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Kprron [oroK or ra3oBlt fioHLr
B MAIHPITHO TIOJIE

Mun,ao Baqoe

Hti4uouaaen 4eHmbp no xuzueHa, Cofiua

l. Bue.uenue

I4gsecrsu ca ABa npoqeca, rrpu Korrro ce oclrqecrB-sBa
HacorreH npeHoc Ha ereKTptrqecKl{ 3apeAeEltr qacrwtrn upes Aeficrure Ha MarHtrTr{o
noJre.

flrpno, ako eAEa rracrtrqa c ereKTpuqecKtr 3ap.flA q ce ABuD.rv. B HexoMorenno
MaTHIITHO rroJre, To rracrr.rrlara ocbrrlecrBrBa apefiQ [l] uo nocoKa Ea eAtrHEqeH
BeKTOp

Koraro nefinara HalpeqHa cropocr, yr e pa3nuqna or Hyna. flo 4eQunuqrl.s Hanpeq-
HaTa KOMnOHeHTa vr Ha frbJrHara cKopocT Ha qacruqaTa e EopMarrlHa Ha BeKTopa Ha
MafHETHa r.rn4yrqur .8 B ToqKara Ea B3auMoAeficrsne.

flpu rosn npenoceH npoqec He ce tr3Bbpurna pa6ora
Bropo, aKo eAHa eneKTpuqecKtr 3apeAena rracrlqa B3atrMoAeucrBa c rrocrorn-

HI{ XOMOTeHHTi tr B3atrMHO neplerrAEKyntpHE eneKTptrrlecKo E MarHrrrEo rroJre
(EJB), To rr ocbrrlecrB.sBa Hacoqeu ApefiQ no trocoKa Ha eAEHtrrreH BeKTop

ExBll. = TTi.' Pllal
Karro rl npu nbpBlrc npeHoceH.rrpoqec, TaKLn npn To3u Marnr{Tnoro rroJre

orl{oBo He E3BbprrrBa pa6o'ta, a KoJrnqecrBoro pa6ora, Koero ce E3BbpruBa or no-
TeIIqtrZUTHOTO eneKTpHqecKo rroJre 3a BceKtr qEKbJr rra TpaxoEAaJrHo ABExeHr{e, e
nyla. Cne4oBareJIHo cpeAnoro KoJrtrqecrBo pa6ora, Koero ce E3Bbpruna B rrpenoc-
HE UpOqeC, KJIOHIT KbM HyJra.
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flparruvecxr{ sa rroAAbpxaHe r{ Ha ABara rrpeHocHn npoqeca He ce rr3BrprxBa
pa6ora. E4r,rncrnenuflT MexaHH3bM, qpe3 xofiro 3apeAerxuTe rracr[rlu ry6.rr or xu-
HeTI{qHaTa C}r eHeprnt, e To3r,I Ha eneKTpoMarHuTHo [3JIbqBaHe,
' EnexrpoMarHrirHara paAnarfi.rs, Koqro BoAH Ao 3arlrxBaue Ha ronJIrIHHoro
ABI{xeHrIe Ha 3apeAeHnre rracr[rlure onncaHa n [2] xaro ,q[ctrnarrrBeH npoqec.

Ho rorana rBbpAeHr4ero, rre ABara rrpeHocHn rrpoqeca ca lae4ncw]artrBHu c
TOqHOCT AO KOTUITeCTBOTO Ha Ar,rCUnarUBHtrTe gury6n, T. e, C TOlrrrOCT AO KOr[qeCT-
BOTO HA I{3JIbIIBAHATA EJIEKTPOMAIHNTHA EHEPTII.S, E B'PHO.

C ropnoro ocHoBaHr{e qe orrpeAenuM }r ABara rrpeHocHn rrpoqeca Karo ycnoB-
HO HeAHCErrATHBLrpr, a B CneABarrlur TeKCT I{ B CCilItrS CM[rCbJr IrIe ESIIOJI3BaMe nOH.S-

Tne -,,HeArIcurIar[BHLI" ltpoqecu.
Cera rparxo lr olpocreHo rrle o6crgnu nrpBns or ABara rlpeHocHrl npoqeca

3aqacrnnfl clyuafi, (oraro KaKTo rpaAr{eHTbr Ea MarHtrTHoro rIoJIe, TaKan Anarra-
3oHbr Ha E3MeHeHHe rra rroJrero ca 6esxpafiso roleun.

Beg Aa AorilrBaMe, rqe locorrrrM, ue 4pefiSoBara cKqpocr vd, c Kotro 3apeAe-
Hnre tracrurlrl ce AB[rxar no nocoKa Ha Bexrop n,(l), ue 6sle rpanuqHo roJrtMa,
KOIATO:

- 3apeAeHaTa qacTEqa [pr{ cBoeTo ABI{x(eHtre B xoMofeHHo u rqpafino MaTHET-
Ho IIoJIe (B:Br) Aocrnra Ao 3oHa Ha crbrraJlua MarHItrHa HexoMoreHnocr
(grad.B-+o);

- B 3OHaTa Ha CTATIaJTHa MarHrrTHa HeXOMOTeHHOCT, TOJIeMEEATA HA MaTHET- .

Hara HHA)mqHr ce H3MeHr or rpafina crofinocr (B : Br) go 6eupafino roncMa'crofi-
uocr (B-+o).

