIEBA, BO-NEPBLX, MIOCKUA GpPOHT
OTpaxeHHON BOJHH M, BO-BTOPHX, OTPa)KeHHAdA JAUPPAKNEOHHAR
BOJHA, COBEPMIEHHO CHMMETPHIHAA MPOXORAMEH.

Wurepecuo, 9T0 9TW OpeNCTABJICGHMA BRASPKHEBAIOT IpeReIbHHH
mepexon BIUIOTH [0 MOJHOIO YCTPAHEHHWS BKDAHA.

IMonoskmum, 9To NaBJeHHe MAJAX0Meid BOJHK DABHO eNwHHue. Dy-
IeM HeOTPAHHYEHHO YBEJIMIMBATH OTBEPCTHE B 3KpaHe, NOKA OH HE
rcaesner BoBce. OT TAKOro mPeAENBHOTO mepexofa y HACc OCTAHYTCA:
1) mpaMas BoAHA C JaBieHueM, PaBHEM 1; 2) oTpakeHBas BOJIHA
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¢ naBiennem 1; 3) orparkenHas TP paKUEONHAA BOIHA C AaBlIeHneM —1;
4) mpoxopaman gadpakIUOEHAA BOJMHA C JaBieHHEM, paBuuM 1,
IlepBrie TP® ciaraeMBIX OTHOCATCA K HONYIPOCTPAHCTBY mepen
SKpPAHOM @ AT B CyMMe eJHHHIY; TO JKe 3HAUEHHE NONYIaeTCA .
o3agd 9KpaHA, TOYHEe — [O3a4d TOH IIOCKOCTH, THe OH O,

/
| - | |,/
| > | /
i 110 112 : v
{ ! /

I .
! { /
|
! 110 117 | /1]0
| > < } /b
I ] /

a ¢ 2
Puc. 68 Puc, 69

Wrak, MH mosry9aeM OPaBAIBHYI0 KAPTHHY GeCIpPenITCTBEHHO PAcOpo-
CTpPaHAIOMEN’Ccs IJIOCKOM BOJHEHL

Ham mpumrogumres eme mpefcraBieHme 0 nepermbe oA, YIOMA-
HyTOe B § 3 m moMorarmee BHACHATH CTPOEHWE IOJA HPH OTPAKEHHAM,
Peur mper o ToM, To ecad Ha depre)ke m300pasuTh pacmpefieleHme
JOaBJEHAA B IOJE, & 3aTeM M300pasuTh [oJe, H3MEHEHHOE BCIEHCTBHE
BHECEHHA B HETO JKeCTKOT0 HEOTPAHMICHHOTO 3KpPAaHA, TO BTOPOH
9epTer NHOAYIAeTCA H3 NMEPBOro HmyreM HepermGaHmsi ero 0 JIAHAD
pacmoosKeHHsl SKpaHA. Ilpm STOM HaBIeHES B COBMENMAEMHIX NPH
meperufe TOIKAX depTerka CRIANHBAIOTCA.

Heckonbxo npaMepoB Takoro mMOCTPOEHAS MOKA3aHE Ha pHC. 68 —
71, roe GyxBo# a ofo3madena KapTHHA HOJH [0 BHECEHHA DKpaHa,
a OyKBOil 6 — mOC/e BHECEHHAA 9KpPAaHA, IONOKEHHE KOTOPOTO OTMe-
9eHO HA PHUCYHKAX IITPEXOBOHA NIpPAMOH.

Ecam peap maer o miockoir 3ajade, To IIOCKOCTh mepermbaercs
OTHOCUTeNbHO JHHWUA; A IPOCTPAHCTBEHHOMA 3a1a9d MOKHO FOBOPHATH
o mepermbe 06beMa OTHOCHTEIBHO MIOCKOCTA. Tak, manpmMep, pac. 70
MOMKHO TOJKOBaTh JmO0 Kak m300pasKeHme IJIOCKOTO moasd, auGo
KaK OPOoeKn@io Imonxsg cdepmuecKoil BOMHH, BCTPEYAIOMEH IJIOCKHAR
9KpaH.

Ilycte B 3Kpame mMeeTcs OTBEPCTHE, OKOJIO KOTOPOTO BO3HEKAET
mudpaKO@moOHHAA KapTmHA. Eciam 3T0 OTBepCTHE 3aKpHTHL BKPAHOM,
KOTODH, TaKuM 00pa3oM, [eraeTcs HeOTPAHHISHHEM, TO MBI [OMKHE
TIOIXYYATh IPOCTOE OTPAKEHHE.

C Toukm 3penus mepermfa IOJA BTO 03HAYAET, UTO COBMEIICHHE
oonedl OPOXOAAmMEHR M OTPAKEHHOM AUOPAKLMOHHHX BOJH TOMMKHO
HaBaTh B CyMMe HOJXE IPOCTOH OTPaKeHHOH BOJHEL. JTO CO0GpaykeHHe
EJIJI(Ié)ZTIZIpyeMoe pmc. 71, Momer GHITH BHIBEJIGHO HEIOCPEHCTBEHHO
u3 . 4).
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M=l npennonaraeM, 9To B mosie, T. €. BHYTPU 00aaCTH, OTPaHAIEH-
HOH QpPOHTOM, HaBleHUEe MeHseTcd HempepnBHo. Eciam Ttak, To mpm
mepernfe monA pKaBleHme N0 JEHEM nepermba ynsamBaerca (T. e.
JaBlleHHe YJABAaWBaeTCA B De3yJbTaTe OTPAKEHHWA Ha CaMoil moBepXx-
HOCTH JKeCTKOTO 9KpaHa). Ho B TakoM ciaydae mnpm «pasruGapmm»
[oJIsl, 9TO COOTBETCTBYET HOJHOMY MJIE YACTUIHOMY YCTPAHENHI IK-
paHa, LaBilenue N0 JHMHAW Pasruda TOMKHO YMEHBIIETLCA BIBOE.

2
i Lo ! i
)
! | ! 12440
Voo | 0 A l’a
! = l - 1
S T R R
' -t
| | -
a | ] ! 17210
]
Pue. 70 Pme. 71

910 DOCIEHEe CO0OPArKeHre IOMOIKET HAM CYIMECTBEHHO YIPOCTHATE
$OpPMYIHPOBKY IPAHUYHHX YCIOBHE nmdpaKO@EOHHOE B3amadm, pe-
maeMoi B clefymmeM maparpade.

§ 25. Indparuusa or npsMormHeiiHOro Kpas

PeiliunM mna HEYCTAHOBHBIIErOCA pEKUMA KIACCHYECKYIO 3amady
o nmdpakuEE OT HpAMonuueirHoro kpas. Ilocranoska 3amadu TaKoBa:
OJIOCKAA BOJHA BCTPETALTCS C ITOCKHEM ;KECTHUM GECKOHETHO TOHKHM
noiyGesrpaHMIHEM BKPAHOM, IPAMOIMHEHHHA
Kpail KOTOpOro mapaixjeleH (POHTY BOJIHHL.
3ajmava sTa ABIAETCA MIOCKOH. YTOJ BCTPEUH,
T. €. YyroJ MemLy HAmpaBJeHHEM pacIpocTpa-
HEeHHA W HAUDABIEHHEM IIOCKOI0 9KpaHa, mpo-
u3BoaeH. OnHAKO MK OpHUBefeM COepPBa pelle-
HEe 3ajJa9d AIsS [BYX 9YaCTHHX CIydaeB: AJs
clydas CKONBIKEHHS BOIHBI DaPAJIENbHO
SKPaHy ® IJIs Cilydas HOPMAJBHOrO HafeHUs,
mocie 9ero mepexof K ofmeMy ciaydan He
COCTABHT 3aTPYyJHEHMIA.

a) Caynall CKOAbICEHUS 0AHbL NADALAEALHO
skpary. O0mas KapTAEa ABIEHHS HA IUIOCKO- Pme. 72
CTH, OePHOeHAUKYJISAPHOHX Kpao, IOKa3aHA HAa
pmc. 72. OpoHT eNEHMIHOA BOJHH, pacHpocTpamHAMelicA COpaBa
HaleBo, yie MEHOBaJ Kpaid O’sxpana, cliell KOTOPOrO Ha INIOCKOCTH
gepreska 0Go3Hauen aBodHo# nmHEed. Jmdppaxnmonnoe moae pasBE-
BaeTCA B NWIEHADE I < ¢f, €CTE BpeMs OTCIMTHIBAETCA OT MOMEHTa
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gpuxofa ¢porra BOJHHE HA Kpa# sxpana. Ilorenuumasn mepen dpourom
(t. e. TaM, Ky/Za BOJHA eIlle He IIPHWILIA) Besje paBer Hyaw. [lozagm
¢ponTa mIOCKOH BOMHN mOTERNMAN paBeH enunune. [loTennman BayTp
Kpyra IudpaKIuy HEE3BECTEeH; 3a{a9a U COCTOMT B €r0 HAXOKICHHH.
Samaga CBOMUTCA K pA3HICKAHUIO DpeImeHUA BOJHOBOLO YPaBHEHHSA

2,
Sl ey L 2, (25.1)
r r or rz2  oda? ¢ o2

YAOBIETBOPAOMMEro IPAHAIHLIM YCIOBHAM. 3aMETHM IPEXKIE BCero,
910 B cuay ocobenHocTedl Hamell 3amadum pedb mAeT 06 OXHOPONHOM
pelleHAr BOJHOBOTO YpaBHEHMA. DBCiaeicTBHE 5TOro, BBOAA HOBHIiA
GespasMepHbIit apryment z=f (r/cf), MBl MOX€M CBECTH BOJHO-
Boe ypaBHeHme K ypasuenmio Jlanmaca. C dmamueckodl Toukm 3penus
3TO 03HA9aeT, 9TO KAPTHHA PUC. 72 C TeYeHWEM BPEMEHH yBEeIHIuBa-
eTcA B JmHeHHHX pasMepax NpPONOPHOUOHAIBHO BPEMEHH, T. €. CO-
xpauss noxobme camoit cebe. I'paHMIHEE YCIOBEA OCTAIOTCA OPH 3TOM
Hem3MeHHEME. B paccMaTpumBaeMoM Ciydae OHH TAKOBHI:

1) =0 ua BepxHe# moxyokpyKHocrd; 2) ¢=1 Ha HWKHeHX moxy-
oxkpyxuocrm; 3) dp/0n=0 ma o6omx Oeperax paspesa OO JHHEUA
9KpaHa.

Mu mMeeM, TakaM 06pasoM, 3agady CMENIAHHOTO TUNA (IpaHAYHBIE
YCIOBHA BHIPQKEHH KaK 4epe3 HOTEHIHAN, TAK M 9ePe3 ero HOPpMalb-
HYI0 OpPOH3BOJHYI0), OCIOKHEHHYI0 HalmimeM paspesa. Kowxeuno,
H B TAKOM BHJe 33fada MOYKET PEIMAThCA OGBIIHLIME METONAMH TEOPHH
OyHKUmME KOMIIEKCHOM mepeMenHoi. OfHAKO MH HpPENUPHEMEM YIpo-
HmeHEe NOCTAHOBKHE 3aKaYm, mOCHe d4ero OyAeM pellaTh ee aJIeMeHTap-
HEIMA CPEXCTBAMH.

Ha ocroBanum paccysxmenmit npequaymero naparpadga Mel MoKeM
yTBEp)KOATh, BO-LEPBHIX, 4TO moTeHnman Ha pammyce O'A” pasem
1/,, a BO-BTODHIX, 9TO €CIH NOTEHLUHAX B JIOGOH TOIKe BEPXHEro
DOJIyKpyra o6o3Haden 3epes ¢, TO MJIA CAMMETDPHIHO PACHIONOMKEHHOR
TOYKE HIKHEr0 NOJYKpPYra HOTEHUHAJ AOJKeH OhHTh paseH 1—op.
TlepBoe yTBepmeHme BhHTeKaeT M3 HOHATUA O <«pasrabanmm» Do,
HeicTBuTeibEO, €ciad O dKPaH ObI HEOTPAHHYIEH, TO LOTEHIHAJ
ga 0’4’ 6un 6H paseH efumuune. Eciam ke Kpam Ha 3TOM y9acTKe
yeTpaHmETh (4TO COOTBETCTBYET «PA3ruGaHmIo), TO NOTEHIIHAN [0J-
7KeH YMEHBIUATHCA BIBOe, T. €. M3MEHHThCA Ao sHavenms 1/,. Uro
KacaeTcsi BTOPOI0 YTBEDKNEHHS, TO OHO HEIOCDEHCTBEHHO CJEIyeT
u3 dopmyan (24. 6).

