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NPEANCIIOBHUE

PasButne aBTOMOOMJILHOH M TPAaKTOPDHOH  NPOMHIIIEHHOCTH
Cogerckoro Coio3a 3a noc/ieiHie rofbl BHIABHHYJIO 3alayy COBEpILEH-
CTBOBAHHS KOHCTPYKIMH aBTOMOOHJEH M T'YCEHHUYHBIX MAIIHH BCEX
THIIOB OT CeJbCKOX03SIHCTBEHHBIX TPAKTOPOB 10 OLICTPOXOAHBIX TPaHC-
HOpTEPOB-TATraye.

INapansienbHo ¢ pocToM mapka MaiiMH B IJIaHAaX Pa3BHTHS MpO-
MBIIVIEHHOCTH TIPeIyCMaTPHBAETCS KAYECMBEHHbI pocm MAaIIuH —
MOBLILIEHHE HX TPV3ONONBEMHOCTH H IPOXOJAMMOCTH (NOXBHK-
HOCTH).

[ToBbimienHe rpy30nofgbeMHOCTH H HPOXONHMOCTH KOJIECHBIX Ma-
IIMH CBSI3aHO C YBeJIMUeHHEM Harpy3kH Ha HX OCH, a TaKxe YBeJH-
UeHHEM YHCJa ocell, B TOM UHCJIe H BefyUX (MHOTONPHBOXHBIE Ma-
IIMHH). 31O, B CBOIO OYepefb, CBS3aHO CO 3HAUHTEJNbHHIM YCIOXKHE-
HHEM CHJIOBHIX nepefad (TPAHCMHCCHI) MamIHH.

B nocneBoennsie rogs (koHen 50-x ¥ Hayago 60-X roJOB) WIHPOKOE
NpHMeHEHHe HAYMHAIOT IMOJYYaTh. aBTONOE3Jda, MHOFOOCHBIE MHOTO-
NPUBOAHbIE aBTOMOOMJIH, KapbepHble GOJbLIErPY3HbiE MAaINHHE,
a Takxe OLICTPOXOAHblE I'YCEHHUHblE MAUIHHH. DTH MalliMHbB He MO-
XKeT YJOBJETBOPATh OObluHasi 3y0uaras CTyIeHuarasi CHjoBasi mepe-
lava: TpebyeTcsl HenpepoisHas aemomamuueckas. B CBA3H ¢ 3THM
CTaJii MPHMEHSITh PHAPOAHHAMHMUECKYIO K 3JEKTPHUECKYIO NepejauH.
Tax xak mociefHHe MMEIOT CPABHHTENLHO Y3KHMH JHANasoH PEryJid-
POBaHHs, B JONONHEHHe K HUM yCTaHABJIMBAIOT CTYNEHUYaTHeE, OGHIYHO
naqHemapHoie, KOpo6KH nepepau.

CuioBele nepefiaun, TakuMm 06pasoM, CTAIH KOMAAEKCHoimU. B He-
KOTOPBIX M3 HHX OJHOBPEMEHHO BCTPEYaloTCs 3y6uarhie IJIaHeTap-
Hble MeXaHM3MEl, THJDaBJHUECKHE H 3JIEKTPHUECKHe Iepelayd.

Ilranemaproul  mexanusm TpHan CHIOBOH Nepefaue NpPHHLH-
NHajbHO HOBbIE KauecTBa. EciM ellle HeJaBHO OH 3aHHMaJl B CaMo-
XOJHOH MaiuyHe BeCbMa CKPOMHOE MeCTO H €r0 NpHMeHeHHe, HanpH-
Mép B aBTOMOGHJIAIX, OTPAHHYHBAJIOCH TOJIBKO MCNONB30BAHHEM B Ka-
uecTBe MexKojecHoro naubdepenuuana, Te cefyac 310 — OfUH U3
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BaxkHeHIIMX MeXaHH3MOB JI060# cuioBoil nepesayn. OH npUMeHseTcs
Kak B KOJIECHBHIX, TaK H B T'yCEeHHYHHIX MaUIHHAaX.

TIpuMeHeHVEe NJIaHETaPHOFO MeXaHH3Ma OTKPHLIO LIHPOKHE BO3-
MOXHOCTH ISl CO3JaHHS HOBBIX THIOB MEXaHW3MOB CHJIOBHIX Iepe-
1au, HanpuMep MHO20NOMOUHbIX nepedas, MEXaHH3MOB NOBOpOTa Y-
CEHHUHBIX MAIIHH ¢ O0B0UHbIM 1n00B00OM MOUHOCMU, TJaHETAPHBIX
KopoGoK mepejay, NJaHeTapHEIX GOPTOBHIX Nepenad.

ITnanerapHblfi MeXaHU3M C JBYMs CTENleHSMH CBOGOAbI NO3BOJIHJI
CO31aTh nepedauu ¢ 3QMKHYMbIM NOMOKOM 3SHepeulu, 49TO, B CBOIO
ouepejib, BHIABHHYJIO PSJi HOBHX BaXKHHIX NMpoGaeM B pabore mnepe-
JayH.

OCHOBHHIM MEXaHHM3MOM BCAIKOH CHJIOBOH Nepefaul SBJISIETCS ee
MPAHCHOPMAMOp KPYmawe20 MOMerma.

Pa3BuTHe COBPEMEHHBIX CHJOBHX Nepefay B NeEPBYIO Ouepenb
HIET N0 NYymu COBePUIEHCIMBOBARUS MPAHCHOPMAMOPa, NPULAHUS eMy
KauecTB HENMPEepPHIBHOCTH M aBTOMaTHUHOCTH. Ha pemenue stofi mpo-
GJeMH HampapjJeHO BHHMaHHE KOHCTPYKTOPOB, YueHHIX M H3o6pera-
Tesneit. B uncTo mexanuueckom acnexme sta mnpobiema, OJHAaKO, OKa-
3ajach upe3BhyaiiHO CiokHOM. Jlo cuX HOp mexanuueckut Henpepbis-
Houl  mpancgopmamop He cosdan, XOTE Ha 39TO 3aTPayHBaIOTCA
OrPOMHEIE MaTepHaJbHHE CPEACTBA H TBOPUECKHE YCHJIHS.