3a nmocrpa\vs,Ha Qur. I e rroKa3aHo eAHo Harlpeqn{o ceqeutre Ha KoJItrHeapHo
r.r HalpeqHo-HexoMoreHHo MarnrrrHo noJre. Marnurnara HexoMoreuHocr e crbrlaJl- 

,

HA U Ts [peACTaBrsBa rrJrocxa floBbpxHocr, ql{tro [poeKqtr.s B paBHEHara Ha rlep-
Texa cbBrlaAa c ocra Ox. B ropuara rlonypaBntrHa MarHETHara nnAyKqut e [o,cro-
.sHHa Beruqrana c rpaftna crofisocr (B : Br), a B AoJIHara flonypaBnuna rc e 6egr-
pafino roJrrMa BeJrr,rqr,rHa (Br-+o). C nnrrua lrnnas e noxa3aHa rpaexroptrtra Ha

eAHa rroJroxHTeJrHo 3apeAerra qacrfi\a, Kosro ce ABtrxLr B TIJIOCXOCTTa Ha qeprexa c
nocrocHHa Hanpeqna cxopocr yr r{ ocbqecrBrBa B3arrMoAeficrsne cr'c crarIaJIHE
u rpaHr,rtrEo rorsM Marnr{TeH rrpexoA.

Axo lpeue6perHeM aary6ure Ea KtrHertrqna eHeprtrfl or enerTpoMarutrTno n3-
JIbqBaHe, TO HaCOqeHOTO rrpeMecTBarre Ha qACTId\ATA nO IIOCOKa Ha nl IrIe ce H3B5p-
ruBa c rrocrorHHa apefiQosa cKopocr
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KbAero r: r e napMopoB paAnyc 3a rracrtrqa c Maca m lll; u e noJroBEHara Ha

qB

Qaronnr nbr, Kofiro rracrnrlara tr3Mr{HaBa B 3oHara c reafiqo MarHtrTHo rone (Odr. l);
qB

(D : '- e napMopoBcKa qecrora [1]; vu(cl),, € HecBHa napaMerpxqxa Qynxqnr c ap-

.yr.h o.
Oupocrenoro 4eficrnne Ha crbrraJrnnfl rpau[qeH MarHr{TeH rrpexoA Bbpxy yo-

KopoEE u eJreKTptrrrecKu 3apeAeHr{ qacruqu (Qrr. l) Moxo Aa 6r4e cne4eno go geficr-
ELIeTO Ha [AeaJIeH OfJIeAaJIeH MeXaHHqeH OTpaXaTen B XOMOTeHHO MarHrrTHO rroJre.

Tasr r[ynxquoHaJrHa uAeHTnrrHocr Hu HacoqBa xcM troAMsHa Ea MaTHHTHo-
MarHnrHara crpyKTypa Ha crbrraJrH[s rpaH[rreH MarrrETeH rrpexoA (rr e Texnnvec-
Krr Heo cblrlecrnuua) c MaTIII,ITHo -MexaHlrqna crpyKTypa. Hexa uarnurno -MexaHr{q-
I{ara crpyKTpa Aa e trgrpaAeHa or xpafino no crofinocr nocrorHno R xoMoreHHo
MarHrrrHo nole (l|,) r.r MacrrBeH MexaHtrqeH orpaxaren or EeMarHnreH rrAeaJreH
AlreJreKTpHK. flpu rona HeroBara orpaxareJrua rroBbpxnocr rpr6na ga 6tge opu-
eHTr{paua yclopeAHo na nerrop B.

Ha Qnr. I e uorasaxa v e4laa trJrocra MarnrrrHo-AtrereKTp[qHa crpyKTypa
(M.{-crpyrrypa). C nperrcnana JrnHnfl Ha qeprexa e noKa3aHo eAHo rropMaJrrro
CETIEHHE HA IIJIOCbK MEXAHI,IIIEH OTPAXATEJI, qtrSTO OTPAXATCNHA NOBbPXIIOCT Cb-
Abpxa ocraOx E e optrenrrrpanaycropeAno Ha nerropB.

Tyr qe ce a6crpaxupaMe or cJroxnocrra n uxoroo6pa3nero Ha Bb3MoxH[Te
nsauuogeficrBns, Ha 3apeAeHETe qacrnryr c noBrpxHocrra rra AtrereKTprrHls or-
paxaren rr BpeMeHHo rrle [pr{eMeM, rre yAapHoro BgatrMoAeficrnne Mex,qy sapeAe-
Hrrre rracrr.rqtr E rroBbpxHocrra HMa xapaxTep Ha enacrtrrrHo u 4utlysno orpaxeHue
(pascefinane) n nrocxocrra Ha naAarre.

Torana rpaexTop[cra Ha rroJroxnTeJrHo sapeAeEara qacrtrrla or Qur. 1, ro.nro
ce ABrrxu B rrJrocKocrra Ha qeprexa c HanpeqHa cxopocr y' rrle 6r4e gpyra E Tfl e
noKa3aHa rIaK TaM c rryHr(TtrpHa Jfirnrs. B roslr ctryuafr rpaexropnara Jrnnns ce cbc-
Tor{ or rrocneAoBareJrrr[ tr EefrbJrHr{, crc cnyvafina roJreMEHa (2a),4rrn or oKpbx-
Hocrrr c rocro-sHeH JrapMopoB paAtryc r. Cpeguara cKopocr Ha EacorreHo ABrrxe-
Hrre no ocra Ox,3a BpeMero MexAy Bcerr{ ABe rrocneAoBareJrHrr orpaxeHrrfl, T. e.

ApefiQonara cKopocr B orAenHa crbrrKa, ce o[pe.qeJrs orEoBo rrpe3 gaBEcnMocrra
or panencrno (3).

2. TeopeutreH MoAeJr Ha ronJrlrHeH ABllrareJr

flpuero e, qe Bc.sKo ycrpoficrno, Koero upeo6paryna rorr-
JrllHHa eHeprr,rt B MexaHl{rlrrapa6ora, Moxe Aa ce Hapeqe ,,TofIJrrrHeE 4nzraren" [3].

I,IscaeAsaHero Ha ABara rrpeHocHrr npoqeca (or r. l) qe r{3BbpruuM B Teoper}r-
rren MoAeJr Ha rorrJrrrnen ABlrraren (Tr{), roiro e noKa3aH na $nr.2.