B pesyasrare mocTaHOBKAa 3afaid CYIMIECTBEHHO YIPONIAETCA:
MBI JIOJI’KHBI MCKATh PEIIeHHe BOJHOBOTO ypPaBHEHHS KIS HOJYKPyTa
Op¥ CAENYyOMAX IPAHHIHLIX YCAOBHAX (NI BEPXHET0 HOIYKPYTa):
a) ¢=0 — ma moayokpymkuoctm; b) ¢=!/, — ma pagmyce O'A";
c) dp/dn=0 — ua pamguyce O’'4".

IIpeoGpasyem temeps ypaBeemme (25.1). B paccMarpmBaemom
clIydiae odYeHL yAOOHO 3aMeHHTh MEPEMEHHYI0 10 (opmy.e

chz=ct/r, (25.2)
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gro mpmeoguT (25. 1) k ypaBmenmio Jlamnaca B 1ekapTOBHIX KOOpPHH-
HaTax

0%/022 4 9*Y/da® = 0. (29.3)

I'papmusmie ycaoBmsas Ha ocHOBaEmE (25. 2) NpPHEEEMAIOT BHJ

a) $(0, 9=0[0<alw], b)¢(z ®)=" ) §(z 0)=0.
Pemmenmem ypaBueEms (25. 3) MomeT GHTh, KaK H3BECTHO, NPO-

#3BeNeHMe TPHTOHOMETPHEIECKOH ¢YHKIOMM OJHOTO AapryMeHTa Ha
SKCIOHEHNHMANBHYID (YHKIHIO APYroro.

1
=27 -7 0 T IRa

Mu 6ynem uckatTL pemeHme B BHE psifa
b (2, @) = g/2 4+ X a,, cos mae=m=, (29. 4)

Cymma mo KocmHycam BmGpaHa Jis Toro, 94ToGH yAOBJICTBOPHTH
yesoBmio ¢). lamee mo ycaoBuAM 3agaym

010<aln],

YO D= e,

a m3 (25. 4) nmeem

¢ (0, @) =a,/2 4+ X a, cos ma,

TaK 4TO
0 0<a<<q],
1 [r<<a<2r|

st Toro yTo6Hl LOJNYYUTH PA3I0;KEHAE 3TOR GYHKIAK 0 KOCUHY-
caM, [00aBUM TETHOE HPONOJKeHHme 3TOH PyHKIuu B ofxacTH OTpH-
maTeabubix a (pme. 73), a HAA TOro YTOOH YHOBJETBOPATH YCIOBHIO

b), pasmoum mpaBywo dacts B paAf Dypse IO IMONOBHHHHM YIjaM.
Mpb nonyamM

$ (0, a)= a°—|—2a €0S ma =

a, /2 4+ 2 a,, Cos na =

I
l\.‘)]

iw cos (2k —1)a/2 5
™ g —Aye (2 — 1) (25.9)

924 A. A. Xapxeend, T. i 369



2k —1 (—1)k1
= W= m—r» =l

Iloncranaa T sHadeHma B (25. 4), maxommM

2k—1
a - ) z
cos (2k —1) 5 e

(—1)%1 2k — 1)

iz @) =7 1_§2 [0<a<n]. (25.6)

k=1

[Momo6pannaa TakuM 00pa3oM QYHKIAA YIOBIETBOPAET KAK ypaB-
Henmo (25. 3), TaK M IPAaHAIHEIM YCIOBHAM a), b) m ¢), u maer, craio
GuTh, pemieHme 3afa9d [JIA BepPXHEro HONyKpyra. ua HmxHero
nonykpyra, T. €. opE [—= < a < 0], mymxno Bmdects (25. 6) us
eqmamiy. He ocranaBnmBasgck na dopmyne (25. 6), npaBefeM pemenue
K xomewnoi#t ¢opme. [[na sToro mpexcrasmM psag m3 (25. 6) B caeyio-
meM BHpe:

_ z 2 .
4 & ©0S (2K —1) ? 4 o T (T
4 :—-ReE————————:
o ()b 2k——1) ™ (— 1)k (2k — 1)
_ J: e;}z 85.12 —4 . .
_-ERe(\—i——-—:g—-{——g——...)-;Re(alctge),
rae 0003HAYeHO
1 .
= (—2+ ).
Ilanee
2a
arctg(a+]b) ?<ar0‘é-1—-—'-+]A][hm),
Y mac
= -z,
__, 3 a. — 2 qin X
a=e *cosy; b=e *sing
4, CTajno OHTh,
~Z
2 2 cos— —_—
4 o 2 2 ’1+005a
;’ Re (arcl,ge ) —;aICtg——i—_—E_z———? 810Lg]/ m,

UK, lepexons K IliepBOHAa4Ya/IbLHOMY apryMenTy,

¢ (r, a):-é-(i F %arctg ‘/%coi) . (25.7)
— 1
r
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3uaku (—) & (4) OTHOCATCA, COOTBETCTBEHHO, K BEPXHEMY H HE/KHEMY
noaykpyraM. @opmyaa (25. 7) maer okoHIaTeIbHOE DeIleHAE 3aAaTH.

JKBUIOTeHNWANbHNE JHHUN, NOCTPOEHHBE HA OCHOBAHHW BLIYHC-
neun#t mo dopmyne (25. 7), msobpaskenst Ha puc.74.

6) Cayuaili HOpmaabHo20 nadenus. BolHOBAA KapTHHA IOKa3aHa
pa puc. 75. Enuumdnas miockas Boana npuxogur cHmsy. Ciesa
BBEPXY — QpPOHT npoxofAmeidt miockoi Boxubl. CrmpaBa BHE3Y —
(GPOHT IOJHOCTBI0 OTPAKEHHOH OT DKPaHa BOJIHBI, PACHPOCTPAHAI-
meiica B o6paTHoM HanpasieHun. [lepex ¢PpoHTOM NpPAMOA BONEH
=0, nosanm pponTta mpsamoir Boxubl ¢ =1, mozanu PpoHTa OTPAKEH-
poii Bonum ¢=2. [Ipn momMomu «pa3rabaEmaA» ycTaHaBAMBaEM, ITO HA

Puc. 74 Puc. 75

0’A’ 9=1. Ha O"A" no-npexuemy d¢/on=0. [udppaxuumonnoe spie-
Hue pas3BHBaeTcA B Kpyre r < ¢f, OpuYeM CPAHHIHEIE YCIOBHA Ha
OKPY/KHOCTH r==Ct [l BEPXHET0 HOJYKPYra TAKOBH
0 [0<a<m/2],
ooty @)= 1 [r2<<a<x].

Kak m pambime, mepeinem K ¢yuxumm ¢ (z, «). I'papmunse ycio-
BAA 337aTd EMEIT BHI

o[0<a<12‘.], b) ¢ (z, m)=1;

a) (0, a) = =
1[?‘<a<u]; ¢) ¢, (z, 0)=0.

Bynem mo-mpesxHeMy mckaTh pemenme B Bmie (25. 4). Ha sror pas,
9T06H YMOBAETBOPHTH YCIOBAAM 33aJa4d, BO3BMeM 9YETHO-IIPOLOI-
JKeHHYI0 (QYHKIAIO

0 P<a< 2,
$0, e)y=1 [F2<al 3=/2],
2 [3n/2 < a<2m]
%> an



(puc. 76). Pasnoenue aToft GyHKIUME 110 KOCHHYCAM IONOBHHHHIX
yrioB HMeeT BHJ

z»/? cos (2 — 1) 5
$(0, a)==1— EE;C H—1

k=1

rae
£,=1,1, —1, —1, 1,
TakuM oGpasom,

2k—1
s & cos(k—1)5e ° :
b 9=1—2L D, e 0<a<n]. (25.8)
k=1
@0

——
T 3T [e4

=
RS

Jdra ¢opmyna gaeT pelleHHe 3afavYd NIA BepPXHEro MOJYKpyTra
B Qopme Gecxomesroro psma. /1 aTo BHIpaKeHHe MOMKHO IIPUBECTH
K KOHeYHO#t opMe, OfHAKO HA 3TOT pa3 HYKHO HaM mopxo6pars QyHK-
OUIO, IPENCTaBIAAEMYIO p;mOM

31ecs mpEaeTCA BOCHONB30BAaThCA NHKIHYHOCTHIO PAMA IIO CTEIEHAM
VJj. Mu nonydum

F(z)= ——(arctg Viz — arctg jVjz)-
IlopcraBusas
1
3 (—stja)
z=e? ,
OpofennBas BCe BHIKIAJKA M BO3BPAamasACh K IEPBOHAYANBHOMY
apryMenTy, NOAYyYEM peHIeHHe 3aJayd B CIeqyIIed OKOHYATEIbHON

dopme:
2 cos 5 Verjr — 1

— 1
ol a)=1F o arctg—r——rrr

(25.9)
Ha pume. 77 m306pakeHH SKBHNOTEHNAAIBHHE JHHEE AIA pac-
CMOTDEHHOIO CIydas.
8) O6wulii cayuaii. B o6meM cllydae Hamel 3agadd IJIOCKAsA BOJHA
nafgaerT Ha 9KpaH mon npomaBonabHeM yraoM. Ha pmc. 78 maobpaxena
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kapTmHa AB/j1ennuA. llJIockocTh vKpama cocTaBiasier ¢ LampaBleHdeM
pacupocrpasenuss yron §. CieBa — QpoHT mpoxo;Amied cuusy mps-
mol BonHE. Takxoi e GponT mMeercA M cupaBa — TaM, e NpAMas
BOTHA eme He fomuia 70 osxpauna (upasee Toukm A). Jleee Toukm A
ofpasoBaica ymKe (QPOHT OTParKeHHO0H BOJHAL.

PBcC. 77

T'panmunnie ycnoBma b) # ¢) ocramorcs pis obmero ciaysasTe jke,
9T0 ® A OPefBIAYIMero YacTHOTO CJydas, eCJd OTCIATHBATHL Hepe-
MEHHHA yroJ o HO-Hpe:KHeMy OT NJIOCKOCTH sKpaHa. UTo ke Ka-
caeTcsl YCIOBHA a), TO IJS HETo MBEL UMEeM

0 0<TaH,
Peh D=y 1y cacnl,

BruGupan mgaa ¢ (0, «) ¢pysxiuio
0 [0<a< ],
0, )=1 [P <<a<l2r—98],
2 [2r — 3% << a<2n]

u feficTBYA aHalOTMYHO NPEIHAYIEeMY, NMONYyYUM pelleHHme

2k—1

—_—z

9 ~-Z
sin (2k—-1) 5 cos 2k —1) 5re 2

$ (2, a)=1—74;kz %% —1
= O<a<r].  (25.10)

B wacrHOM ciydae mopMaubHOro majgeHus $=/2 m (25. 10) mepexo-
mmt B (25. 8). Ilpm croxbskeHWE BONHHE DApallIeIBHO dKPaHy 9=,
u M monyamym (25. 6). IIpu moMom® BHINEONNCAHHKX IPAEMOB MOKIQ
npencraButs (25. 10) B xomeamo#r Qopwme,

373



§ 26. Heroropmie 3ajaam m3nydeHnA

3ajaya M3IyYeHHsT COCTOMT OOHYHO B HAXO)KAGHHU IIOJS HEKOTO-
poro mcroanmra. OOHYHBIA DpWeM peIIeHEA 3TOX 3aadlm COCTOMT
B TOM, ITO HOBEPXHOCTH M3/IydaTes s pa3buBaioT HA GECKOHETHO Mallble
5JIEMEHTH, KaKHHHA H3 KOTOPHIX PACCMATPUBAETCH KAK TOYCUHEIH
ucrourmk. CocraBagior nuddepeHnuanbHoe BHPAKEHHME OIS IOTeH-
I@aaa, HABOJAUMOTO KaKIuM aiemenToM dS B Touxke Habmomenmsa A,

R
1},,<t —?)dS

de = %R ’

rae R — paccroasme ot dS mo A; v, () — HOpMaJbHAafg CKOPOCTH
snementa dS (MHOMKHTENb 27 DPELNONATAIOT, YTO H3NYIEHHEE IPOUC-
XONUT B IOJYHPOCTPAHCTBO); 3aTeéM HMHTETPHPYIOT 3TO BHIPAKEHHE
00 BCell MOBEPXHOCTH HW3IydTaTelId.