Pemrenne npoGieMbl HENPEPHIBHOCTH H aBTOMAaTHYHOCTH B HACTOS -
1ee BpeMsi JOCTHIaeTcsl NPHMEHeHHeM B CAMOXOAHHIX MallHHaX THAPO-
JUHAMHYECKHX H 3JIEKTPHUECKHX Iepeaad.

[MpoGneMsl CHIOBHIX Nepefad Kak BCSKHE CJOXKHBIE NPOOGAEME
Tpe6yIoT B NEPBYIO OYepelb HX TEOPETHUECKOro OCMHICIHBaHHA. bes
3TOro BCE CPENCTBa, HampaBlsieMBle Ha pelleHHe NpobneMbl, GYAYT
pacxoyoBarbcsi OecniosiesHo. TOJNbKO TeOpeTHYeCKOe MOHHMAaHHE Npo-
61eMBl TI03BOJISIET HAMETHTb OOUIMA NyTh ee uccaegoBanus. IIpn sToMm
ceflyeT HMeThb B BHAY, UTO NPOOIEMBl COBPEMEHHEIX CHJOBHIX Iepe-
Jay HaCTONbKO MHOIOOODA3HH, UTO OXBATHTh MX KaKHM-IHO0 OJHHM
METOJOM HCC/IEAOBaHHS, OCHOBAHHHIM Ha KakKOH-1HG0 OAHOH HAyuHO-
TeXHHUeCKO} AHCHUILIMHE, HE IIPEACTABIAETCS BO3MOXKHLIM. TpeGyercs
obuwjas meopus, KOTOpast, MNOJNb3ysiCb HEGONBIIMM YHCJIOM OCHOBO-
NOJAaTa0IKX MPHHIMUIOB, NO3BOJANA Obl OMHCHBATL BCE SIBJIEHHS,
NpOTeKallllHe B CHJIOBHIX Nepejjauax PasiHYHBIX THIOB, HCNOJb3YIO-
KX pasjuuHele (GopMBEI SHEPTHH.

B xauecrse Takoill TeopHM Owa paspaGorafa meopus Cun08020
nomoka. Tlocnenusist ocHOBLIBaeTCA Ha JBYX odﬁmx HPHHIUIAX IBH-
KEHHA MaTepHAJIbHbBIX CHCTEM. DTH NpPHHUMAE 0606WaioT paGoTy
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cUCTeM M TO3BOJSIOT MOJYYHTb €INMHBIN METOJ HX pacuema, T. €.
onpeleNeHnss CKOPOCTHBIX, CHJOBBLIX H MOUIHOCTHBHIX apaMeTPOB CH-
crTeMbl, HE3aBHCHMO OT TOFO, KaK YCTPOEHa CHCTeMa H KaKYI SHep-
ruio OHa npeobpasyer.

Pacyer xoMnieKCHHIX mepefay, He roBops o6 MX aHa/JH3e H CHH-
te3e, IPEACTaBIseT COO0H CJAOXKHYIO HHXKEHepHylo 3ajauy. Jlas pac-
yeTa KOMILIEKCHOM Nepejayd HeJOCTaTOYHO 3HAThH 3JEMEHTAPHEIE 3a-
BHCHMOCTH 3y6uUaToro 3alemJieHHs, KakK 3To TpeGoBajoch paHbIIe.
Tenepbs HeOGXOIMME! YHHMBepCaibHBIE CBEEHHS IO TEOPHH MJaHeTap-
HHIX Nepefauy (He OTHENbHHIX INPOCTEHIIHX MEXaHHM3MOB, CBENEHHS
0 KOTOPHIX JaeT TeOpHsl MEXaHH3MOB M MAIIHH, a Mepefalt, T. €. CJI0XK-
HBEIX Pa3BETBJECHHBIX CHCTEM, HAXONSIMMXCH B MHOTOOGPA3HHIX CHJO-
BHX H KHHEMaTHUYeCKHX CBf31X), N0 THAPABIHUYECKHM H 3JEKTpHUe-
CKMM MAaIIHHaM.

Tlo ruzpaBAHYECKHM M 9JEKTPHUECKHM MaLIMHAM H, B YaCTHOCTH,
[0 UX pacyeTy HanHcaHO MHOro KHHT. OJHAaKO 3TH KHHTH, CO3JaHHEE
FHAPABAHNKAMH H 3JIeKTPHKaMH, NpeJHa3HayaTcs B MEPBYIO OUYePenb
IJIs1 JIMN, TeX e CrnenHanbHocTell. Pasobparbesi IO HHM B pacyere
HHXEHEPY-MeXaHHKy TpyxHo. i 3Toro Hajo npeofoseTs P Gapre-
POB, CO3JaHHBIX CIENHANbHOH TEPMHHOJOTHeH, MeTOJOoJOTHed, ne-
CATKAMH CIELHAaNbHEIX NPHHIKIOB H NPAaBHIL.

TeopHst CHIOBOTO NMOTOKA NO3BOJISIET HHXKEHEpPYy-MeXaHHKY CaMo-
CTOSATENIHO pa306paThbcs B J000H CJOXKHOR KOMILIEKCHO# mepepaue
H CyMeTb PacCuMTaThb €e, T. €. ONPEJeNHUTh ee CKOPOCTHEE, CHJIOBEIE
H MOUIHOCTHBIC IlapaMerphl.