Pa6ornusr qnnlrHAbp na T.{ e 3arBopeH E Kyx. Tofi e HarrpaBen or HeMarHr{-
TeH Mareptral, xofiro e r{ HAeareH H3onarop (sarona R Teoper[qen uo4err). B qu-
n[HApnrrnara KyxrrHa e garBopeH eAHopoAerr ra3 or fionn c orHoctrTeJrHo HtrcKa
KoHrlerrrparlra.s. fa3onure fionu ca cno6oAnl{ r,r eAEaKBo fionuoupann MoJIeKyJTE c
noJroxnTeJreH eneKTpuqecKfi 3apflA q.
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Berroprr Ha MarHlrrHa EHAyKrIu.f,B ua npuloxeHoro (naup. qpes AeficrBxero
Ha rrocrorHen varuur) flocro.flHHo r{ xoMoreHHo MarHr{THO noJre e yc[opeAeH Ha
porarltroHHara oc Ha pa6orHHc qr,ur,rHAbp. IIpu roBa aKo MaKporeMneparypara
Ha cucreMara e T, To HeKa HHAyKrIr.r.sra B Aa nMia raKaBa crofinocr, qe ra3oBETe
fionLI Aa ocbrllecrB.f,Bar B rlJrocxocrra Ha MaTHHTHo B3auMoAeficrnr,re (IB) n:rprene crc
cpeAeH napMopoB pa4ryc re, xofiro e MHoro [o-MarrbK or rcoHcrpyKTuBHr.r-s pa4uyc,R".

Ouenn4no e, qe BbrperlHara oKoJrHa rroBbpxHocr na pa6ornur qulun4rp u
npunoxeHoro MarHr{THo none o6pasynar eAHa rlr.rJrr,rHAprrrrHa M.{-crpyxrypa.

Karo orqr,rraMe rIpI,IHqI{[ure Ha eneKTpocrarr{Kara, MarHerrr3Ma I,I Kr{Herr,IqHa-
Ta reopus Ha ra3oBere [4], naoxev Aa ce y6eAnM, qe B ueHTpaJrHoro HanpeqHo ce-
rreHr.re na pa6ornur qunr{HAbp rrle ce ycraHoBr.r B}TperII]Ho ereKTptrqecKo rrone c
rocrosHuo paAr.ranHo Mar(popaslpeAeneHue or BuAa Ha KpuBara E (R) ua Qur. 3.

3a npocrora ryK rrle rrpneMeM, ue o6pa:ynareJrHara / na pa6ornur qr,rJrr.rHAbp
e MHoro no-roJqMa or HeroBr{r paAuyc R" (r!ur. 2).

Torana MaKpopa3npeAeJleHlrero Ira nirpeurnoro eneKTpnqecKo rroJre rqe 6rAe
paAr4anHo rrpaKTr,rqecKH BbB BC.SKO HarrpeqHo CeqeHtre Ha rlr,rJrnHAbpa.

B clegnarrlu s amarrug ule u3cneABaMe rorrJrtrHHoro lIBHxeHr{e Ha fionu ga vo-
AeJIIl, B KOI{TO MaKpopa3npeAeJreHr,reTo Ha eJreKTpr{qecKo'fo none IIIe cboTBeTcTBa
upu6mazreJrHo Ha pa3npeAenenue.E (R).

Karo ltpno upn6rnxenue na Aeitc'tBr{TeJrHara xpmta E (R) woxe Aa ce }r3rroJr-
3Ba eAHa paAvanna 0y"*tlus cbc crbrraJrno pa3rrpeAeneune. fpaQr.rrraralrra.3aMecr-
Barrlo eneKTpr.rqecxo noJre cbc crlrraJrHo pa3[peAenenr{e e noKa3ana Ha rpur. 3 c
nyHKTr,rpHa rl,Hvrc.

CleA xaro rro3HaBaMe Berre KoHcrpyKrluqra na Tr{ E pa3npeAelrenvrflTa Ha
eneKTpuqecKoro r{ MarHrrrHoro none (Qnr. 3) rpa6ornrzs,r\vrrnr4\p, To Mox(eM Aa
TBbpAHM CneAHOTO:

<Dur. 3
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- fasonure fionu rpn cBoero rorrJrr,rHHo 4nuxeirue ca AHHaMITqHo cB6p3ann c
oKoJrHara (orpaxarernara) nonrpxHocr Ira qunrlHAbpa - Te H-sMar ycrofiuuno
cbcro.sHue BbB Bbrperxnocrra Ha ra3oBus o6erra;

- flpu cBoero rorrJrr,rHHo ABr.rxeHfle ftonure H3JrbqBar eJIeI(TpoMarHHTrra
eHepr[r,3arrloro re ce ycKopsr,ar r]p]t sganNroAeftcrBrre c ABere noJlera rI flpu
yAapEo nean\,roAeficrBue KaKTo c ra3oBHTe qacrlIIIE, TaKa II c A[eneKTpnqHara rro-
BbpxHocr Ha Koprryca.

3. Anarug Ha rroBbpxHocrHl4t ApefiO
Ha fioHH B pa6orHufl IIrrJIr,IHAbp ua Tr{

CreAnarqu.sr aHaJIu3 e HarrpaBeH Ha ocHoBara Ha ABe B3art-

MOCBbp3aHn npe.qnoroxeH[s:

- Cucreuara ua Tr{ e B ycraHoBeHo cbcroeHue - H.sMa npexoAHr'I MaKpolpo-
rlecr4 r{ cJreAoBareJrHo MaKporeMneparypllTe na fionnns ra3 r,I qnJrIrH4bpa ca npn6-
JII,I3IITENHO EAHAKBIT;

- Tpuenero na fionnu.s ra:t B creHI{Te, rrprl ycraHoBeHa ctrereMa, e ,,HeAncuna-
TuBeH" lpoqec, 3arrloro cpeAHoro KoJru recrBo pa6ora, Koero ce H3BbprnBa or cn-
Jrn're Ha TprreHe 3a ycKop.flBalte Ha rII{JIrIHAbpa, KJIOHI,I KbM HyJIa.