Opmnako sra mpouenypa OpuMeHEMAa Ge30roBOPOYHO JHIIH B TOM
caydae, Korga Me;my ar000# TOUKO# mOJNA u JII0OBIM 3JIeMEeHTAPHEIM
HCTOYHHKOM MOKeT ObITh NIPOBEfeHa IIps-
Masg, He NEPeceKanmas HU H3IyIaTelnd,
HE Kaxkux-1u60 mpenarcrBmi. IToT caydai
XOTA ¥ UMeeT 3HAYeHHe, HO ABJISETCA BCETO
JUOIb 9aCTHEIM, M NOPHUTOM IIPOCTEHAITUM.
Bo Bcex 0CTAaNbHBIX CIyIadXx MBl HMEEM JI€JI0
¢ pudpaxnueir. Iro, mpaBma, He BCerma
ogeBmano. Hanpmmep, wusaydende pasgy-
BAIOMErocs IHapa B CHIY IEeHTPATHHOHR CHM-
MeTpuu HaXORUTCSA dIeMeHTapHo. V3nyTenue
OIapOBHIX aHTEHH (o0jiee BBHICOKHX MNODPATKOB
ompefiengeTcA, Kak MH pupeau B § 20, ogmmm ofmumM npmemom Ges
BCAKOTO YOOMHHAHHA O nudpakium. Tem He MeHee BCe 3TH 3aladu
00 CymecTBY NHPaKUMOHHbIE, H 3TO CTAHOBHTCA COBEPIIGHHO SCHEIM
HMEHHO TOTHA, KOTZA MBI OEITaeMcA BHYUCAATEH moJe [IapoBOA aH-
TeBHH IyTeM CYMMUPOBAHHA HOJEH OTAEILHEIX 3JIE€MEHTOB ee MOBepX-
roctr. H Bompocy o nmpparnmm or mapa Mer BepHeMcs B CIey0IeM
naparpade, a moKa BsafiMeMCA pacCMOTDeHMEM HEKOTODHIX 3ajad,
pemesne KOTOPHX obJerdyaerca MaTepHajoM IpeqIIecTBYIOMEX ITapa-
rpagos. Mmemno, M paccMoTpmM Bompoc 06 H3TYYeHHE MOTYIIO-
CKOCTH.

HOycrs orpamumvenEas mpAMOf MOMYIITOCKOCTH NBIKETCH CBEPXY
BEE3 (pmc. 79) co cKopocThIO

Pmec. 79

V= 0% (8)-

9T0 DABHOCWIBHO TOMY, KAK €CIH OH HIKHAS CTOpPOHA IOXYIIO-
CKOCTH BHE3AaIHO MOKPHJIAch DPABHOMEPHO pAaCIPEfe/IeHHHME IO0J0-
JKUTETbHHMHA HMCTOYHMKAME, a BEPXHAA — OTPHNATeABHHIMA. BHH3
H3IY9aeTCA MONOKETENbHAR eJUWHEMIHAA BOJIHA, BBEPX — OTPHIA-
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tenpEasA. Ho m3nydenme MCTOYHHKOB OZHOE CTODPOHM mOmAfaer Ha
KpYTYI0 CTOPOHY TOXBKO B pesynbrare Amppaxnmm. O6aacts mamd-
PaKLUA 3aKI09eHa B LUIAMHADE r < ¢, O0Chb KOTOPOro COBHANAET
¢ KpaeM HOJYIIOCKOCTH.

PaccraBuB Ha wepTeixe 3HAYeHMS NABIEHHA, MH yOe:kTaeMCs, IT0
rpaEWYHbEe YCIOBHA 3a1aYU TAKOBHI:

. —1 [0<a<n2],
o plet, )= 0 [;2<a < 3e2,
1 Br/2<<a<2m].

Kpome Toro, na O'A” maBiesnme paBHO HYII0 — 3TO CJeIyeT mPOCTO
u3 ycnoBud cmmmerpuu. V, HakoHen, HopManbHas cKopocTh Ha 0'A
paBHa 3ajaHHoil Benugune v. ITocaenuee ycnoBme na ocEOBaBE®E 06meit

3aBHCEMOCTE MEKAY MAaBJIEHHEM H CKOPOCTHIO MO;KET GHITH 3aOACAHO
B CIeAyIOIeM Buie:

Oplon = —p,0v[ot [a=10],
Ie n — HOPMAaNh K miIockocTn. Ho Tak Kak

v =vg5(t),
TO

Iplon = —pwyo, (t),

T. €. MBI IMEeM TOJNBKO HadadbHH{ uMnyasc (upu :=0); B manabuei-
meM dp/dn=0.

ComocraBiiAs BHACHEHHHE HAMHM IPAHWYHEIE YCJIOBHA C TEMH,
KOTOPHIE OTHOCATCA K 3afade O AudPaKOAM OTHOCHTEABHO HOJNY-
Ge3rpaEMYHOTO 9KpaHa OpH HOpMansHOM napgerud (cM. § 25 u pue. 77),
MH y0emxpmaeMmca, 4T0 o6e CHCTeMH TDAHMYHHX YCIAOBHHA pasind-
9al0TCA TONBKO MOCTOAHHKIM ClaraeMHM, paBHEM efummmne. Ho ecnm
TaK, TO M pemeHuA o0emX 3aJa¥ Pa3NMYAlTCA HA TO JKe CiaraeMoe,
TaK Kak ACHO, 9T0 (YHKOWA, YAOBIETBOPAMINAS ypaBHeHHI Jlam-
laca WJIu BONHOBOMY YDaBHEHHIO, He [epecTaHeT ObITh peIIeHmeM
THX YpaBHEHHH mocle npubaBieHmda K Hed 0004 NOCTOAHHOM
BeJIMYUHH.

Ha ocmoBanmu »Tux c00GpasKeHEH MEl MOKEM BOCIOJB30BATHCS

dopmynoi (25. 9) m cpasy BHOUCATH pemleHme paccMaTpUBaeMOd 3a-
naum

2 cos -;— Vetfr —1

pr, a)= -T-wv(,% arctg (26. 1)

ctfr—1—cosa

U OOCTPOmTH Kaprumy m3obap (pme. 80), Koropas orjimUaercsa OT
puc. 77 Take IOCTOAHHEIM CJaraeMbIM, DAaBHHM eJHHUIE.
Ipegnpgymui caydait cBogmIca K AefCTBHI0O MCTOYHHKOB Pa3HHIX
3HAKOB Ha 0GemX CTOpPOHAX MONYIJIOCKOCTH. B KadecTBe clemylomei
3ajaum pasbepeM caydait, Korga ofe CTOPOHBI HOXYINIOCKOCTE MO-
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KDHIBAIOTCA HCTOYHMKAME O{HOTO BHAKA, HAIPAMED IO OKATEIbHAMY.
C TouKE 3peHHUs ABWKEHHA IIOCKOCTE HYKHO IPECTaBuUTH cebe mioc-
KOCTH COCTOAMEH u3 [BYX CJI0EB, OBIIKYIMHAXCA C 3aJaHHOH CKOpO-
CTBI0 B LPOTHBOLOJIOKHBIE CTOPOHE. VHade roBops, ¢JI0Om pasngBu-
TalnTCA, WIH, IOOPOCTY, MIOCKOCTH YTONMAETCS, (IYXHET», O0CTa-
BasCh B CpeJHEM Ha MecTe. JTO — IUIOCKAs AHAJOTHA (IYXHYIIETo»
mapa.

Kax BBepx, Tax u BHW3 U3IYJIANTCA IONOKETEJbHEE eJUHHIHEIE
Bonmsl (pme. 81). YeumoBms na O'A ocratorcs mpesummu. UTo Ka-

Puc. 80 Pne. 81

caercss O"A’, To MBI HEYETO He MO)KeM CKa3aTh O [aBJIEHMH, KOTOpOe
TaM MOJXyJaeTcs, HO 3aTO M3 MOJHON CHMMETPMH KAapTHHH pacupe-
NeJeHUA NaBIEeHHWA MH 3aKiIodaeM, 9To na 0’4’ moaxHEO GHTH

dplon=0.

9To — oueHb BaKHHU BHBOX. Benps ecim Tak, TO MH He H3MEHEM
mososkennA, nomecTuB B O"A’ :xecTruit »KpaH. A Hocle STOTO CTa-
HOBHTCA SACHHM, YTO 3a[aYa He NPHHANIEKUT K TACIAY AEPPaKOEOH-
HEIX — HTO 3JIeMEHTapHaf 3a7ada M3AydeHHS B UOJYIPOCTPAHCTBO,
KOTOPYI0 MHl ceifgac H pemuM OOKHIHHM MeTomoM. BrImciiemme Bo
BCEM CXONHO C Tem, KoTopoe OHo mpomenanmo B § 16 B cBasm ¢
BompocoM o GamwxEEM IoJe KPYroBOM anTemHH. PasmEumma cBogures
K IpefielaM WHTerpmpoBanmA. Bemomorarensnoe mocrpoenme maobpa-
’KeHo Ha pHme. 82. Mer ummeem
R
du (t——;)

0p = b — gL,

rue

Ho
du=vdS, v =1,9,(¢),

Fo =2pS=2wvoct



#, cTailo OHTH,

dp =12 5, (1—L)as.

BrGepeM aneMeHT miow@aau B Bije
dS = adadB = RARd3
(puc. 82) m oGo3maunm

Rlc =r-.

Torua HOaBJIeHNe B TOYKe HaGIIIOIlellHH BBHIPA3UTCA HHTeEIpalloM

p__:w?vo S S o, (t —1) d‘cd@:ww”

T
N

ooy (£ — ) dx =220, (1) ot — £ ).

ot e—8

Has B, w3 pme. 82 maxopum

"~ cos
— L cosa
By (t) = arccos ‘

/o T ginta
] ':2—-—'0—2 sin2a

u, TakuM o0pasoM, pelleHHe Halueil 3alayu uUMeeT BUJ

p:%’ arecos ————t (26. 2)

V(_c;_)ﬁ — sin%a

WsoGapsl fis paccMoTpeHHEOM safiaim m306paxems! Ha pme. 83. Mu
y9IX TpPE TOCTPOEHEH, ITO B TOM CIydae, KOTAa HPOEKNHES TOYKH
HaGMOfeHAsA NeKET HA M3IyYaled NOIymIockocTH, B dopmyie
(26. 2) maMmeHnsieTCA 3HAK apryMeHTa arccos.

PacemorpmM eme ofmy samady. Ilycrte TpebyeTcsa HaiiTm moue,
co3TaBaeMoe IOMYIIOCKOCTBIO, KOTOpad IOKDPHBAETCA UCTOTHAKAME
TOIBKO ¢ 0fHOH cTopOHE. [Ipy pelmednn: ATOH 3aJa9l MOIKEO BOCIOMb-
30BaTHCH TEM OOCTOATENBCTBOM, dYTO BHIMEPAaCCMOTPEHHKE 3aLaId
He TOJIBKO JIMHeHHH, IO KOPPEKTHO IOCTAaBJEHH, T. €. PEMeHHs He-
NpepHBEEIM 00pasoM 3aBucAT OT rpaEudHnX yciaosmi. Ilosromy
HCKOMO€ pelleHye MO;KHO IOCTPORTD IIyTeM HaJl0)KeHHs PelleHni [BY X
MpeNHAymaX 3afad. AHATMTHIECKH DEIeHHEe BHPA3WICA MOMYCYM-
moit (26. 1) u (26. 2). CoorBercTayomas KapTEHAa H306ap mMOKasaHa
Ha pmc. 84.