B panHOlt KHHre TEOpHSA CHJIOBOIO NOTOKA NPHJIATAETCS TOJBKO
K pacueTy CHJIOBHIX Iepefay KOJECHBHIX H TIyCeHHUHHIX MAallHH.
Onnako oHa He OrpaHHMYeHa 3THMH paMKaMH H MOXeT OBIThb IpH-
JIOXX€HAa H K JIPYrUM 00JacTsIM T€XHHKH, K JPYrHM MailMHAM H mepe-
Zayau.

B cBg3u ¢ 3THM NOTpeGOBAJNOCH HM3JIOKHUTH (U3MYECKHE OCHOBEI
TCII. Mm mocesimien m. 1 rai. I, rie pacemarpuBaiotcst o6mue BONPOCH
IBYXEHHS MaTepHaNbHBIX CHcTeM. De3 MOHMMAHHA 3THX OCHOB YMTa-
TeJI0 TPyAHO GYNET CAaMOCTOSITEJbHO BHIATH 3a PaMKH K3JaraeMbix
B KHHTe BONPOCOB. B TO ke Bpems HcC/leioBaHHE YAacTO CBS3aHO
C BO3HHKHOBEHHEM HOBHIX Npo6jeM H HOBHIX 3ajay, KOTOphle He
YKJIajpiBaioTcd B PAMKH OXHOH paGoThl.

Kuura penurtcs Ha nBa pasgena: nepBHl pasigen —Teo pu s
CHAOBOro mnNOTOKA, BTOPOH —pPacCUY€T CHAOBHX
Nepegauy,




B nepBoM pasgfene paccMaTpHMBalOTCs OOMHE 3aKOHOMEPHOCTH
nepejfaun u npeoOpa3oBaHUs CHJIOBHIX IIOTOKOB, MIPOTEKALINX B pa3-
JUUHBIX MEXaHHW3MaX M arperarax CHJIOBHIX Nepejau.

Bo BTOpOM pasjene Jaercs NPHJIOKEHHE STHX 3aKOHOMEpHOCTeH
B BHJE INPUHLUHIOB M PacUeTHBIX CXeM K pacueTy CHJIOBHIX Nepezad,
aHaJqu3y HX U CHHTe3y.

Tak kax KHura HamucaHa s HMHXKEHEepOB, OHAa cHabxeHa 6oJb-
KM KOJHWYECTBOM YHCJOBHIX NPHMEpOB, peIleHHe KOTOPHIX I03BO-
nsieT TAy6Ke H MpelMeTHee OCBOMTb He BCETJa INIPOCTOH TEOpeTH-
YeCKHMH H pacyeTHHH MaTepHaJs KHHTH.

Bo Bropom uszanum (nepBoe Briujio B 1967 r.) Gosee cucremaru-
3HPOBaHE BONPOCH TEOPHH CHJIOBOTO NOTOKA M paciiEpeHa 06/acTh
ee mpuMeHeHUs. DoJjiee MOJHOE M CHCTEMATH3HPOBAHHOE H3JIOXKEHHE
NOJYYHJH TakXKe BONPOCH pacyeTa CHJOBHX Iepefay, ocoGeHHO
NEepPCIeKTUBHEIX — THAPABJHUECKHX H 3JeKTPHUECKHX.

ABrop npuHocuT GmarogapHocTh ToBapumiam [O. A. Crenanosy,
H. 1. Bonosenb, A. M. Jlbicerko u A. B. Babuny, okasaBwmM emy
NoMOIlb IPH NOJATOTOBKE PYKOMHUCH K II€YaTH.




PASNEN NEPBBIN

TEOPHA GHAOBOTO




fnaBa l

OCHOBbLI TEOPHH CHNOBOr0 NOTOKA
1. TMpuKUMAB- ABHKEHNA

Besikoe pBuxkenme, Oyab TO MeXaHHYeCKOe, I'MAPABIHUECKOE WM
3JIEKTPOMAarHHTHOE, MPOHCXOJsIlee B MAIIMHAX HJHM KaKHX-JH00 Apy-
r'Hx npeobpasyioliux ycTpoicTBax (nepefayax), MOXKHO paccMarpH-
BaTb KaK [ABHIKECHHE MamepuaivbHulx NnOmokog, NPOTEKamHX B Ipo-
CTPaHCTBEHHO-BpEMEHHOH CHCTeMe KOOpJAHMHAT.

Takoe paccMoTpeHHe BONpOCa NO3BOJSET, ONUPAACH HA HEKOMOpble
obujue Nnpuryunel, NOCMPOUmMb MeOpulo OBUICEHUA MAMEPUANLHOIX
cucmem ¥ Ha 0CHOge ee Oamb obujull memod ux paciema.

ComocraByisisi sIBJIEHHs; IPOTEKAaloU[ieé B pa3JHYHBIX CHCTEMAX,
MOXKHO KOHCTaTHpOBaTh, UTO BCe CHCTeMHl OGIajaioT OOUIMMH CBOH-
CTBaMH.

Tak, mo aHaJOTHH ¢ ABHXKEHHEM MeXaHHYEeCKHX CHCTeM, IBHXKEHHE
KOTODHIX, BEPOSITHO, JIEXKHT B OCHOBE JBHXKEHHSI BCEX JAPYTHX CH-
CTeM, NOTOK MOXKHO XapaKTepHu3oBaTb JByMsl (M3MUECKHMH BeJHUH-
HaMH: cun08bim U ckopocmuoim axmopamu. CuioBoit ¢akrop anamo-
THUeH MeXaHHUYECKOH CHJe, CKOPOCTHOH — MeXaHH4eCKOfl CKOPOCTH.

310, KOHEYHO, TOJbKO aHaJorus. Ha camoM pese cHjioBOit H CKO-
POCTHOH (baKTOPH MaTepHAJbHOTO IIOTOKA HMeloT 0Oosiee WIMPOKOE
o6obmaroniee 3HaUueHUe ¥ HX HeJb3sl IPOCTO CBOAHUTh K MeXaHHUECKOH
CHJIe ¥ CKODOCTH.