Vl ryx ycJroBnoro orrpeAeneHne ,,IIeAI{cIr[artrBeH" e ynotpe6euo c rouHocr Ao
KoJllrqecrBoro rra eHeprerplrlHrlTe zary6u or eneKTpoMarHnrHo Ir3JIbrIBaHe, Koero
fi our,rre o cr;ulecrBfl Bar npI,I MexaHtrrlHo rplreHe.

3a ofilerqaBaHe Ha cneABarrlur aHaJrrr3 rrpeABaplrreJlrlo qe [prIeMeM HtKorl
olpocrqBaIIlII AonycKaHl4s.

3. l. Onpocmnsau4u d onycrcauua

3.1.1. KonqeHTpaqlrrra na iionr,rre n pa6ornur o6ev e orHoc[TeJIHo HRcKa,

TaKa qe rexecrra Ha yAapHOTo E eneKTptrrlecKoro nsanvloAeficrBtre Mex-
Ay orAelriure fiosu e upeue6pexr{Mo MaJrKa B EgcJIeABaH}ITe rrpoqecu.

3.1.2. KonuqecrBoro na fionure, Korrro ocbrrlecrBtBat,,cno6ogno" TonrRHHo

ABI,IxeHI{e B ycnoBns na M.{-crpyKTypa e nocrosHlta BeJII{rItrHa.
Tyr npe4loJraraMe, are eJleKTplrqecKara rrpoBoAllMocr Ha Kopnycanv.a HyneBa

crofi nocr (ngearreu r,Isonarop).
3.1.3. Bcerv trHAr{BtrAyaJreH aKT rra orpaxenue na fion or AIreJIeKTpuqHaTa rlo-

BbpxHlIHa e MexaHHqHo B3alrMoAeficrnrne c xapaKTepncrl'IKa na guQysno
pa:cefinane cJreA enacrr,rqeH yAap. flocoxnre Ha orpaxeHue ca cttyuairtau
tr paBIIoMepHo pasnpeAeneHlr B npocrpancrBeH brbJl ot 2n creppa-
nnaHa.

CrarraCruqeCKOTO II3cJIeABaHe Ha ABI,IySHI{STO Ha fiOnure n T,{, rOerO ule Han-
paBtrM rrpu IOpHOTO AoIIyCKaHe, HsMa AA 6r4e nofpeIIIHO, BbnpeKH rle oTAeJIHI{flT

aK'r Ha orpaxeHtre e Aopr{ lo-qecro aKT Ha HeeJracrtrqHo yAaplro ngalvo.qeficrsue.
PeSynrarnre Ha CTaTIICTHq9CKOTO I{3CneABaHe Iqe 6lAar BepHI{, SaIIIOTo cpeAHOC-

Ta'r[cTuqecru (rarro IIO BpeMe, TaKa [I no MHoxeCTno) upoqeclT Ha OrpaxeHl{e Ha

fionnre B eKBrrTeMIIepaTypHaTa cI,IcTeMa ,,ra3-ArreJIeKTpHK" e o6exrnnno npoqec
Ha eJracrtrrrHo yaapno sgauvoaeficrnue (crarucrrlqecK[,,HeAL{c[IIaruBeH" upouec).

3.1.4. EnerrpuqecKoro nganvroAeficrBr{e MexAy fionure rue orqrrraMe B rlbpBo
npu6ruxenl{e caMo .rpes,qefi cru{ero Ha cyMapnoro enerTpl'IqecKo MaK-
ponoJre, Koero ce cb3AaBa or BcI{qKu fionu s pa6ornut' o6eu'
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3.1'5. I4screABaHero IrIe I{3BbplrrtrM 3a eKBnlorenquarel r{ e6BgcKopocrer{
MOAen Ha B3atrMoAefiCrsue MexAy ra3oBHTe fiOlgu u ABere noJrera.

3a qenra qe.rrpneMeM, rre:

- Cpegnara ToIIJIxHHa cxopocr Ra fionnre Aocrrrra Bbpxy rroB:bpxrrocrra Ha
AneneKTpr.rqHHc orpaxarel (neuocpeAcrBeHo npeArr r{ cJreA yAap) rvraxcylMaJrilara
cn croftuocr [4]

(4) v:v =max

KO.STO e paBHa na cpeAHara ronJrEHHa cKopocr Ha r&toBa qacrtrrla c Maca m npll
TeMrrepaTypaT uxrgero k e xoncrarTaHa Bonqrraan;

- EQexrunHara Hanpe.rna (IB) KoMrroHeHTa Ha ronJrtrHHara cKopocr na fio-
Hnre gclcrura Bbpxy noBbpxHocrra Ha orpaxareJr.tr cBorrra MaKctrMaJrHa crofinocr

ft/
/2

- 2 l" 2vv:v, =-ll'cosi tde--s r6ax Ine^ n
l,

(5)

KGAero t e rIJIocaK brlJl cbc cnyuafiua roJIeMnHa, Korro onpeAenr brJroBoTo orK-
JIoHeHrIe Ha rlocoKara rla orpaxeHl{e Ha orAeJreH fios or rrJrocKocrra Ha MarHr{THo

sgauvoAeficrBr{e B Ar,rana3oH l-: :l
3'1.6. fronuTe He u3JI6q"* 

"rr"*tpoMarHETHa 
eHepf trs (nperraeuno gonycxaue).