BafiMeMca Temeph OXHAM CIENMATbHBIM BOIPOCOM, CBSBAHEEM
¢ TpemHIymuM, a8 EMEHHO, BONPOCOM O PeaKIHE HA HM3IYIAIOIMYI0
moaymIockocrs. Jlemo B ToM, 9r0 Graromaps fEGPAKIEOHHOMY ABJIe-
HEI, Pa3BEBAKMEMYCA y Kpasd HONYNIOCKOCTH, fABJIEHHE B Ipe-
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pelax mpuierammel k Kpawo moJoCH IKPHHOHA ¢! OKa3sBaeTCA MEEbIIe,
geM ecad Obl Takas MOJOCA OPHHANJIExKANa OECKOHEIHOU LIOCKOCTH,
OBIKYDIeHCA ¢ TaKoil ke HOPMaJIbHOM CKopocThIo. [laBnenne B mpepe-

Puc. 83 Pnc. 84

JaxX YKa3aEHOH MOJIOCH 3aBHCHT, KOHEYHO, OT KOOPAWHATH HA IJIO-
ckocra. CoorBercTByoOmme QGopMyns Jerko mnonyumts u3 (26. 1)
7 (26. 2), monokmB B Hux «=0. Mn BbYmCIUM HONHYIO CHIy, HeH-
\ CTBYIOIIYI0 HAa HOJOCY WIHPWHON ¢t m OJm-

T HO#, PaBHOX eqWHHMNE, AJA BCeX Tpex pac-
T CMOTPEHHHIX CIy9aeB, CXEMaTHIECKH W30-
a OpakemHux Ha pmc. 85. Mepoi cpasmenma

DOCHAYKUT CHIA, ReHCTBYIOMAA HA TAKYIO sKe
\ OI0OMANKy O0ecKOHEIHOH MIIOCKOCTH. ITY
R BEJWIUEY JIETKO OLIPENeJIATh; OHA pPaBHA

————————— Fo =2pS = ZwDOCt'

Muomurens 2 yYHTHBAET TO 0GCTOATENBb-
CTBO, 9TO OpPW JBIYKEHHH IJIOCKOCTH HEpef
He#l obpasyercss cxaThme, a Ho3agd Hee —

++tFtt+t++

8 TaKoe e N0 abCoMOTHON BelwdmHe paspe-
JHEHHe.
Pre. 85 Hnsa cnygas pmec. 85, a MBI uMeeM H3

(26. 2) caemyiomee BHpaKeHWEe NI pacipe-
NeJeHRA NABJIGHEA B IpefelaX HHETEPecyIOmed Hac IOJOCH:

wvy r
= S { ——
p=—,_arcco ( ct).

Wuererpnpys, HajiieM BeIWYIRHY CHIH

ct
2wy r _n—1 .
= : 30 S are cos <—?t"> dr...TZwuoct =0,68F,.

)

Ona cnygaa puc. 85,6, nonaraga a =0 B dopmyse (26.1), momyuum
A JaBIeHAA

__wyg 2Vetfr —1 __Wwyp ( r
p__—ﬂ—arctg m—«— = arccos 1_20—{)’
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¥ 1A CH.IA

1

2 /
F:—'f—é’ﬂ S arccos kl —2?;->dr=wuoct =0,5F,.

Haxomen, B eayuae puc. 83,6 Ha OfHY CTOPOHY NONYIIOCKOCTH Aeii-
¢TBYeT [aBieHUe

p1="-;—-i°[arccos (—é—)—{-arccos (1 —2{? ],
a Ha JPYIyi0 CTOPOHY

pz-:%"“i !_arccos <——c—rt)— arccos (1 — 2°th)]

PasHocTh maBieHmil
wo,
P1— pp=——arccos (1 — 2r/ct)
u o0ycioBJieHHada 3TOH Pa3HOCTBHI CHIA

F_—..—%- wvect = 0,25 F .

§ 27. IlpeoOpasosanue obmacta mudparuma

Hax MH Bumaens, sieMeHTapHAs 3afada M3JIYIeHHS, T. €. 3afavua
HaXOKIEHNA IOJA HEKOTOPOrO HCTOYHHMKA, PelIaeTcd BechbMa IpPOCTOo;
pemenme Mo)KeT OHTH 3ammcaHo cpasy B gopme mATerpajia

1 ¢ s,(t—R -
?A=§-§”‘—R—’i’-ds, 27.1)

rne v, — HOPMaJbHA#g CKOPOCTH 3JIeMeHTa moBepxHocTH dS; R —
paccrosiage ot dS mo Toukm HabmiomermA A; Q — TejecHHE yrou,
B KOTODHIH M3JIydaer KaxOelid snemeHT dS.

Opmaxo sTa opMysna OpPUMEHEMA TONBKO B TeX CIYyYasdXx, KOLMa
aobo# paguyc-BekTop R, mposenenmnii m3 dS B A, He mepecexaer
HA WMCTOYHHKA, HA KAKHX-IA00 OpensATCTBHE, MHAYe LOBODPA, KOITa
TouKa A BmaHa m3 JN000H TOYKM HOBEPXHOCTH MCTOUHEMKA. Ecim 3T0
YCJIOBHE He BBHIIOJHEHO, 33fada OTHOCHTICA K YHCAY Au(PAKIAOHHEIX,
u dopmyna (27.1) mempmMmeHmMa.

Moxuo mpefoRUTh OCOOBIH MeTOj pemeHHMA JEPPAKTEOHHLIX
3amad, o6DIasa maed KOTOPOTO COCTOHT B TAKOM HPE0DPA30BAHAM WOJA,
9T00H yClIOBHE (IPAMOHA BHAAMOCTHY OBLIO BHIIOAHEHO, IIOCHE TETo
JudpaKIEOHHAA 3a7ada CBONMUTCA K SIEMEHTAPHOR 33a7aYe M3IydeHns.
ITox mpeoGpasoBammes mMOJA HOKPA3yMEBALTCA HEKOTOPAA Aeopmanus
ero. OueBmpzo, 9ro mpeofpa3oBanme JOMKHO ORITH MHBAaDHAHTHEIM
0 OTHOIIEHWIO K BOJXHOBOMY ypaBHeHmio. C aHajiIaTHIeCKOH TOUKH
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3penma npeoGpazoBaHme COCTOUT B Iepexofe K HOBLIM KOOPAMHATAM
B BOMHOBOM ypaBHenud. [lociie TOro kKak DOJNydYeHO peIIeHHE 3ajlavu
B HOBHIX KOODAMHATaX, HCKOMOE pelleHWe B NMePBOHAYANBHBIX KOOp-
AMHATAX MOJYYaeTcA HPH MOMOINM HPEUMEHEHHBIX (OopMyT mpeobpa-
30BAaHAA KOOPAZHAT.

Utax, npomenypa penredusa AudpaKkUEOHHEOR 3afadm OpPW MOMOIMM
5TOr0 METOJA COCTOUT U3 CIEAYIIIMX Omeparui:

a) IIpemxpae Bcero gopMynupyeM FKaHHYIO AEQPAKOAOHHYIO 33434y
UM yCTAaHABIHBAEM ee TPAHUIHEE YCJIOBHA.

6) 3aTeM cTaBEM BCOOMOTATeNbHYI0 3alady, BLIOmpasg MmOLXO-
pamuM o6pasoM nedOpMEDPOBAHHYIO BMECTe €O CBOAMHE TPAHHLAME
obnacrs mmppaknmu. IIpm sroM, Bo-mepBHX, HE0GXoxEMO, ITOOH BO
BCIOOMOraTeIbHOH 3ajade BHIIOJHANOCH
yCIOBAE OPAMOX BUAEMOCTH, &, BO-BTO-
pHX, KeXaTelbHO, 9rofH yCJIOBHA Ha
opeo6pasoBaHHEIX TPAHEIOAX COXPAHH-
NUCH.

B) Pemaem BcmomorarenpHymo 3amaty
no dopmyxe (27. 1).

Prc. 86 r) HaxoguM dopMynH mEBaPHAHTHOTO
npeo0pasoBaHdsA KOOpAWHAT [JIA Iepe-
X0a OT OCHOBHOH 3afadyd K BCIIOMOTATENbHOH.

n) Ilpm momomu ¢opMyn mpeobGpasoBaHHWA HOJNydaeM M3 PENIEHHA
BCIOOMOTATebHO 3afaiy pelleHre OCHOBHOM AuPPAKIHOHHEON 3a4aTH.

IToxkakeM OpEMeHEeHHe METOHA HA HpUMepe, 3aMMCTBOBAHHOM M3
Marepuaja OpegHAYIMAX maparpados.

IMonoxmM, 9T0 MH jKelaeM pemmTh 3a7a1y O IudpPaKIUAA IIOCKOH
eMMHMIHON BOJHHL OT Kpas dKPaHA AJMA CIYydas CKONBKEHHS BOJHE
mapajiieIbHO dKpamy. Hapruma sABiIeHHmA JJas 9TOT0 caydad Omuta
usobpaskesa Ha pmc. 72. Ilpeo6pazyeM 3Ty KapTHHY CJIEXYIOMMAM
06pa3oM: COKMEM KDPYr B HOJYKPYT IYTeM YMEHBIIEHHA BCEX YIVIOB
BaBoe. Ilpm srom pammyc O’A ocramercs Ha Mecre, pagmyc O'A4’
nosepreTca ®a 90° mo wacoBoit crpemre, QPOHT MIOCKOMK BOJHEL —
TOMe, pafAyc, COOTBETCTBYyIOmUA HmKHeMy Oepery paspesa OA,
noBepuercas Ha 180° B Ty ke cropomy u saiimer momoxernme 0'A’’.
ITpeoGpasoBammEas Takmm 06pa3oM KapTMHA IOKasaHa Ha pmc. 36.
T'pammumnie ycmoBmsa BcmomMoraTedsHOH 3amadm TakoBH: ¢=0 mHa myre
AA’, =1 na gyre A’A"’", 9¢/dn=0 na o6oux pagmycax O’'A u 0’4"’

Ho sra xaprmma ecTs He 9TO HMHOE, KAK KapTHHA IIOJIA, HOJIYYal0-
merocsi OPH WIIYIEHWHM HOONYIIOCKOCTHIO ciaeBa or O'. 3to moue
HaXOfUTCA DIEMEHTAPHEIM 00pa30M, ¥ COOTBETCTBYIOIAA 3agaia yiKe
pemeHa B mpeAblAymeMm naparpade. Pemmenme BHpamaerca ¢opmyioi
(26. 2), KoTOPYI0 MOKHO OTHOCHTH KaK K [aBNEHHIO, TAK U K IOTEH-
nuaxy, Tak KaK o0e BeJHIHHH YIOBICTBOPAIT OJHOMY H TOMY e
BONHOBOMY ypaBHenmi0. [losToMy pemenme BCIOMOTaTeIbHOM 3afavd,
oTBevaiomed pumc. 86, MH MoKeM 3a0HCaTh B BHAE

_1 —cos B
¢==-——arccos V= (27.2)
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Omna ms dopymyn mpeoOpasoBanuA KOODJAMHAT OYEBUIHA, OHA
uMeeT BUJ

o = 28. (27. 3)

Ocraerca Hairu dopmyny umpeobpasoBammsa pammycoB. Hus aroro
BocHONb3yeMCs npeobpasoBammem (25. 2)

ch z=ct/r,

NPUBONAIIAM BOJTHOBOE yDaBHEHME B NOAAPHHX KOOpAHHATaX (r, @)
k ypaseenmio Jlammaca (25. 3)

%[0z + 9%/da? = 0.