Ilpu pBHXeHUH NOTOKM MexAy coGoil esaumodeticmsyrom, Gmaro-
Iapsi ueMy IIPOMCXONHT HX KOJIMUECTBEHHOE M KaueCTBEHHOe npeobpa-
306anue. IIpu KonuuecTBEHHOM NpeoOpa3soBaHUM H3MEHSETCS COCMOsf-
Hue TOTOKAa, IPH KaueCTBEeHHOM — €ro gud: IIOTOK OJHOro BHIA ya-
CTHUHO HJIH TOJIHOCTBIO NEPEXOAHT B IOTOK Jpyroro BHJA.

IToToku MoryT OBITE Hanpasienxbvie, pAcCCesiHHble U QKKYMYAU-
pyrowue.

Hanpapiiennrie MOTOKH NmepefaoT ABHKEHHe U3 OJHOrO MecTa Ipo-
CTpaHCTBa B Apyroe. MecTo, I'le NpOUCXOAHT NpeoOpasoBaHHe IMo-
TOKa, B TOM YHCJ/Ie H €0 aKKyMY/JHPOBAaHHE, HA30BeM 34080l mou-
Ko, a CaMH IOTOKH — CUAOBbIMU NOMOKAMU, TIOCKOJBKY OHH Xapak-
TEPH3YIOT HEe TOJBKO [BHXKEHHe, HO M HAampaBJeHHOE CHJIOBOE
B3aHuMOJefCTBHE,
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Tak Kax CHJIOBbIE IIOTOKH INPOTEKAl0T B HPOCTPAaHCTBEHHO-BPE-
MEHHOH CHCTeMe KOOpJMHAT, UX CKOPOCTHOH H CHJIOBOH aKTOpH
NOMKHEL ObITh QYHKIHUSMH 3THX KOOPIHHAT.

O6031ayuM KOOPAUHATY TOYKH NIPOCTPAHCTBA, Yepe3 KOToPyio Mpo-
TEKAaeT CHJOBOfH IMOTOK, BEKTOPOM-PAafHyCOM I, a BpeMsl — CKajsap-
poii BeanunHoi . KpoMe Toro, CKOpocTHO! B CHIIOBOH (akTOpH GyaeM
o6o3HauaTh OyKBaMH U H . B ofuemM ciyyae — 3TO BeJIHUHHB BEK-
topHble. VX pyHKIHOHAJIbHEE BHIPAXKEHHSI MOTYT GBITh IPEACTABAEHEl
B TakoM Buge: u = u (r, f); q = q (r, ?).

PaccMoTpHM BO3MOXHBIE NPeoGpa3soBaHHsl CHIOBHX NOTOKOB B y3-
JIOBBIX TOYKaXx.

VY3anoBrle TOUKH OHBAIOT ABYX THIIOB: pA36emeAsuoujas U KUHemu-
yeckas. PasBeTBisiiomasl TOYKA HMMeeT MaTeMaTHUecKylo XapaKTepH-
ctiky U = u (f) 1 q = q (r), a xuHeTHyeckass u =u (r, ) U q =
=q (%).

Orcioa ciefyer, uTO pa3BeTBJsSIONIAs y3JOBas TOUKa NPOCTPaH-
CTBEHHO NPEJCTABJSET eOMETPHUYECKYI0 TOUKY, TaK KakK JAjs Jo6oH
TOYKH NPOCTPAHCTBA MOTOK HMeeT OJHHAKOBHIH CKOPOCTHOH ¢akTop,
3aBHCANIHA B 06lIeM C/iyuae TOJbKO OT BpeMeHH. Ecau moTok cma-
yuonapreli, To u = const.

CunoBoit pakTop NOTOKa B Pa3HHIX TOUKAX NPOCTPAHCTBA HMEET
pasHoe 3HaueHHe, CJeNOBaTeJbHO, B paccMaTpHBaeMOH TIeoMeTpHue-
CKOH TOUKe NPOHCXORHUT passemsiexue nomoxa. Kaxavei pa3BeTBjeH-
HEIfl TOTOK XapaKTEepPH3YeTCs CBOMM CHJIOBBIM (PaKTOPOM.

Tak kak ckopocTHOH ¢aKrTop 3aBHCHT OT BPEMEHH, TO MOXKHO
HOCTYJIHPOBATh, UTO B NAHHOH Y3JI0BOH TOUKE HMEETCs NOTOK, Xapak-
TEPHCTHKA KOTOPOTO OIpeessercsl YCKOpeHHeM. DTOT IIOTOK Ha30BeM
UHEDYUOHHBIM.

VHepnuoHHBI NMOTOK XapakTepH3yeT KOHCEPBATHBHYIO NIDHPORY
MarepuH, KOTOpasi CONPOTHBJSAETCS H3MEHEHHIO CKOPOCTH ee JBHXKe-
HH4.

Takum o6GpasoM, pa3sBeTBAAIOMAS Y3J0OBas TOYKa IPEACTaBJsET
FEOMETPUYECKY10 TOUKY IPOCTPAHCTBA, B KOTOPOH CXOASITCA OJHOTHII-
Hble MOTOKHM, B TOM YHC/ie H HHEPIMOHHBIA IOTOK, HMEIOIIME pa3Hble
CuJIoBble (haKTOPHl M OOWIMH CKOpOCTHOH ¢akrop.

PasperBasitoas ysjgoBasg TOYKa ONHCHIBAET KOAUHECMBEHHOE npe-
06pasoeanue CHIOBONO MOTOKA.