3:2. IlscnedeaHe noltpxHocmHun dpefifi
ua sapedeuu qacmuqu I ycJtolu.n
Ha nnocKa Mfl-cmpyrcmypa

Or our.rcanRero Ha TA (r. 2.) snaervr, qe KoHcrpyKTEBHnrr
pa4nyc na pa6ornus qunr,rHAbpR" e lruoro no-foJrflM or cpeAHr.rfl napMopoB paAE-
yc r".-Karo 

nbpBo reoMerpurrHo npn6lnxeHne Ha qunnnApuqnara Mr(-crpyKTypa
ule rpneMeM eAHa rrnocra u 6esxpafino ror.sMa Mr{-crpyxrypa.

Karo eAno rpy6o npu6r[xenue Ha pa3rrpeAeneHnero Ha BbrperxHoro eJreKT-
PHIIECKO IIOJIE B qI,INEHAbPA IqE IPIIEMEM TOBA HA EAHO TIOCTO'EHO N XOMOTEEHO
eleKTpr.IqecKo rroJre, Koero e HopMaJIHo HaCOqeHO KbM OTpaXareJIHara rloBbpx-
Itocr.

3.2.l.vscrcABage rroBbpxHocrnnr ApefiQ Ea 3apeAeHr qacrtrqu n unocra M.I[-
crpyKTypa uo4 Aeficrnl{e Ea HanpeqEo rlocrosrrHo r{ xoMoreHHo eJreKT-
pErrecKo IIoJIe

Ha Qur. 4 e rorasano ycnoBHoro raso6paxeHtre Ha rrJrocKa M,{-crpyrrypa,c
HalpeqHo rrocToqHHo E xoMoreHHo elexTptrqecKo rroJre.

Berroprr Ea eJrer(r?rrqecKoro nole.E e HopMaJreE Karfro Ha BeKTopa Ha Mar-
HITTHA IIHA)MIIH' B,'TAXA II HA OTPAXATENEATA IIJIOCKOCT, KO.STO E NPEACTABEHA B
paBHHHara Ha treprexa or ocra Ox.

Begnara MoxeM aa ce y6eauM, rre ycJroBneraB MoAeJra or Sur. 4 ocrryprnar
4eficrruero fin;aABara,,IreAEcErrar[BH[" rrpeEocltz upoqeca, rouro 6n.aon:acap1n
s r. l. flocoKtrTe Ha ABara rIpeHocHII lpoqeca ca lporuBorroJroxHu, 3arrloro BeKTo-
pbr Ha Marrrr{THo-MexaEEqldufl, aHaJror Ea BeJruqtrHara gradB or (1) e yctrope.4eH Ea
Ber(Top E or (2) n cneAoBarerrno nt:-n2,

156

8kr

fim



@ur.4

IIIe qprrnoMHr.rM, qe [pl,t ycnoBrrara [oAMsHa Ha rpaHnrrntrc MarHureH npexoA
(r. 1.) c r. Hap. M.{-crpyrr)pa e 3ana3eH r{ ,,rreAr.rcnrrartrBHr{sr" xapaxrep Ha orpa-
xarerHr{.fl npouec (r. 3.1.3.).

Hera 4a cr{ [peAcraprrM, rre or t. O Ha ocra Ox (Qur. 4) craprr,rpar rrocJreAoBa-
TeJTHO BlbB BpeMero 3apeAeHr{ qacrtrrlu c eAHaKBa cKopocr v., Ho c pa3nwtlJu crap-
TOBH brJrrr tp. brrltr g e paBeH rra rrJrocKtr.fl rrul, rofiro nexroptr Ha cKopocrra yc

cKJrroqBa c ocra ox rtpn crapr. cne4 crapr s r. o qacrnuara ce ABr,rxu rro rpaxo[-
AaJl,Ha rpaerffopur, AoKaro Aocrr{rHe ornoBo orpaxarenHara oc. CneA scqxo or-
paxeHne 3apeAeHara cacrvt\a craprr{pa orHoBo or ocra Ox,yo noA brbJr <p, roftro
uua cnyvafina crofisocr n nnrepral [0, n].

B paMrtrare na MoAeJra Bc-sxa xopE3oHTaJrHa lrunns. (pannnta) y=!,naa ocra Ox
e eAHa eKBHrroTeHqvaJrH.a LI eKBr.rcKopocTHa JruHnfl.

CreA naqaneH crapr, Bc.sKa qacrnrla rqe ocbrrlecrBrBa cranKoBo npeMecrBaHe
no SerpafiHara oc Ox n ro 6esrpaftno Abnro BpeMe (nx. r. 3.1.2,3.1.3 n 3.1.6).
Cre4orarerHo B rrJrocKara u 6esxpafina M.{-crpyKrypa cpeAHara cKopocr Ha Ha-
coqeHo ABrrxeHr,re [o ocra Ox t4e KJroHr{ KaM orrpeAenena crofinocr, rrurro ro-
JIeMI{Ha orrle He 3HaeM, Ho 3HaeM, qe rq [Ie 6rAe eAnarBa 3a BctrqKr{ 3apeAeHx rra-
CTIIIIU.

3a Aa onpeAeJruM cpeAHara cxopocr Ha HacorreHo ABr{xeHHe, e neo6xoAnMo Aa
orlpeAenHM rlbpBo cpeAHaTa cKopocT Ha xopH3orrTaJrHo ABtrxeHr{e B rpaHnqr{Te Ha'
orAeJrHa crtnKa rl 3a Bc.sxa Bb3MoxEa crofiHocr Ha craproBrrr brbJr q.

.{nr,rxenuero Ha eJleKTptrqecKrl 3apeAeHr{ qacrurlrl BbB B3arrMrro nepneuArrKy-
nflpntr erexTpuqecKo r( MarHr,rrxo rrgne e ao6pe r,rscnegnano [5].