Mer Mo)KeM, He W3MEHHB STOr0 ypAaBHEHWS, YMHOKHTH 06a apry-
MEHT2 Ha ONHO W TO Ke Jmcio. Bozbmem

z=2y,
rue
Y= Ct/P.
Taxum obpasom,
chz=ch2y=2ch%y —1,

OTKYZa M moiydaercsa mcxoMas gopMmyla npeoOpasoBamusi pajuycoB
ctjr =2 (ctfp)® — 1. (27. 4)

3amensasa Temeps B dopmyde (27. 2) pua r w B Ha @ OpEmoMOomHE
(27. 3) u (27. 4), nonyumm pewenue Hameld AEPPAKNUOHHOA 3amatd

! o 1+cosa
e (r @)=z am""s("l/m)-

Ilepexoms or arccos K arctg, MOMKHO IPEHCTaBETH 3TOT PE3YNbTaT
B dopme (25. 7).

OumcaHAHIEA METOL MOMKeT, HO-BEAMMOMY, CHIBHO YOPOCTHTH pe-
menye pAfa AEPpPaKIMONEHX 3a7ad. Ycemex ero IPAMEHSHAA 3aBMCHT
OT yHayHOro BHOOpa mpeoGpa3sOBAHMA.

§ 28. Nadpaxnasa or mapa

Knaccmueckmii MeTON peINeHHMA 3afadu O AuPpaxmme 0T mapa
cBOXUT AAQPAKNEOHHYIO Baflady K 3afade HM3Iy9YeHHS INAPOBOA AH-
TEHHEK € COOTBETCTBYIOIIHM pacupefeleHHeM DafAalbHOA CKOPOCTH
Ha IOBEPXHOCTH IIApa.

OcHOBHAg MHCIbL OYEHb LPOCTa M CBORHTCA K CAGLYIOMMEMY:
ecAE B BOJHOBOE HoJe IOMEIIEH TBEDPHLIA 1Iap, TO HOPMAaJbHAA CKO-
POCTH Ha ero NMOBEPXHOCTE paBHA, OYeBHAHO, wymio. Memuy TeM,
ecIm OH IIap OTCYTCTBOBAM, TO HAa CPepmIeCKOd MOBEPXHOCTH, OTMe-
9al0meil MecTo mapa, CYMeCTBOBAaNo O TaKkoe PacHpeelloHme CKO-
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pocTH, Kakoe monydaerca B ceobomHOM moie. ClenoBaTennHO, MOMKHG
npencTaBuTh cebe moJie, MOJNYdYalNeecs OPH HAJIHIUM TBEPAOro mapa,
KaK pe3yJbTaT HaJo)KeHHA CBOGOTHOrO HmOJA M HOJH, CO34aBaeMoro
H3IYYaloMEM IIApOM, HOPMAJBbHASA CKOPOCTh KA&KIOIO 3JeMeHTa
OOBEPXHOCTH KOTOPOTO pAaBHA IO BeJIWYMHE H IPOTHBOIOJIOIKHA
[0 BAIPABIEHHWIO HOPMAaJbHOH CKOPOCTH B TOMH K€ TOIKEe CBOGOLHOIrO
mona. e#cTBATeNbHO, TPH COGMIOJEHHHM 3TOr0 YCIOBHEA pPE3YJIBTH-
pylomas HOpPMalbpHasd CKOPOCTh HAa HOBePXHOCTH IMapa GyxeT paBHa
HYJIO, B 94eM H COCTOMT [PAHMYIHOE YCIOBHE 3aJadd.

[puseneM ocHOBaHHHE HAa 3THX coobpaskeHmAX BHKJIafku. Pe-
WeHAe BOXHOBOrO yPaBHEHHUS [JIS INAPOBON BOJHEL MPENCTABJIAETCH
B ¢opme psama mo chepmIecKEM PYHKUUAM.

[lpu HanmIum OCeBOU CHMMETPHUH JJs JM000H KOMIOHEHTH pacxo-
IAmeRcs BOJHE MH MOMKeM 3aIHCAThH

—pr/c
a=aP,@—1,(p 1), (28.1)

F.(p+). (28.2)

Ilyers 3ajaHa HOpPMalbHAf CKOPOCTH U, HAa IIOBEPXHOCTH AHTEHHH.
PasnoaM ¥ 8Ty BeIMYUHY B DAL no nonuEoMaM Jlesxampgpa

rlc

or =.—anPn (P‘)

r

9%y
9

e‘P
r

v,=v,+v,+v,+ ... v, 4 ... (28.3)
B rarom cnygae
_ ] e pule \
2)"’—:—7?‘- mazanpn(f")T F"(p _;‘-)’

¥ MBI MOXeM BHIPDAa3UTh KOMIIOHEHTY ITOTeHI[lIalla yepes COOTBETCTBY 0~
Y0 KOMIIOHEHTY CKOPOCTH
r
)
o —=p —¢€ ——
n r

(28. 4)

n

Ilonmoe 3mauenue AMGPAKUMOHHOIO MMOTEHIMANA BHPA3HTCA CYMMOI

- r
a2 P f"(p 7)
20—

Po= 2 P="1¢ 2
Fn(l’ -C.}

Temepr saliMeMcsi KOMIOOHEHTAMH CKODOCTH.

Bypmem paccmarpmBaTh IAQPAKIAI eMHUIHOR IJIOCKOH BOJHEL.
Insa moTemmmana Takoi BOTHEL HMeeM

(28. 5)

z r r
Ear —P70085 P

pf=e "~ =—e =e , (28.6)
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rge r — KOOpJAMHATa B HAampaBJeHUR pPacOpoCTpaHEHUA, COBOAZAI0-

masa ¢ nanpasienueM 4=0. Paguansnas ckopocts B cBoGOIHOM moJe
paBHa

.
. ¢ p PG
t=—s=DP e s

a Ha 110BEPXHOCTH IIapa
g
IS U e
vp)=p ria .

9Ty BeNMUMHY HY/KHO pAasJIOXKUTh B DA MO noiunoMam Jlesxanjapa
0 () =8P () + 5P @+ ... +5P @+ ... (28.7)

Honmxuo GHTH

Ug=—0V ([J');
NpUpaBEABAA NMOwIeHHO pAXH (28.3) u (28.7), woayyaen
UnI——b”Pn (P‘)
¥ AJA NoTeHIuana
\
e =S, W)
2= e —b, P (). (28. 8)

n
n=0 F,, (p %)

Kosdpduunentr b, onpemesnaored no gopmyne

+1 +1 a
2n 41 2n 41 s
b=2F (o) P, ) dp="5= 2 [pe ° P,(p)dn. (28.9)

-1 -1

Bruunonente aer
=20 2) e i—(p ) 0 2]
—b,=32[—(p£) shp L +2(p 2 ehp £ —
—2(pL)shps],  (28.10)
e
+9(p L) chpt—9(p %) shp ]

u T. A.
Moxgo naTh ofmyio gopMmyny Ads b, Bepaag 3Ty BOIHYHAHY
OpE TOMOIIA IOJHHOMORB Jlesxanmpa, Geccenerx QyHKImE (mopAmoK
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KOTOPHX PaBeH LEJOMY 9HCIY ¢ IOJOBUHOHR) mnm moamaoMoB CTokca.
Taxk, maopmmep, MOKHO 3ammCaTh

st 2 (p2) (o) T o)

Cnenyer npmsnaTh, 9T0 HeyRIOMas popmyna (28. 8) xors m gaer
DONHOE pelleHde MOCTABIEeHHOR 3amady 0 THPPAKOUA MIOCKOH BOIHbI
OT TBEpPAOro miapa, HO HE TOJBKO HE IO3BOJAET AejaTh Kakme-iu6o
ofmAe 3akI0YeEAs, HO X HENPHIORHA AJA BeramcieHmi. [asa naxom-
IeEMA OPUTHHANA NPAaKTHIECKH BO3MOKHO OPHOETHYTH K YHCIEHHEIM
METOoJaM IOCTPOEHHUS OPUTMHANA IO H3BECTHOMY H300paKeHmo.
Bupouen, u 310 wmorpebyer Gosbmoi
BHIYHCJIHTENBPHOA DPaboTHI.

 En cn

Pocp ) K coxanenmio, pemenwme paccMaTpu-

10 L—Tr BaeMoli 3ajaym B KOHeYHOH ¢Qopme eme
Hem3BecTHO. MeKAy TeM MOIKHO OXHUIATh,

J/ A M S il 9T0 pemeHue 3TO0 OymeT HMeTh KpaiHe
npocTO# BEA. JTO HPEANONOKEHHE OCHO-

BHBAeTCH, BO-IEPBHX, HA BCEM NPENHY-

N ¥ ¢ IMeM MaTepmaje, W3 KOTOPOTO SBCTBYeT,
10 \/f’—r — 9TO pelueHAA BceX 0e3 UCKIIOYEHHA He-

CTalMOHAPHHIX 33729 HMEIT YPe3BHIaAHO
OPOCTYI0 AHAXETHIECKYID ¢opMy. Bo-
BTOPHX, 9TO MNPENUOJOKEHHE MOTKPEIN-
JsieTCsl PAcCMOTPEHHEM HEKOTOPHX [[0-
CTYHOHHX HAaM IPOCTEAINTEX ACIEKTOB mpobieMb KudpakIHA OT mapa,
K 9eMy MH ceiiyac m mepeimeM.

[peskme BCEro BHYMCIEM CpefHee NaBIeHHE, OOYCIOBIEHHOE [H-
dpaxnmed, HA MOBEPXHOCTH TBEPHOr0 INapa, IOMEMEHHOI0 B IOJe
eIMHMYEON IIIOCKOH BOJHH p=q, ({—z/c). ITa BeNUIMHA BHIPASHTCA
KaK

Puc. 87

1
pacp: '3,— S deS°
8

Bribepem
dS = 2ma? sin 4dd = —21ta2dp..

Torga

1
Pocy=717 S Polpr.

-1

[loassysce Gopmynoir (28. 8), naiuem

Po=T 2=, Ep :3 P(s) s,
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Ho B cmiy opTOromanbHOCTA mOJNUHOMOB Jlekammpa BCe WiIeHH 3TOR
cyMMDI 06paIaloTCA B HYJIb, KPOME 9IEHa HYJIEBOTO MOPAJKA, TaK 4TO

1

I

p, = —ab
pocp 0 a

- chp%~ ! shp%).
t+p 7 t4p— I

7/

IdTa opMyJia BHparkaer cpefHee JaBieHne, 06yCI0BIEHHOE TOMBKO
nadpakuuOHHBIM TojeM. Ecam ME X0THM HaliTH moIHOE CpefHee HaB-
JIeHEe, TO MH JOJKHH X00AaBHATH €IIe cpeHee NaBieHWe Nafaiomei
Ha NIap efMHUIHOA BONMHHEL. s 3TO# BeJMYAHHN MMeeM

a ! a
1 1 s shpy

[_)Ocp':‘-s:- [)UdS:T- e dp.:

a
€ 3 P
S -1 ¢

[fonnoe cpensee mapnenue pasHO

a a a

_ _ _ chpz 1 shp= e

pcp:pocp+pacp= 2 +[1— 2 = e
1+v7 t+po ) Py i+p7

Jdra — Ta ke camas GopmyJia, KOTOPYI Mh Hoaydmim pamee (§ 13),
HECXOAA M3 HPOCTHIX W OOIMEAX COOTHONIEHWH, OCHOBAHHKX HA TEOpeMe
B3amMuocTE. Ilepexoass B mpegmaymux (OpMyTax K OpHTHHANAM,
HalfileM 3aKOH W3MEHEHUA CPEIHMX NABIEHUA BO BPEMEHH

{21 — e te) — (8, + Doy (b2 + 1) + (s — 1) o (6, — 1)),

2
4
)

I

Paep

Pyep [+ Doy (t, + 1) — (@t —1) o (¢, —1)],
Pep = Pacp + Pyep= (1 —eti)gy (¢, 4+ 1),

rae t;=ct/a. Tpadurm sTux ¢yHxumit mocrpoensl Ha pmc. 87.