KuHernyeckasi y3JjoBasi TOuKa OXBaThiBaeT Npeo6pasoBaHHeM He-
KOTOpoe OorpaHHueHHOe NPOCTPAHCTBO, Yepe3 KOTOpOoe IPOXOJIHUT CH-
JoBoH mnorok. IlosynmoTok, BXOASIIHH B Y3JOBYI0 TOYKY H BH-
XONSWMH H3 Hee, HMeeT pa3HOe 3HayeHHe CKOpOCTHOro (ak-
Topa. Ecaum noTOK CTauHOHApHHHE, TO u =u(r) # q = const.
CunoBoft (hakTOp MOTOKA HE HM3MEHSErcss Ha BXOJie H BHIXOJE H3
Y3710BO# TOUKH.

VsMeHenne CKOPOCTHOrO (hakTopa COIPOBOXKAAETCS INOSBJICHHEM
B Y3JI0BOil TOUKE nomoKa npeo6pasoeanus. D10 MOXKET OHITh aKKyMy-
JHDPYIOMMH HMHEPUHOHHBIA WIH IOTEHIHaJbHBH IOTOK HJH IOTOK
Apyroro Buja, HMEIOWHA UKy Gopmy OsuscerUs mamepuu.




[TosiB/ieHHE TIOTOKa HMHOTO BHIA, U€M OCHOBHOMH, YKashBaeT, 4TO
B .KHHETHYECKOH TOYKe IIPOHCXOIMT KQueCmeeHHoe npeobpasosanue
CHJIOBOTO TIOTOKa.

Honyctum, uTO CHJIOBOH MNOTOK JHHAMHUYeCKHH: u ==u (r, 7).
B stom cayuae noTok npeoGpas3oBaHusi 6yleT MHEPLHOHHEIM.

VIHepUHOHHBIN NOTOK Pa3BeTBJAIONICHl TOUKH MOXET OBITb TOJBKO
BHELIHHM HJIH a6COAIOMHbIM NOTOKOM. VIHEpPIIHOHHBIH NMOTOK KHUHETH-
4eCKOH TOUKH MOXKeT OLITh KaK aOCOMIOTHLIM, TaK H OMHOCUMEAbHbIM,
T. € BHYTPEHHHM IIOTOKOM, CKOPOCTHOH ()aKTOp KOTOPOro ecTb OT-
HOCHTeJbHasl BeJHuHHa. B nocienHem ciyyae — 310 moTok npeobpa-
30BaHHA.

WHepiuoHHEIE TOTOKH GHIBAIOT aKkymysupyroujue v yermpobeoi-
Hole. AKKyMyJqUDYIOIIMN HHEPUHOHHEIH NOTOK B y3J0BOH TOYKEe Ha-
Kan/uBaer MJH OTJaeT paHee HAKOIJIEHHOe [BHXEHHE OCHOBHOMY
noToKy. To XKe OTHOCHTCS M K NOTEHIHAJbHOMY aKKyMyJ/MpPYIOLIEMY
NIOTOKY.

[lenTpo6eXHbI! MOTOK SIBISIETCS Pe3y/bTaTOM M3MEHEHMs Halpas-
JEeHHd B NPOCTPAHCTBE BEKTOpa CKOPOCTHOro dakTopa, B TO BpeMs
KaK HHEPIHOHHBIH aKKyMYJ/JHPYIOWHH NOTOK XapaKTepPH3YeT H3Me-
HeHHe BeqnuuHH BekTopa. lleHTpoGeKHEI MOTOK NBUXKEHHE HE aKKy-
MYJIHpPYeT.

PaccMoTpuM HeKoTOphle NpHMepH! npeobpa3oBAHUH, NPOHCXOAS-
IMUX B Y3/I0BEIX TOYKAX CHJOBOTO NOTOKA.

Ecau npeoGpasopanne B pasBerBasOUled TOUKe sBJdeTcs Mpo-
CTHIM, T. €. HemOCPEACTBEHHBIM B3aHMOACHCTBHEM, OCYUIECTBJIsAEMBIM
MEeXIy [OTOKaMH OJHOTO BHUJa (3T npeobpa3oBaHus GyjAeM Ha3blBaTb
nocaedosamesbHoIMU), TO B HeaKKyMYJHpylollell KHHeTHUECKOH TOUKe
npeo6pasoBaHue ABJSETCS CAOXHEIM napaitesvhsim. Mexanusm npe-
o6pa3oBaHHs 3[ieCh HAaM He BceTAa u3BecTeH. Mul MOXKeM JHIIb KOH-
CTaTUPOBaTh, YTO B Y3JOBOH TOUKE NapaJ/ijieJJbHO OCHOBHOMY SIBJICHHIO
npeo6pasoBaHusi Nporekaer Apyroe ssjeHue. O6a fABaeHHs MaTe-
MaTHUYeCKH CBSI3aHbl BHYMpeHHKell xapaxmepucmukoil, Kotopas Inpen-
CTaBJsET 3aBUCHMOCTb MEKAY HaKTopaMH OCHOBHOI'O IIOTOKA H NMOTOKA
npeo6pasoBanusa. OTa XapaKTepUCTHKa yCTaHaBJUBAeTC AaHalIWTH-
YeCKM, ecJH H3BeCTHa NPHpOAAa BHYTPEHHHX CBs3ell KHHETHUYECKOH
TOUKH, HJH 3KCIepHMeHTanbHO, €CJAH 3TH CBA3H HaM HEH3BECTHBI.

Tak, nanpumep, npu ABHKEHHH 1O NPOBOJHHKY 3JEKTPHUECKOTrO
TOKa BOKPYT NPOBOXHHKA BO3HWKAET 3/EeKTPOMATHHTHoe mose. Me-
XaHH3M CBS3H MEXJAY TOKOM M INojieM Ham HeusBecreH. Onnako o6a
ABJEHHs TapajljieJ]bHO CONPOBOXKAAIOT APYT Jpyra.