Bsauuo4eficrBr{ero na fionure c ABere rroJrera B MoAeJra or Sur. 4 uoxe Aa ce
onurrre caMo B nJrocKocrra Ha Marrrr{Tno B3anMoAeircrsne. Asnxenrero rlle ce ocb-
ulecrB.sBa rro orp.sgbrlr{ or rpaxotrAaJrHu KprrBrr, rrtrHTo rrapaMerptr ca OyHKquc Ha
craproBus brrn q. Mexanngurr Ha rpaxonAanHo ABExeHrre c orpaxeHxe e [occ-
HeH Ha Qur. 5, KlAero ca r'r3rron3BaHu cJreAHrrre o3HarreHu.s:

mv"

"qB
F

- & : !- e paauyc Ha qEXnotrAaJIHa oxprxnocr [5];' loB

- p e MoAynHapLAnyc-BeKTop; rofiro cBbpsBa qacrlrlara c qeHTLpa Ha qEK-
Jror.rAaJrHara orpbxHocr, Korro ce rbpKars no flpaBa Jrr.trne PP', yclopeAna Ha ocra
Ox u oraaleqeHa or rrer Ha pa3crosHr.re r- cos q.

Cucrervrara or guSepeHrlrrarrntr ypanienux, c KoflTo ce onxcBa ABExeEEero Ha
fionure HaA orpaxareJrHara oc Ox 3a ycroBu.sra B MoAeJra or Qur. 4,*tlaa cJreAErrfl
nus [6]:

157



f.

\t.\\\\

,t

1l
\-
I

@ur. 5

(6)

x : p[sin(cor - ")+ 
sincr]- 4r,ra / : o[css(orr- ")- oorcr].

9pes cy6crtrTyquu, nocoqentr n [5], u npeo6pasynane peureHnrra Ea ropHara
cncreMa, Kouro ce oruac.sr 3a ubpBara crlnra cJreA crapr sr. O (Qnr. 4), Morar
Aa ce [pnBeAaT Ao cneAHI{s KaEoHEqeH BEA]

(7)

Or.reprexa na Qnr. 5 uoxe Aa ce flpoqeHrrr'qe or MoMeHTa, r rofiro qacr[rla-
Ta craprrrpa, Ao MgMeura, n xofiro ifs'orHoBo AocrEra orpaxarenEara oc, ,,oKpbx-
Eocrra", Ko-sro ce rrpxall.f,, Rgrvrnnana Qason nsr,2u".

Benu.ruHara Ha brbJl d, Moxe Aa ce olpeAeJrrr or rleprexa ua fiur. 5 no cne4-
!
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(8)

(e)

Cf,=

Or crulxr rreprex rqe onpeAenuM r{ pzrcro.snraero MexAy qacrv\ara r{ uenTb-
pa Ha rlur(Jror{AaJrHaTa oKpbxHocT

Cera axo perAenrrM xoptr3oHTanntrq r.br, rofiro e tr3MlrHar or qacrurlara B rpa-
HUqIITe Ha nbpBaTa cTafIKa, Ha BpeMeTo ata x3MrrrraBaHe Ha cbulu.s rrbT, To rIIe IIo-
ryqnM roJreMtrHara {a gpefiOonara cxopc)cr B orAeJrna crbrrKa, T.e. cpeArrara cKo-
pocr Ha xoprr3oHTaJrHo ABuxeHrre B oTAeJrHa cTbrrKa

(10) u) (o) = 
2p sin o' - 2ol?o 

= op 'i' o 
- oRo.-\ / 2a c[

(l)

Axo n (10) sarvrecrtrM BeJrurrtrHnre (r x p c rexHr{re Qyurquu or (8) u (9), ro
cne4 npeo6pa3yBaHe rrle nonyqtrM

*" 
[?.oo,*J=o

*" [?.".,,r).0

(n )

[;. cos eJ > 0'

(^" )
"0" [; 

+ cos <oJ < 0.

sln q
sln a.rcts 

-

-Rn
j+cose
r

v
R

Û-7
(1 1)

u', (q) =

stn g
{nrctg 

-

v
R.

+ 2icos tp
r

&
-+cos 

tP

r
e

/ \ sin<P
| - I lsin arcts 

-

\ ./ -Rn

-+ 
oos I

r

sin q
n * arctq 

-

-D,.^

-+cos Q
r

R:
U

;

: u', (<P)"-,q'
-fe

,{pefir}onara cKopocr vi(O) e rroxanaHa n (11) r Karo He.sBHa Qynxqur Ha apry-
MeHTa q rrpE napaMerpl{: e(peKTRBEara HanperlEa cKopocr vc tr orEorueHEero Ea
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@nr, 6

R^
ABara"paAlayca a . AKo n (11) oauecrrrM BeJrrrqnHvre ra,Ro u crt c rexrrure Qynrqnn

f.

/\
[,*. E uqBl,
I ,, '; ^; I 1e uI9 nonyqtrM Hafi-o6iqtrs BI{A Ea Qynrqnrra Ha cpeAHara cl(o-

pocT Ha EacoqeHo ABRxeHne npu apTyMe,HT (p u [apaMeTpE v", B n E
(12) v'o [9) = u'u (q)"" g = ,'o (q),",r,u.

'e

Aro r'rscreAnalvre (l l) sa gnere rpaHu qnu crofinocrrr Ha eJrexTptrrrecKoro noJre
p_-R^

(0 n m), T.e. 3a ja-+0 E 3-+-, To rrle rtcrryrrtrM

sin g 6s121s,8-+ (1, T. e. Koraro 5 -+ 0,'r
9e

cos g;oraro lt -+ oo, T. e. Koraro 5 * *.
r

Ha Qur. 6 ca noxaganu rpaQr,rrure Ha ro prltr{Te ABe rpaHr.rrrHn Synrqnu, KaKTo r.r

resn Ea Sylrrcquxra ,'o (q)".,& 3a ABe MexAtr Hsirr crofiHo crr, HarrapaMerbp4 &, g
.-rere

Rn&
trMeHHo-'o:l u a<1.

rree

Axo cpannnv tfynrquara oi (3) c rlynxr g.rra crr (13) 3a cryqas, roraro.E -) 0,
To IrIe ce y6e4ruvr, rle re gbBrraAar.