CxongsiM 06pa3oM MOJKHO BHYHCIANTH CHILY, JeHCTBYOIIYIO HA LOap
B HAIPaBJICHHWYM DPACHPOCTPAHEHMA INIOCKOH BOJHKE; 3Ta CHIA CTpe-
MUTCS COOOIHMTH IIapy MOCTYNATENbHOE [BUAeHHe. JJIEeMEHT CHIIE
(peds mAeT 0 IPOEKIUA HA OCh I)

dF = —pdS cos ¥d% = 2na?p sin ¥ cos 3dY = 2ra’ppdp.

B sroit popMmylne Tarike IO[ p MOHHMAETCs IOJNHOE [aBieHHme, T. €.
CyMMa HaBJEeEHS Nafaomeil INIOCKOE BOJEN M JAPPAKIAOHHOLO
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pasiaeEda. Mul BoimenamM ob0a ciraraeMeIX CmJbl OTHenbHO. aa ma-
Haromed BOJHE
+1

a
-p = S o shp~c-
— — 9ma? o —_ a_
Fo=—2ra® \ ¢ pdp=——ro,\ chp— -
ar Lar)

-1

Ilna nadpparmmorHOro nasiaenus mo dopmyie (28. 8)

[oe]

f (p a‘) +1
Fy=2ma3 n-EO bn ‘5(‘7;-—)- jpn () pdp.
n [
. Y

Ho B aroit cyMMe, ONATH-TAKE B CHIY OPTOTOHAIBHOCTA LIOIHHOMOB
Jlexanppa, BHIAAOT HAa 9TOT Pa3 BCe YIEHH, KPOME WIEHA MEPBOTO
mopsafka (Tak Kak P(p)=1p), @ M nmeeM

1
{4 —
a a
fillo o P
4 1 1 2
Fa=-3‘““8bl'%z—>:5—r—07 — t v |shp—
F(pg) P?+2+p—i s (pt)
c
2 a
ALY dr
(%)
IMonnas cuna
p-a—e_p%
Fz:FO-l—Fa:S a 2c a __) Se-tzSintZoO(tz)’
(rs) +205+2
rae
ty=t,—1=ctla—1
(cM. puc. 88).

Crnegyer mOMYEPKHYTh MCKIIOYHTENBHYIO LPOCTOTY pesylbTaTa.
WrTrepecHo 0TMETHTH, YTO CHIa, AeHCTBYIOMAs HA IIAp, CTPEMHUTCA
CO BpeMeHeM K HYJNI. JTO 06BACHAETCH TeM, 4To, IO Mepe TOro Kak
(pOHT BONHH, MHHOBaB INap, yAANAeTCH, AAPPAKIHOHHOE STBICHHES
IOCTeIIeHHO ocnabeBaer, ¥ B KOHIle KOHIOB HA IIap AEACTBYeT Co Beex
CTOPOH ONHHAKOBOE JaB/IeHAE, PAaBHOS TAaBJEHMIO B CBOGOAHO pacmpo-
CTpaHAMeNCcA BOJHE. '

SaitmeMcs Teneps uccIeNOBaHAEM TEPPAKIEHE OT MAJIOTO TBEPAOTO
mapuka. Tyr HYXHO mpeskae Bcero pasoGpaTbCs B OLHOM CPABHH-
TeJbHe TOHKOM Bompoce, a EMEHHO, B BONPOCE O TOM, 4TO CJeAyeT
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MOHAMATH [OJl MANOCTBI0 IPHUMEHNTENBHO K HECTALAOHADHBIM FBIE-
uuaAM. B camom pene, mis cmmycommampHOro peskmMa momsTHme Ma-
JMOCTH WMEET ACHEIA CMBICH: MBI IONPA3YMEBAEM MAJNOCTh MO CpPABHE-
HHEIO C JIMHOE BoaHe (cM. raasy 1). Ho wro mocayskmr mepmaom
pasMepa B cjy9ae HEYCTAHOBMBUIAXCS BOJHOBHX ABIEHHMIl, Koraa
DOHATHE AJIMHBL BONHEL COBepmenHo mempuMerumo? MHoraa rosopAr,
9T0 B CJlydae CHHYCOMNAJIBHOH BONHBI MAaJOCTh Pa3Mepa HEKOTOPOToO
TeJa 0O CPABHEHHIO ¢ NJIHMHOHX BOJHE O3HAYAET, 9TO BO BCEX TOUKAX
aTOr0 Texa KosnebaTeNbHAsA BeNMIMHA, HANDHEMED HABICHHE, HMEET
OnMHAKOBYI0 ¢asy. g HEYCTaHOBHBIIIXCH BOJH TAKOE NOJOMKEHZE
COOTBETCTBOBAJNO OHl OHOBPEMEHHOCTH ABIEHWH B PABHEIX TOIKAX.
Idti QOPMYTHMPOBKHM He PadbACHAIT BOIPOCA, KPOME TOLO, OHM He-
TOYHH. B cixydae cranmomapHOro

pesxEMa COBAT mo ¢asze HE OTCYT- fz

CTBYeT, a Mal @O0 CpaBHEHHIO 0‘3
¢ oT=2x, Tasrtonorua odeBmmHA 0'2
01
¢ L2m; o =kz=oz/c=
=2mr A€ 2r, N\ 0 1 z 3 tz

Yro e Kacaercs mecrammomap- ' " 88
HOTO peXuMa, TO HHM JHHEHHOro,

HE BPEMEHHOT'0 MacmiTaba [IA OHEHKM MAJOCTH MEL IIOKA He EMeeM.

ITycrs mmockas BoMHA BCTpedaeTcs ¢ TBepAHM ImapoM. IlomoxmM,
9TO BOJNHA cHHycompanbEa. Ilycrhk papguyc mapa HeorpaHmIeHHO
yMeHbIIaeTcsa. Byner gocrarayTo cooTHommenme a=1, a OPH JaabHEe-
meM yMeHbIIeHMH pagumyca OGymer a <€ A, u Mbl OymeM HasHBaTh
map MaJsM (@0 CPABHEHHIO C JJIMHON BOJIHEI).

ITIycrs Temeps C TeM jxe mapoM yOHBAOIIEro pajgMyca a BCTpeda-
eTcA mIOCKasA egUHWIHAA BoaHa. Hm mpm KaxkoM KOHETHOM pajguyce
mapa He HACTYNHT KakKoro-IH00 KaZeCTBEHHOIO H3MEHEHHA B COOTHO-
meHnax. Hpurepmit omHOBpEMEHHOCTH HHMYEro He [aeT; OYEBHIHO,
970 QPOHT BOJHK MPOXOAMT Iap 3a Bpemsa 2a/c. BpeMs 310, KOHEIHO,
yOBIBaeT ¢ pagEycoM, HO CPAaBHHBATH €T0 MOKA He ¢ IeM. TpymnocTh
ofycioBieHa TeM, 9T0 (QPOHT EIHHAIHOH BOJHH IO OMPENENCHHIO
HeceT PasphiB AaBiueHHsA. [laBrenme B JaHHOH TOUKe IOJA IPH Lpo-
xome ¢poHTa Fepe3 Ty TOIRY H3MEHAETCA CKAUKOM, T. €. 6ECKOHETHO
GrCTPO (Ha TPOTIKEHEH GECKOHEYHO MANOr0 IPOMEKYTKAa BPEMEHH);
HapacTaHde AaBJIeHHSA OT HyJAA (mepex (POHTOM) X0 KOHEYHOTO 3HA-
seEdsa (D03agu (POHTA) COBEpPIIAETCA Ha HPOTA:KeHHH OeckoHedHO
MAaJIoT0 OTpe3Ka.

Tpynuocrs Gymer ycTpaHeHa, €CIH MBI COTMIACHMCA CIHMTATh, 4TO
HapacTaEWe [aBIeHHA Ha (POHTe TPOUCXOTHT ¢ O9eHb GOBLIOH,
HO BCe jKeé KOHETHOH CKOPOCTHIO, WM, APYTHMH CIOBAMHU, 9TO GPOHT
AMeeT XOTA H MAalylo, HO KoHeuHylo riuybmay. Temeps MoxHO maTh
pPasyMHoOe OLpefieJleHHe MajoCTH, a MMEHHO: pedb HJeT 0 MAaJIOCTH
TeJa mo cpaBHeHHmIO ¢ rayGmHolt ¢pomra Bommn. Mmade rosops,
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Yesd Majio, eciE BpeMs mpobera (I)pOHTa BOJILbI 110 TEJTY MaJIO 10 CpaBHE -
HEI0O ¢ BpeMeHeM Hapacraus jaBnemms. Ilocnepnsas gopmynmponka
HOSICHAET, B KAKOM CMEICJE CJeRyeT IPUMEHATb KPUTePU# ONHOBpe-
MEHHOCTH.

Bce atm coobpaserma MoxHO G0 6B eme 0606marh, pacmpo-
CTDAaHMB KX HA HeIepHOAWYecKHe BOMYIIEHMs IDPYrEX BHJIOB, HO
B HanpHeHAImEe MOTPOGHOCTH MH yiKe BAaBaThcA He OymeMm. 3ameTum
AWIb, 9TO IPHBEJCHHEE BHIIEe POPMYIXPOBKE MOTYT OBHITH HCTOXKO-
BAHH W CO CHEKTPAJHHOA TOUYKH 3PEHHA.

Bepuemcs k mamed sagage. Mur co6mpaemes meciieloBaTh Judpak-
[0 e[MHEIEON BOJHEL OT MaJOro LIapPEKA. JTO BHAYUT, ITO MBI IIpe-
me6peraeM DasHOBPEMEHHOCTBIO HPHXONa BOJHB K PAa3HBIM TOYKaM
HOBEPXHOCTH mapaKa. M Moram 6 mOXyYuTh BCE HYMKHbIE Pe3yiib-
TaTH m3 o6meit hopmyam (28. 8), mepexopsA k mpemeny mpu pa/c — 0.
Ho wmuTepecmee mnpmmeruTh Qusmdgeckoe paccyxmenme. Hanuame
MIapAKa B [OJEe BLIBHBAET CJEACTBHEA [BOAKOTO pofa. Bo-mepshix,
mapEK meepd, W, CIENOBATENbHO, OH HE IperepmeBaeT 00BEMHOIrO
¢KATHA, KaKoe IpeTepresal 6k Bo3[yx (miu BooOLIe ympyras cpeua),
3aKII0OYeHHHA B TaxkoMm e cdepmaeckom obweme. BeaemctBme artoro
sddeKT HAIMIUA IDAPHKA MOKHO BHIPA3HTh HEKOTOPHM €ro uaiy-
9eHMeM KaK AaHTEHHH HYJEBOTO IOpANKa (pasmyBaomuiica mmap).
Bo-BTOpHIX, IAPHK Henodswdcen, M, CIELOBATENbHO, TOYKH €ro 1N0-
BePXHOCTH EMEIT CKOPOCTh, PABIYI HYJIO, TOTTAa KaK CKOPOCTb dac-
THI[ BO3AYyXa B TeX K€ TOYKAX IPH OTCYTCTBHE LIApEKa mMena Obl
3HAUEHME p/w B HANDABJIEHHH pacmpocTpaHenuA. BeaemcTBme sToro
s¢derT HANHIMA MAapPUKA MOMKHO IPEACTABUTH €r0 M3JIYyYEHMEM Kak
aHTeHHH I[EepBOro mopaAfnka (cmemamomuiica map). O6a asddexra
HY’KHO CIOKHTE.

IlpegcraBEM uTo paccy:kgeHdme B amajmrudeckodn dopme. [na
sadderTa HYIEBOTO MOPANKA

_ Py 4 P I S -

v__xV_3ata S I=pi=pPx7a el
rge v — mpHpamenue of6bwema; V, —ob6beM 1mapa; y — OOBEMHELH
MONyNb YOPYroCTH cpenbl; u=dv/dt — obveMHas cropocTh. Haso-
AEMEHA TOTeHI[HAJ

o= "Zzr 3 r  pgc2 €

Hna spdexta nepsoro nopsanka

A -
v,_poc cos 3, ux..Poc s

Tfe U, ® U, —PafHaNbHAA CKOPOCTh I ee Ipoexmus Ha och 2. Ilo-
TEHIHAJ, CO3JTaBaeMEIi TBEPOHM IIADOM pafuyca @, ABEKYIUMCA
€O CKOPOCTBIO U,, paBeH (cM. dpopmyry (20. 2))
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o —p’:—‘-zf1<pi>
. .. a-
1=V, 7 ¢ ° :\, P, (cos ¥)—
m(rg)
—_— D —1—‘1_2 )a ’1 1 -p-:— {)
ol o ! 7( +F)e cos 9.
. c,

.