MarepuanbHoe Teso HMeeT MOCTyNareNbHOE W BpallaTeNbHOe ABH-
*KeHue. OfHO JBHXKEHHE MOXKeT B KMHETHUECKOH y3J0BOH TOUKe mepe-
XonuTh B aApyroe. O6Ga ABHXeHHS NPOTEKAalOT Mapasje]bHO H ONHUCH-
BalOTCA OJHO OCHOBHBIM IOTOKOM Y3/I0BOH TOUYKH, APYroe — IOTOKOM
npeo6pasoBaHus.

ITycrte npeacrasaennoe Ha puc. 1.1, a HenoaBHKHOE MaTepHAIbHOE
Tesio obnagaer abcoaomHoll ynpyaocmero, T. €. CIOCOGHOCTBIO Jedop-
MHPOBaTh¢A TIOA JeHcTBUEM JBYX DAaBHHIX H MPOTHBONIOJIOXKHO Ha-
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npasaennbx cuan Fy u F,, abcomorHas BennuuHa KOTOpHX F MoXer
GHTE KaK YroJHO Mamo#l (4TO yKasniBaeT Ha OTCYTCTBHE B TeJe BHY-
TpeHHero TpeHusi). IIpuMeM Takxe, 4TO TEJIO HEBECOMO, T. €. He obxaa-
naerT MHepuHoHHON Maccofi. Torxa, ¢ Kako#l Gbl OTHOCHTE/NbHOH CKO-
pocThlo U = vU; — U, He NpPOHMCXOAWaa AedopMauusi Tena, 3TO He
MOBJIMSIET HA €r0 CKOPOCTHOE COCTOSIHME, TaK KakK MNOoC/efHee 3aBHCHT
He OT BpeMeHH, a OT (OPMEHI Tena.

Vrpyruit I0TOK CKHMaeMOTo Tesa MPOoTeKaeT NapajenbHO OCHOB-
HOMY MEXaHHYeCKOMY NOTOKY, TaK KakK IOCIEIHHH B CHJIOBOM OTHO-
LIeHHH sABJIsercss HepaspuiBHEIM moToKoM (| Fy| =|F,l).

[MTpouecc npeoGpasoBanus 34ech ABJASCTCSA CJIOXKHEM H COBEpIIAeTCs
B KHHETHUYeCKOH y3/oBofi Touke. [IpumepoM aGcoMIOTHO-yIPYyTOro
TeJa MOXKET CJAYXKHTb HeaNbHBIH HEBECOMBIH a3, cXuUMaeMbld, Ha-
npUMep, NPH IOMOIY MOPHIHSA '

B HHUJHHJpE. a)

¢ 0) 8 ,
v v
Bosbmem Tenepb abcoawom- vy v .
2 1 2
HO meepdoe meno, 06aadarouiee ?‘%ﬁ- 7’@7— 7’@‘—'
UHEPYUORHOU maccoti U IBUXKY- 1 - 'z J o D
J

Ieecsi MOCTYNaTeNbHO B IpO-

crpadcrBe (puc. 1.1, 6). Ecaiu  Puc. 11. TIpeoGpasoBaHue MeXaHHUECKOro
K TeJIy HpHJIO)KHTb CHJTY F, CHJIOBOTO TIOTOKa B YNPYIroM (a) H HHep-
TO CKOPOCTHOE COCTOSIHHE TeJia LHOHKEX (6, 6) Tenax

6yJeT U3MEHATbCA BO BpEMEHH.

IIpy stOM Teno 6yner CONPOTHBAATHCA 3TOMY H3aMmeHeHHi0. Co-
raacHo Jlanambepy, TO CONPOTHBJ/IEHHE BhIPaXKaeTcst IPUJIOKEHHOH
K Teaqy cuioif uHepuuu F;. Cuja HHepuu¥ paBHa MO BeJHYHHE H
IIPOTHBOIIO/IOKHO HampaBJjeHa JeficTylomeli cune. IIpeo6pasoBaHue
IOTOKa B JlaHHOM CJIyuae MPOCTOe U COBEpINAeTCsl B Pa3BeTBJAIONIEH
y3J10BO# Touke. 37ech MOTOK JAeHCTBYWOIIEH CHJHE NOCJAE0BATebHO
NepexXoiuT B HHEPUHOHHBIH MOTOK.

Eciu B34Tb JBa HHEPUHOHHHIX Tesna, B3aHMOJCHCTBYIONME MEXIY
co6oif, TO MOXHO MOJYYHTb TAKYIO Ke CXeMy NpeoOpasoBaHMs, KaK
u B ynpyrom Tene (puc. 1.1, 8): MexaHHueckH¥ INOTOK NePEXONHUT
B MHEDIHOHHBLIH, a UHEPUHUOHHKIH — CHOBA B MexaHuueckui. OfHako
3leck Tmpouecc npeoOpasoBaHUsl OCTaeTcs NOCHAeNOBAaTeNbHBIM, a He
napaijenbHEM, TaK KaK MeXaHWYECKHH H HHEPIHOHHHIH NMOTOKH MO-
CJIeJIoBaTebHO B3aHMOJEHCTBYIOT MeXJy CoG6oi.

Bce Tena oGmapawor ynpyrocTeio M HHepuueif. Onnako HHOTAA
IJs1 yrpolneHusi 3ajaul OblBaer yLOOGHO abcTparupoBaThesl OT YIpy-
FOCTH Tesa, CUHTasi €ro aGCOMIOTHO TBEPALIM, HJHM OT €ro MHEepuuH,
CyuTas Teno aGCOJIOTHO YNPYTHM.

Paccmorpum Tenepr saeKkTpuuecKHe CHIOBLIE NOTOKH. IIpejicTraBum
B BHJe HEKOTOPOTO 3JEKTPHUYECKOTo «Teja» npoBoiHuk (puc. 1.2, a),
HaXOJsAMKHCs MO KOHILAM II0J OTEHIHANAMH @, H @,. Ilo npoBoaHuKY
Teuer Tok custoft |i;| =|i,| = i. Bokpyr npoBoIHHKa CO3Laercs
SJIEKTPOMarHUTHOE II0JIe.