Karo or.rurave 4ur[younfl,vr,,lae4urcuna trtrBen" xapaKTep Ha orpaxeguero (nx.
r. 3.1.3 u 3.1.6) BeAHara MoxeM Aa orrpeAenrrM roJreMr{rrara Ha cpeAnara cKopocr,
c Ko.sro BceKI{ fton qe ce ABtrxr{ uo 6esrpafi Hara orpaxareJrHa oc Ox

, -;-- Ifv'": l'o [q):: I n'ut.g),_., 
o 
dqr 0.

. 1r; " E<t

(13)

(14)
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Cropocrra v'M e paBHa rra ocpeAueHara no Bcrrqxrr crofinocru na q 4pefir[ona

cKopocr B orAenHa crbrlKa v'o (<p)r r.s ce orHacr Ao BceKr,r fioH or'uHoxecrBoro Ha

ftoRute, KoETo ca cBpb3aHE rlptr cBoero ronJrrrHHo ABr.rxeHlre c uocxara M,I[-
crpyrTypa Ha MoAeJIa or Qnr. 4. C rosa ocHoBaHlre cbrrlara cKopocr cMe o3HaqrrJru

c v' u n tlle c HapeqeM MaxpocKorrnrrHa cKopocr Ha ABuxenrre, folevnn ata Hav' * e

npaBorrponopqnoHanHa Ha pa3nr.rKara B rrJrorqrrre; Kolrro KprrBara v'o (<p)"-.q

3arpaxAa or ABere crpaHr,r Ha ocra O<p (Qur. 6). 
' 

"
Or Qnr.6 ce nNxga, ve crofinocrraHa r{Hrerpalra (14), r. e. roreMnHara Ha

Ma{pocKon[rlHara cKopocr, vf",e BEHartr lo-roJltMa or HyJIa, Koraro eneKTprlec-
Koro noJre e [o-MaJrKo or 6esxpafinocr. Ho KaKro Eerre 3HaeM (t. l), cpe4noro rro
BpBMe {oruqecrBo pa6ora, Koero ce rtBbprrrBa 3a rroAAbpxaHe Ha p$ynranTHr{t
IIpeHoceH rrpoqec, KJroHr{ r(bM HyJra.

Torana nocreAHusr pe3yJrrar AoKasBa (npu nanpaBer{r.rre o[pocreBarrlr{ Ao-
nycKaHus or r. 3.1.1, 3.1.3 u 3.1.6) crqecrByBanero rra ,,HeAucElarHBeH" pe3ynrar{-
TeH eAHonocoqeH rrpeHoc Ha BerrlecrBo B ycnoBurra Ha MoAeJra or Snr. 4, npaxru-
qecKlir 3a Bcr{trKrr crofiRocrn Ea erexTp[qecroro rroJre.

Ouenugno e, qe cpeAHI{Te cKopocru Ha HacoqeHo ABrrxeHr.re qe Kron.sr (bM
HyJIa B 6r[socr Ao rpaHurrHure crofisocrrraarbn q (0 n n), [opaAn Tpnerre rrpu
rIJIb3raHe. Axo anan[supaMe rpaQnrure na Qur. 6, ro uqe ce y6e4r.rv, qe rtoBtpx-
HOCTHOTO TpEerre CaMO rrle naMalrl{ pe3ynTaHTHES trpeHOCeH npoqec, HO HSMa Aa rO
yHrrrqoxu, 3a upocrora rqe npoAbnxuM a3cneABanero Karo orHoBo HsMa Aa orrru-
TaMe qacrnqHoro 3arrlxBaHe Ha rrpeHocHnr npouec 3a craproBn rrrr.r orono 0 n n
paAualra.

3.2.2 VlscreABarre rroBbpxnocrllur 4pefiQ Ha 3apeAeHn qacrnrryr B rrJrocKa
M.{-crpyrrypa rroA Aeficrnne Ha HaupeqHo eJreKTptrqecKo rroJre cbc
cTL[aJrHO pa3npeAenEne

O.renuguo e, qe aro HanpeqHoro eJreKTptrqecKo rtoJre, Koero r{3rroJr3BaxMe B

AocerarrrHur MoAeJr (r[nr. 4), e cbc crbrraJrno pa3rrpeAeJreHue, To rreroBoro Aeficr-
BHe rrle orroBapr [o-Toquo Ha BGTperrrnoro eJreKTpuqecKo [ore n pa6ornr.rr quJrnrr.

.qrp (nx. Qur.3).

(Dur,7
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Ha rfnr. 7 e noxagano ycJroBHo uoo6paxenue Ha rJIocKa M,{-crpyxrypa c rpr-
JroxeHo HanpeqHo eneKTpuqecKo rroJre cGc cTbrraJrHo pa3npeAeneHl{e IIo BepTI'IKaJI-
r{ara oc Ha rreprexa.

Mo,qelrr or t[ur. 7 ce orrucaBa or ro3u ua Qur. 4 eA[ncrseno rlo roBa, rle
eneKTpuqecKoro [oJre He e xoMoreHHo B rlsrara ropHa rroJrypaBHHIIa, a caMo B Te-
een clofi rraA ocra Ox,r. e. ro Aeficrsa caMo B r{HrepBalla ory:0 Ao!:!r Ha Beprrl-
riaJrrruTe Ko opArrrraTr.r.