CruaneiBasi ¢g M 9y, DOXYIaEM TOAHBIE MOTEHIMAT TOJAA JAUPPAKIHM

,

D a a2 »—[ 1 1 1

w P77 gty it —)cos?.
P

P

I

Ha nosepxmocTm mapa, T. e. npu r=a, [UOONbHOE H3TYYeHHe mpe-
obnamaer, ¥ MH HMeeM

Ps

Opmruean BupakaeTcs ¢ymknmei o, (f—r/c). Tarum o6pasom,
OpHE BCTpPede MIIOCKOX BOJHBEI C MAaJHM IDAPHKOM BO36YKTaercs mh-
nynsc, pasberaomuicas OoT MAapUKa KOHIEH-
TPHAYECKH, HO C HEORWHAKOBOH MHTEHCHB-
HOCTBI0 B pas3idMYENX HampasiaeEmAx. Ha-
NPaBIEHHOCTs AHPPAKTHOHHOTO HIITYICHHEA
MAJO0r0 MmapHKa AiaA GodpIIAX PaCCTOAHMA
BEIP2)KaeTcs HOPMHPOBAHHOHA XapaKTePHCTH-
KOI HanpaBJIEHHOCTH

611 1
R(’S’)—-g -§+-2-0088
(pme. 89).
OKa3BIBaeTCﬂ, ‘qTO0 IOOTEeHUHaJ pPAaBeH
HYJTI0 Ha KOHEYECKOM HOBEPXHOCTH C YTJIOM Puc. 89

npu BepmmHE KOHYCA

arccos (—?/4) = 132°.

MuparuuonEnbl IOTEHNHMAT MAJIOro IIAPEKA O0YeHb Mal —
oH 3aBmcHT OT Kyba papuyca. Ilosromy, mpenmnonosKuB MazocTs wa-
puKa, MH BIOpaBe IpeHeGpeds ero IEPPaxMUOHHHM II0JeM IO CPABHe-
HEIO ¢ [IOJIeM OCHOBHOM BOJIHEI, KaK MBI I feitand sume (§ 22).
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§ 29. Cpsazp MeKOY CTANNOHAPHBIMY
N HECTALMOHAPHBIMM PeIeHAAMU

O6masa ¢opMa BOIHOBHX ypPaBHEHHH YHWBEPCAJIbNA B TOM CMEICIE,
9T0 YPABHEHHA 3TH COXDPAHAT CHIY AJf NOOGHX BOIHOBHX BO3MYIIe-
HUA OPH TOM €IMHCTBEHHOM YCJIOBHE, YTO ME He BEIXOZNKEM 33 IDPE/esIht
JIMHEAHKX COOTHOLIEHWA, HA KOTODPHIX OCHOBAH BHIBOT 3THX YDaB-
HEHHUH.

Ho pemenuns stux ypaBmenwil cnenmaimaupoBann. Nmes B BELy
TpHEMEHeHWe NPWHIWIA HAJTOMKEeHHA, Mb pelmaeM 0oOBIYHO BOJXHOBYIO
3agady nmbo NI CHHYCOMAANBHOIO BO3MYIIEHHS — TaKOE pelleHue
HA3HBAETCA CTANMOHAPHHIM, JU00 Mg BO3MyMeHus B dopMe efmHET-
HO# QYyHKIME — TaKoe peIleHde HASKHBAETCA HECTAIIMOHADHEIM.

Tak kax oba pemeHds OPeJCTABIAIT C000i pemIeHAs OIHOTO
W TOTO e YPABHEHHA, TO MeKAYy HWMH CyIIeCTByeT TeCHas CBA3b.
YcTaHOBHB 3Ty CBS3b, MH I0JydaeM BO3MOKHOCTb BEIPA3HTH CTAIO-
HAapHOE peIleHWe Jepe3 HecTamuwoHapHOoe, W ob6paTHO.

ITpepmonoxxum, 9ro HaM faHO oOnKHOBeHHOE AmPepeHIlmaIbHOE
YypaBHeHHE

H( &) y=0,Th+a,, Tttt o tag=2(). (29.1)

Oyuxnoua 2 (f) B OpaBod gacTH MpeACTaBAsAeT CO60H To, ITO BHIIE
6bL10 Ha3BaHO BosMymeHumeM. 1A CTaO@OHAPHOI'O PEKEMa IIOJaraeMm

z(t) =&’

" umeM dacTHOE pelleHHe B BHE
y(t) = Ae/ 7,
9TO JaeT

H (jo)y = [a, (jo) + apy (o) + . .. + arjo +a y =,
OTKYyIa

1
—_ Jot
Yy=7 (jw) €

OT0 W ecTh CTamHOHADHOE pelleHHme.

Benmanny A (w)=|1/H(j ©)| HassBatoT OGHIHO TACTOTHOH Xapax-
TePHCTHKOM CHCTeMH!, ONHUCHBAEMOH ypaBHEHHEM (29. 1), a BeIWYMHY
1/H (j ®) — KOMILIEKCHOM 9ACTOTHO® XapaKTePHCTUKOM.

Ilna HecTaOImOHAPHOTO pesKMMa BHOWpaeM BO3MYIIeHHe B IIPaBOR
*TaCTH B BHIE

z (1) =0, (),

a 3areM crpomM wu3obpaskemme ypaBHenma (29.1). Ilpm myneBmx
HAYAJbHLX YCIOBHAX H300pa’keHHme 3TO MMeeT BHUJ
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OTKYHA
g=1/H(p).
DysKI#0
y=nh(t)«+1/H(p),
BHIPQJKAOIYI0 INOBENEHMe CHCTeMbI HOJ BO3jedcTBHEM BO3MYyme-
HEA o, (f), Ha3HIBAOT OGHIYHO HepPeXONHOHE (yHKImei.
as TOro 4ro6H BHPABUTH HACTOTHYIO XapPaKTEPHCTHKY deped
HepexofHyo, opencTasmM pemenme ypasreHus (29.1) B dopwme
unterpana [oamens
t ¢
y(t):Sh(t—t)dz(t):h(O)x(t)—]—Sh’(z)x(t—-—:)dt.
0 0
Ona caydaa z=e’*" momysaem

b4
1 jw jw ’ ® (-1 ‘
7o e+ O =h(0)¢ ’+0§h ()¢ ds  (29.2)

3pmecs B oTi@YME OT NPEILIAYINET0 B JIeBOA ACTH CTOMT HOJHOE pe-
IIEHHE yPaBHeHUS (29 1) ¢ mpaBoit wacTrio €/“/, T. e. KpOMe YACTHOTO
maTerpana e’*/H jo poGasien eme ob6mmit muTerpanx @ (f), mpe-
CTABIAMMKE COG0H 10 (QUBMIECKOMY CMEICIY CYMMY COGCTBEHHBIX
xonebanuit. ITu KomeGaHUA BO BCAKON peajibHOM CHCTEME C TeUeHHEeM
BpEMEHH 3aTYXalT, I0YeMY OHA H He QUIYDPUPYIOT B DENICHHM MJIA
CTAIIMOHAPHOIO, T. e. ycrapoBmBmerocsa pexxuma. (Camo nazBamme
(yCTAHOBUBIIUACA DPEKEM» YKA3HBAET MMEHHO HA BO3MOKHOCTBH Ipe-
HeOpedb COOCTBEHHEME KONe6aHWAMY, BO3HHKAIOMUMM IPH BCAKOM
U3MEHEHHH PE’KEMa CHCTEMEL.)

Coxpatam o6e wactz (29. 2) Ha e’** @ mepefimem k mpemeny,
yerpemiass ¢ Kk Geckoneguoctn. Ciaraemoe @ (f) BEmameT, @ MH DOJY-
anm

H(a) (;w =h(0)+ S (1) e dx, (29.3)

AIH, pasfgeiiAfa BEMECTBEHHYI0 W MHEMYK YacTd,

1/H (jo) =R+ jX,

R (@) =h(0) 4 | 2 (=) cos wids, (29. 3a)

=)

X (o) =— g R’ () sin wrdx. (29. 35)

R
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91 GOpMYJNE [O3BOJAIOT HAHTH YACTOTHYI XapaKTEPHCTHKY
110 ¥3BECTHOHA mepexofuol xapakTepucTuke. Myl BULEM, 9TO KOMILIEKC-
Hasg 9acTOTHAS XaDAaKTePHCTHKA IpeicTaBisgeT coboir He uYTo WHOe,
KaK KOMINIBKCHLIA CIEKTD NIPOH3BOTHOM OT HepexonHod ¢yEKIAm
(cm. rmaBy 1, § 8). O6parraa 3aBHCEMOCTEH Moria GH GHTH HoNydena
npm moMom# ¢opMya obpamieHHs, HO MH BHIBEeM €€ BaHOBO.

IIpegcraBuM 1asa 3TOro efHHEMYRY0 GYHKNHMIO o, () HATErpamoMm
Oypre. OtmenuMm oT o, (f) HOCTOSHHYI0 CAAralNIyid, PaBHYK IOIO0-
puue. Torma Moscem sammcaTth

1, 1 edet
5 (t) =5+ | S do.

jo
~c0

IlopcraBEe 37O pasjokeEHe B mpaBylo 3acTb (29. 1), 3amermm,

9T0 DOOCTOAHHAA COCTaBIAKMAA [JAaCT cllaralpmee pemeHHA BHAA

%-ﬁ, B TakEM 00pasoM

1 1 17 eJwt

-

HIE B BEMECTEeHHOH dopme

[ o]

1 1 1 4w .
0
694
h (t)="H—1(b_)‘+—21? S %("’—) cos wtdw, (29. 5a)
0
h())== | 2L sin wtdo. (29. 56)

0

@opmyna (29. 4) mam (29. 5) cHYKHT AUA HAXOXKIEHHA TePeXOTHON
XapaKTePHCTHKA 1[I0 M3BECTHOH 79acTOTHONX. AHANOTHYHEIA BHBOL
B C TeM ;Ke Pe3yIbTaToM MOT OHTH DPOAENaH, eCHH 6B MH HCXOTHIN
He W3 0GHKHOBEHHOrO YDABHEHHS, a M3 YPABHEHHA B YAaCTHHIX POH3-
BOZHHIX, B JACTHOCTH BOJHOBOTO YpaBHEHHA
2 1 2e__
Mo— om =0

Pasauma cocTOMT B TOM, YTO BO3MYMeHAe BXOJHT B TPAHWIHEE yCIO-
BaA 3afaud. Opmako mocime «anre6pamsanum» YPaBHOHES METONAME
§ 10 M mpmBeseM 3317y K PEMIERWI0 YPABHEHHSA C OPABOH JACTHIO.
ITocie BO3BpamleHMA K OPHIMHAJNY HECTAIHOHADPHOE PEIIEHEe BHpa-
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skaeTcA OOGHIYHO gepe3 TpaHCUEHAeHTHsle GYHKIMA, KAK M HEOXHO-
KPaTHO BHJENW BHIIE.

IlorameM mpuMeneHuWe BLIBe[EHHBIX (GOpPMYJN HA HpHMEpe.

IIpenmono;KuM, 9TO MBI XOTEM HANTH 3aBHCAMOCTH OT 9Y4CTOTH
AKTHBHOM COCTABIAIOMEH AKYCTHIECKOTO CONPOTHBIEGHHA KpyroBOH
aHTeHHH (WOPIIHEBOTO U3NYYaTesd).