ITpuMem noreHnualsl B KauecTse a6COMIOTHBIX CKOPOCTHHIX haKTO-
POB ajiekTpuueckoro CHJIOBOTO NOTOKa, a CHJY TOKa i — B KauecTBe
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ero cujoporo ¢akropa. [onycTuM, 4TO NPOBOAHHK o6nafaeT TOJLKO
MHIYKTHBHOCTBIO U He 06sajiaeT eMKOCTbIO. Torfia 3/eKTpoMarHuTHOE
noje GyJer mojseM YHCTO MarHUTHBIM. MaruauTHoe noJjie MMeeT mapat-
JISJIbHYIO CBSI3b C TOKOM.

Ecnu BoGnosb30BaThcs MeXaHWYeCKOH aHalOTHeH, TO MarHHUTHOE
HoJie MOXHO TPEJCTaBHTb KaK ympyroe TelO, a TOK — KakK MeXaHH-
YecKyl0 CHJIy, AehOpPMHPYIOULYI0 3TO TeJO.

HonycTiM Tenepb, yTO MMeeTcs 3JEKTPHUECKHH 3apsj € MOTeH-
1IMaJIOM @, PACMOJIOKEHHBIA B HleaJbHOM JIH3JeKTpHKe (puc. 1.2, 6).
K 3apsily u3BHE 1o NpoBOAY (MJAH APYTHUM NyTeM) NOJABOASATCH HOBLIE
sapsijibl. BOKpyr 3apsja, Kak U BOKPYI TOKa, o0pasyercs 3JEKTpO-
MarHuTHOe moJe. Eciy moreHuMas W3MEHsIeTCS BO BPEMEHH, TO MoJe
O6yzeT ajekTpuueckoe. Tak Kak Mbl NPHHAJH TOTEHIHAJd B KauecTBe

CKOPOCTHOTO (paKTopa, TO 3JeK-
TPUUECKOe II0JIe MOXKHO CpaB-

7)] , a) 8 ’

¢ g 9 9 ) ¢ g, HHBaThb C MHEPIUOHHHIM TeJIOM

L—»%T» T’@T’ Z—»N—T [6]. B kauecTBe CHJILI HHEPIHH
7 . z ¢ ! ) 2 gllechb CcAefyeT NPHHATb MoK

cmewenusn i, (cM. . V, o 1).
Puc. 1.2. TIpeoGpasosanue anekrpuieckoro 10K CMEIIEHHS YDaBHOBeIIM-
CHJIOBOrO NIOTOKA B MaTHHTHOM (@) M 57ek- BAeTCs C JEHCTBYIOIIMM TOKOM i
TpHUecKHX (6, 6) moasAX (c TokOM mepeHoca 3apsilOB).
[TpeoGpa3oBanue CHJIOBOrO IO-
TOKa TMPOCTOE H IIPOHUCXOJHT B Pas3BeTBJSIONIEH Y3J0BOH TOUKe.
MoxHo B3dTh JBa 3apAja, K KaxkJIOMy H3 KOTOPBHIX MOIBOASTCS
HOBble 3apsfipl, TOrZa B3aMMOJEHCTBHE SJIEKTPHUECKHX MOJeH
3TUX 3apsfoB OyJeT ONHUCHLIBATLCS CXEMOH, INpeACcTaBJeHHOH Ha
puc. 1.2, 6, T. e. eMKOCTHOM KHHETHYECKOH y3J0BO# TOUKOH. Jra
TOYKa MMEET TaKOoM e BHJ, KaK M KMHEeTHUeCKasi TOuKa, NpeCTaBJeH-
Has Ha puc. l.1, 6. 3pech, oflHaKO, BHYTPEHHUI HHEPUHOHHEKIH NOTOK
(TOX cMelleHMs)) sBJseTCS IIOC/IEoBaTebHHIM [IOTOKOM C [IOTOKAaMH
nepeHoca 3apsijioB i.

3aMeTHM, UTO KaK eOUKO Ynpyeo-UHePYUOHNOE MAMEPUALbHOe MEAD,
maK eOUHO U 3AeKmMPOMAZHUMHOE noAe.

B paccmoTpeHHOM Bhille MPHMEPe pasBeTBJsIOLIAas TOUKa HMeJa
IBa moaynoroka. B ofliem ciayuae pasBeTBasiollas TOUKa MpeACTaB-
JISI€T COOOH y3es, K KOTOPOMY MOXKET NOJBOAHTLCS CKOJBKO YTOAHO
OJIHOTHNHBIX NOTOKOB. KHHeTHueckas Touka, HaoGopoT, Bceraa HMeeT
TOJILKO JIBA NMOTOKA, OAMH H3 KOTODHIX SIBJISIETCSI OCHOBHBIM, aJpy-
rol — norTokoM npeo6pasoBanus. [Ipeo6pasoBanre IOTOKOB B KHHe-
THYECKOH TOYKe MPOMCXOJMT 3a CUeT M3MEHEHHsI CKOPOCTHHIX (haKTo-
POB MOJYNOTOKOB, T. €. NOSIBJEHHS B Y3JOBOH TOUKE OTHOCHTENILHOTO
CKOPOCTHOTO (akTOpa HJIH CKOAbXMCEHUSR mouku. 3a CUET CKOJbXKEHHS
U TPOUCXOAUT KayecTBeHHOe MNpeoGpasoBanme MOTOKa. ECaM Touka
3a0/I0OKHpOBaHa, T. €. He HMEEeT CKOJIbKEHHS, TO OHA NEPEeJaeT MoToK
6e3 npeoGpasoBaHus — KaK HanpasJeHHHIl HeAKKYMYJHPYIOUMH 110-
TOK. JTOT NOTOK SIBJISIETCS NOMOKOM C653U MeXIY Y3JIOBLIMH TOUYKAMH.
Kaxpas cBssb, mpunajiexaiiasi ToukaMm paccMaTPHBAeMON CHCTEMEI

12




npeoBpasdbbaktis, 3aMbikaercs Ha aBe yanoBeie Toukd. Ecnm ofna us
TOUEK TPUHANJIEKHUT CMOPOHHE! Cucmeme, TO CBSI3b SIBJSETCH OJHO-
cTOpOHHeH ¥ GyJeT COCTOSATh U3 OXHOTO NOJYNOTOKA, NPHHAJIeXAIEro
y3/0BOf TOUKe paccMaTpHBaeMOH cHcTeMbl. Takyilo cBA3b Ha3oBeM
c60600r0d. OHa GyJleT ONHCHIBATBLCS CBOGOOHBIM NOAYNOMOKOM.

Yro6rl pacnpocTpaHuTh npeoOpa3oBaHUs, NPOUCXOASIIHE B Y3J0-
BLIX TOYKAaX, Ha BCe CJAyuad IBMIKEHHs, CJelyeT BBECTH INOHSATHE
X0A0CMO20 W 3QMOPMONCERHOZ0 NOMOKOG.

CuJI0BOHl NOTOK $IBJASIETCA XOJIOCTHIM, €C/IH €ro CHJOBOH dakTop
paBed Hymo. Eciu Hyuo paBeH CKOpPOcTHOH (akTop, TO MOTOK Oyger
3aTOPMOXKEHHBIM.

BBefieHUe NOHATHS 3aTOPMOXKEHHOTO IIOTOKA IO3BOJISET BBECTH
TakKe NOHATHE abcoaomruoeo nomoka. OCTaHOBHMCS Ha 3TOM BONIPOCE.
Bcesikoe aBUKeHHe OTHOCUTETbHO. [103TOMY B CKOPOCTHOM OTHOIIEHHH
IOTOK JIOJKEH pacCMaTpHBarbCsl He caM Mo ce6e, a JHIUb [0 OTHO-
HIEHWI0 K JAPYTHM NOTOKaM. JTO O3HauaeT, 4TO CKOPOCTHOH (axrtop
[IOTOKA 3aMepsaercsl 0 OTHOLIEHHWIO K CKOPOCTHOMY (hakTopy Apyroro
noroxa. Bei6op cKopocrHoro ¢pakropa mnocjenHero npoussoJied. Ero
MOXKHO NPHHSTh PABHBIM HYJIO, T. €. paccMaTpHBaTh 3TOT NOTOK Kax
3amMOPMONCEHHbLLL.

MoxHO B KauecTBe 3aTOPMOXKEHHOrO MOTOKa BLIOparbh KaKoOH-
Hu6yJb OIHWH IIOTOK, a Bce JpyTHe paccMarpuBaTh IO OTHOILEHHIO
K 5TOMYy HOTOKY. JIBHXKYIIMecs TOTOKH B 9TOM CJyyae YCJAOBHO Ha-
3EIBAIOTCS QOCOMOMHbIMYU W, Clle]OBAaTeIbHO, HMEIOT a6COJIOTHbIE CKO-
pOCTHBIE (aKTOPHI.

Bo3bmeM B KauectBe mpuMmepa TelioBoll noTox. Ilycre cKopocrt-
HbIM (PaKTOPOM TEIJIOBOTO IIOTOKA SIBJISIETCS ero TeMmeparypa. lorja
B CKOPOCTHOM (TeMIIEpaTypHOM) OTHOIIEHHM IIOTOK NOJKEH CPaBHH-
BaTbCs C APYTHM TemJOBLIM IIOTOKOM, UMEIOIYM CBOIO TEMIEPaTypy.
OTHM BTOpHIM TOTOKOM MOXKET CJAYXKHTb, HanpuMep, NOTOK rpaiyc-
HHKa, T. e. npubopa, Ha KOTOPOM 3apanee 3adUKCHPDOBaHa TeMmmepa-
Typa HEKOTOPHIX 3TAJOHHBIX IIOTOKOB, HaNpuMep KunAumeHd BOJpl
H TaloLIero Jbja.

Uro6el onpenenuTs abCOJIOTHBIE CKOPOCTHOH (DaxTOp TEMJIOBOTO
II0TOKa, HYXKHO B3ATb 3aTOPMOXKEHHBIA TennoBoi morok. Takum mno-
TOKOM NPHUHSITO CYUTATH IIOTOK TeJa, MOJEKYJSPHOE JBHKeHHE B KO-
TOPOM OTCYTCTBYET.

Onpenenum Tenepb aGCOMIOTHBI CKOPOCTHOH GakKTop 3JeKTpHue-
CKoro moroka. IlpumeM 3JieKTpHUECKMIH NOTEHIHAJ 3€MJAH DPaBHBIM
HyJ10, T. e. 6yleM CUHTaTh, YTO 3eMJsI B 3JEKTPUUCCKOM OTHOLIE-
HUH — HemoxBuXHa. Orciola NOTeHNHAN 3JIEeKTPHUECKH 3apsiKeH-
HOT'0 MIPOBOJHHKA — €ro abCOJIOTHBIA CKOpPOCTHOH ¢akTop, a pas-
HOCTh MOTEHNHWANOB (HanpsKeHHe) — OTHOCHTENbHBIH CKOPOCTHOH
dakrop.

Ab6cosmorHoe MexaHHYecKoe JIBHKEHHE ([IBHXKEHHe MaTepHabHbIX
TeN) KOJKHO PacCMaTPUBAThCS OTHOCUTENBHO aGCOMIOTHO HENMOABHXK-
HEX oceli koopauuar. Ho B mpuposme Takux ocel Her. AGcosioTHoe
ABMKeHWe MOXHO ObLIO OBl paccMaTpHBATh MO OTHOLIEHHIO K Teay,
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