Ilepexonnoe compoTHBIEHRE [ PACCMATPHBAEMOU aHTEHHH GHIO
pBHUMCIeHEO B § 18; ME moayumnn

\2 bq A
5()= ufw —--% arccos fa"—_ Vi <l (29.6)

\2a

910 m ecTh mepexopHas GYBKIEA Aas JaHHOTO caydasa. Ee npousson-
HaA

(t)~h(t)~————-—-V1~—<—— (29.7)

IToxgcrasus (29.7) B (29. 3a), moayunm

lf(u>)——1_%§ | Vl- ( )row)d.,

uIW, BBOJIA
b

4 Y Ea—
=ct/2a, vwjc=k, Rwy=1 — S V1 — a2 cos 2kaada,
V)
DroT MATErpaj mW3BECTeH B Teopuu GecceneBbIX YHRUME: 9TO
ecTh He 4T0 mMHOoe, kak murerpanx Ilyaccona
+1

1\ 1
<f ") "3

1 5 (1 —a? cos azda =T (z).

r(nt7)r(2)
B uamem cayuae

(4 A — 1

n:i, I(—Z") VTC, I (n—l— 2/ P(2>_— r \/u,
OPEEAMas BO BHEMAHEE IeTHOCTh HOMNLIHTEIpanbHON QyHkumu, Ha-

X0oxAM

4 11 2\1/, d _ (3
;_S( — a?)' cos az a__————zlz .
Q0

Urax, okoBYaTeNbHO,
R(wy=1—1, (2ka)/ka,

yro m mpefcTaBAfeT CO0OH OOMEE3BECTHOE BLIPAKEHME COIPOTABIIE-
HEA H3NYIeHHES IOPIIHA.

.
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3AKJIIOYEHUE

3axagumBas Halle HCCIHENOBAaHUE, IONLITAEMCH 1IOABECTH HEKOTO
pHE HTOTH.

Bo-mepBrix, MOKHO YTBEP)KAATh, 9TO METOX pelleHms JIHHEHAHLIX
PHU3EKO-MaTEMATHIECKHEX 3a7ad, OCHOBAHHKI Ha NPHHOHIE HAIOMKE-
HOA, OIPAMEHAIIAA pasiiojkeHne 3aJaHHHNX QYHKOAN OO eTWHUIHHIM
¢YHKUEAM ¥ BHpa)KaOM@i pemenme maTerpaioM l¥oamens, paBHO-
OEHEeH CHEKTPAJbHOMY METOAY, HO B OLOpPENEJEeHHOW KATETOPUH CJIYy-
gaeB NPEBOAAT K G0Jiee IPOCTHIM BHIKJIANKAM.

Bo-Bropeix — u 3T0 ropasgo Gosee CymecTBeHHO — (HOPMATBHO
fesynpednblit CHEKTPANBHHA HOJXOf K HENePHOTWIECKHAM ABIEHUAM
He MOKeT GHITh CBA3aH C HEMOCPEICTBeHHHM (U3HIeCKHM HOHEMAHAEM
3THX fABJIEHMI, TOIa KAK AHAJIATHIECKHE METONH, COeNHAJBHO IpH-
cnoco6IeHEbe K HCCAeTOBAHMAIO HEIePAONUISCKHAX SABJICHHAMA, HE TOIBKO
He HAYT Bpa3pes ¢ QU3HIECKEMH HPECTABICHUAME, HO CHOCOGCTBYIOT
mx passutuio. I109TOMY OKa3HIBAETCHA BO3MOMKHEIM BECTH MCCJIELOBAHME,
He pasTPaHMIEBASA AHAJIATAYECKAX BHIKIAJOK W KAYECTBEHHHIX Qu-
3M9IECKHX PACCY’KOeHHH, TAKOTO pOJa Ccmoco0 HBIO0'KEHUA HEOTHO-
KPaTHO npEMeHeH B jaHHO# palore. [lamee ciaegyer 0CTaHOBUTBCA
Ha yike MHOTO pa3 OTMeYaBHIEACA IPOCTOTE AaHAIUTHIECKAX DPEMeHmH
PA3JIMYHBIX 3afaY TEOPHH HEYCTAHOBHBIIMXCA BOJHOBHIX ABJICHUH.
Koprm sroro BasKHOro O0OGCTOATENBCTBA JIEKAT, NO-BHAKMOMY, 0-
BOJIBHO IIYGOKO H YXOZAT B METONOJOrHIeCKYI OCHOBY CImocofa
HCCIeI0BAHHSA.

Bo BcakoM ciaydae 09eBEAHO, 9TO, HCCIAEAYH HEyCTAHOBUBIIEECSH
ABJIEHHe, Mbl NPOCJIEKABaeM fABIEHHME B IPOLECCE ero CTAaHOBJEHHA
n passurasa. IIpm aToM pasnaudumbie 0GCTOATENBCTBA, OKA3EIBAIOLIEE
BIMAHWE HA Pa3BUTHE ABJIEHHASA, BOSHHKAIOT HEOJHOBPEMEHHO H MOLYT
[03TOMY YIATHBATBECA B OTAEIBHOCTH, HOOYEPENHO, B IOPATKE HX Bpe-
MeHHON mepcueKTuBH. Hakgad JeTanp ABJIEHHA H3ydaeTcA B LpPoO-
1ecce CBOEr0 pPasBUTHA C MOMEHTA BO3HEKHOBEHHA.

CoexTpaldbHBIA METOR 3THX BO3MOKHOCTed He paer. HMccaenys
YCTAHOBHBIIEECHA SBJEHHE, MBI TOJNKHE CPa3y 0XBAaTHUTh €r0 B LEIOM,
KaK HEYTO JAaHHOE CO BCEMH ero JeTallAMH, ¥ JHNIEHH BO3MOKHOCTH
BHIACHHTH, KAaK e HMEHHO 3TO YCTAHOBHBINEECH ABJIEHHE YCTAHO-
BHJIOCH.

Haxa Toro 4robm cremaTs aTE coobpaskeHma Gojlee ACHKIME, Ha-
NOMHMM edle Pa3 B KadecTBe IPOCTOTO HpHEMEpa 3amady, pasobpan-
gy B § 12. Jlana umnamegpmdeckas Tpy6a, B KOTOPO# Bo36y:xmaeTcd
BOJIHA IIOPITHEM, ABIKYIIEMCSA ¢ 3aJaHHOA CKOPOCTHIO HA OJHOM KOHI(E
TpyOsI; BTOpOi KOHeI TPYOH HATIyXo 3aKpHT. Tpebyerca ompeaeauts
CmTy, MeHCTBYOINY0 Ha IOPIEHb (MJIH, 9TO TO Ke, BXOLHOE COIpO-
THBiaeHHe TPYOH). L1 ycTaHoBEBIIEroca mepHOLHYECKOr0 ABH/KEHHA
MH IIOCTYIaeM TaK: 3aMeHsgeM B BOJHOBOM yDaBHEHHH

1 02 _ ,,
—@om =P
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W pemaeM IOJyd4eHHoe o00bKHOBeunoe quddepeRnuaiIbHoe ypaBHe-
HHUe, UCHONb3YA TPAHMYIHEIE YCJIOBUA

v(0)=vyv(l)=0.
[lonygaeTcA W3BECTHBIA  pe3yjbrar
3w = —ctg kl.

Mccnenysa ke EeyCTaHOBHBINMHACH PEAHM, MhI MOKEM IOJHOCTHIO'
OCMHICJIMTb HAIlW BRIKIAAKMW, TAK KAK OHM HA KAaskAO0M 3Talle ajek-
BaTHH OporcxofsmeMy. Mbl TOBOPAM: eCiIu NOPIIEHDb HAYaJ ABUraThCHA
¢ HOCTOSHHOR CKOPOCTBIO, TO OT Hero mofeskaja BOJNHA, KOTOPAsA pac-
OPOCTPAHAETCA COBEPIIEHHO TaK, KaK ecam OH tpyGa 6wi1a Gecko-
wequa. [Tocie BcTpedn ¢ 3afeTaHHBIM KOHIIOM BO3HHKAET OTPAYKeHHAs
BOJIHA, KoTopad Ge;kut B 06paTHoM HanpaBieHuH. JOCTHIHYB IOPIOHA
(B 3TOT MOMEHT NPOMCXORUT BIEPBHE HM3MEHEHHE DPEKHUMA IODINHS),
BOJIHA CHOBA OTParKaeTcs, O€/KUT K 3a/{eIAHHOMY KOHIY, BHOBb OTpa-
;HaeTcs, u Tak ganee. Ham ocraercda TonbKo 3ammcaTh 3TO paccympie-
HHe B COKPAIEHHOM BHAEe HPH IOMOIA IPHHATHIX 3HAKOB A CUMBOJIOB

3w =0, (¢) + 29, (t — 2ljc) + 204 (t — &lfc) + ... =
=2 (0) +2 R (¢ —21Le),

9TQ U ABIAETCA pelleHWeM 3a]auu, WM, BepHee, 3aOMACHI0 PEINeHUsd,
K KOTOPOMY MBI IIDUINIM HE aHAJIUTAIECKHAM IyTeM, a IyTeM 3JeMeH-
TapHOI'O paccy)kueHus, pasbupas sABjeHme IIar 3a IIAroM.

Tor ke pesynbTaT MOKeT GBITh IpefCcTaBiIeH B opme u3obparkeHus

Jw=14 2 e¥rie = cth pljc.

=1

Y6enmrenbHoit WILIOCTPAIAEA K BEICKA3aHHBIM cOOOparKeHUAM
MOKeT IIOCHYKHTh TaK)Ke pemmeHme ropasgo 6Golee cioxkuoil 3amadn
06 aKycTHYeCKO# cumcreme Iepefaid, paccMoTpeHHod B § 22.

ITepexomsa oT METOZOMOTHIECKEX BOIPOCOB K IPHMEHEHHAM, MOHKHO
CKa3aTh, 4TO M3J0KeHHAd B 3TOH paboTe MeTONWKA MOKeT pacCMaTpH-
BaTHCA HE TOJBKO Kak crneiudugecKoe opyaue pelieHAS HeCTANHOHAD-
HHX 3a7ad, HO M KaK METOJUKa pelleHus aKyCTHIecKmX mpobiem
poobme, B ToM umcle u cranumoHapubiXx. Jle#cTBuTeNbHO, HAKAA
HeCcTaIlMOHAPHOE pelienue, KOTOpoe o caMoil npmpose cBoeit o6aagaer
COBEPINEHHO TaKoM ;Ke O0OI[HOCTHI0, KAK W CTAL[HOHAPHOE, MH MOMKEM
CPABHHATENBHO JECKO mEePeHTH OT OJHOrO peuleHHs K Apyromy (ecau
aTo moTpebyeTcs), Kak MOKasaHo B IpexuaymeM § 29.

Ho ofmacTs npuMeHeHHA H3I0/KEHHHX METON0B HE OTPAHHIABACTCH
paMKaMu aKyCTHKHE X BooGIme Teopuu BOIH. 3a HocileHee BpeMs CTALO0
ACHO, 9TO 3aTPOHYTHE NpPOGIeMBI CMBIKAOTCA C KPYTOM BOLpPOCOB
CBepPX3BYKOBOH adpopunaMuKu. [lexo B TOM, 4TO aKyCTAKA €CTh He 9TO0
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MHOe, KaK TAAPO/IUHAMHUKA C/KUMACMOH /RUAKOCTH jiix GEe3BEXPEBOro
nemxendsa. OxasnBaeTcs, 9470 B TO BpeMA Kak B oOHIHOM aspogmua-
MAKe HeJb3d OTBIEILCA OT TYpPOYIEHTHOCTH, UTPAIICH BasKHYI
poab NIA [BMKEHHA C NO3BYKOBEIMA CKODOCTSIMM, B CBEPX3BYKOBOH
aOPONHEHAMEKE ¢ TYpPOYIeHTHOCTHI0 BO MHOTHX CAYIasgX MOMKIO HE CYH-
TaThCHA, M YDPABHEHHsS adPOJAHAMHKM MOYKHO CBECTH K YypPaBHEHHAM
AKYCTHKH.

Cpsi3aHHHE C STEMHE Ba)KHHMHE DPUMEHOHHAMH NpobGaeMu Tpebylor
nmanbHeimeil paspaboTka.
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