Axo orHoso cH rrpeAcraBuM, rre fionure craprrrpar or r. O na 4NQy:no orpa-
)ffareJrHara ac Ox c eAHaKBa cKopocr ve Ir pa3JIlIrIHr{ craproBn bIrJIIr g, To orleBrtAHo

e, qe rpaexTopHr,rre IruIHvn4, KoHTo He HaABlIIlaBar [IpaBara y:yprrle 6raar uAeH-
Tx4rrHu c rpaeKTopHvre Jrvtntrtr or Qur. 4, rouro cbrrlo Ee HaABlIIrraBar roBa HI{Bo.
Ocranalure rpaeKTopHrr ITHHHIa, KoI4To cborBercrBar Ha craproBu brJIH or
q' Ao q" (Qur. 7) rqe 6rAar pa:tnErIHLI ro r$oprvra caMo 3a yrlacrallnre, Koltro capa3-
rroJroxeHn HaA rrpaBara Jnffivs,y:y,, finuxeuuero Ha rIacrI,IIIETe B ropH]ITe yqacrb-
qH ule ce r{3BaprrrBa c nocrosHna (bpegHa) HanperlHa cxopocr [6]

(1 s)

I{ rr0 Abrrl oT oKpbxHocT c

(1 6)

rrocrorHeH (cpeAen) napMopoB paAEyc

,, /,, \/ \ '^tr1 tr"l!, ) = j-r--j-''

'"(Y,) 
=

xlHqra v,l9l. q_,

. .{pefiQoBara cKopocr vi(o), 3a orAeJIHa crbrlKa B ycnoBusra rra MoAeJIa or

@nr. 7, Moxe Aa ce onulrre aHaJIlrr[rIHo xaro Qynrqv,fllaa craproBr'Is brbJl, Ho roBa
He e rranpaBeHo ryK.

Ha r[ur, 8 e uorasano npnSnusureJrHoro pa3rrpeAenenl,Ie Ha cpeAlrara cKopocr

Ha rracoqeHo ABllxeHlre B orAeJIHa crrnra v"u (q,),",lo=, lo crofinocrl'ITe Ha apryMeE-

'ra e A 3a roJreMr{Halaa crr,traJrHu.s lapaMerrp E, KoflTo cborBercrBa Ha ornorrre-

r", & = 1. Ha ccqara $nrypa, Ho c nyHKrupla lrnlns,,orHoBo e noKa3aHa Oysx-

or $ur. 6, xo.aro e BaITI,IAHa lpn geicrntre Ha xoMorenno ereKT-

<Dlrr. 8
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pnrlecKo rIoJIe E. IIan na cbrrlara Qurypa c [peK]cBaHa rrrrnyrs. ca rroKaitaHr{ rr cbB-

flaAarrlr{Te rpaHr.rrrH}r Qynxqr,ru v"u (g)"-.^o-_ + v'o [q')"-.^o+-, KoETo ce ornacflT 3a
te-le

6esxpafino ror.sMo ereKrpuqecKo noJre (E-+co).
fhoulra ua Qnrypara or rreprexa, Kortb e eAuHtrrrHo rqp[xoBana, e [paBo-

npo[opqrloHaJlHa Ha MaKpocKorrnqnura cxopocr yM 3a ycJroBr{flTa B MoAeJra or Qur. 4.

Cyvara or nJrorrlure Ha eAHHr.rr{Ho n gnofino qpuxoBanr.rre Qurypu e rrpaBorrpoflop-
IILIoHzuIHa Ha MarpocKolrr{qHara cKopocr v, na fionr.rre B ycroBusra Ha rrocneAHut
MoAen (Qur. 7). \

flpeuvyuecrBara Ha rtocreAHu.fl MoAeJr 3a cb3AaBaHe H noAAbpxaHe Ha ,,He-
Ar.rcr{[arr{Ben" rlpeHoceH npoqec ca OescnopHu cnpsMo MoAeJra or $nr. 4.

4. ,{eficrwre Ha rorrJrr{HHr{s ABuFaT'eJr

flory.renure Aocera pesyJrraru ca npunoxnMrn 3a npn6au-
3I4TeJrHa KaqecrBeHa oqeHKa rra npeHocHns npoqec n pa6oruna qunnHAbp na T,{,
3arrloro:

- B nrpno lpu6rnxenrie rlrrJrr.rHApr.rrrnara gn$yeno-orpaxareJrHa uoBbpxHocr
Ha Kopryca ce alpoxcr.rMlrpa c 6esrpafina nJrocxa guQysno-orpaxareJrna noBapx-
nocr (R^>>r );

- Pasnfe4eJreHrrero Ha erexrp[qecKoro H MarHHTHoro rroJre n pa6ornu.r qn-
nrIHAbp (Qur. 3) ce anpoxcr{Mupa crc 3aAoBoJrr{rerna roqHocr qpes pa3npeAene-
HvrflTa rra rroJrerara B MoAeJra or Qur. 7.

CreAonarerHo ,,HeAIiIcI{raruBHI,Igr" rrpeHocen MexaHI,I3GM, KoftTo e BaIIEAeH 3a
pa3rneAanrrre Aocera rrJrocKu MoAentr ule Aeficrna rro aHarrorurreH HaqLIH Bbpxy ra-
3oBlrre fionu s pa6ornu.n rIEJrr,rHAbp.

Hacoqenoro ABlrxeHlie rra ra3oBI,IT'e fionu uqe ce ocblrlecrBsBa oxoro porarlu-
oHHara oc Ha rlr,rJrrrHArpau rle ce 3arBap.s B KpbroB MaKponoror, Kptronoro ABI{-
xeHrre na fionure qe ce orpanr,rqaBa qpe3 cbrrporr.rBJreHuero Ha ra3oBara cpeAa.
Y4apnoro u eneKTpr,rrrecKoro nsar,rvogeficrBr{e MexAy fionnre orpaH[qaBa r-exnrlt
cno6oAen npo6er no nporexeHne Ha rluJunApr,rqHara orpaxareJrHa noBbpxlrocr.
CneAosarerHo roJreMlrHara Ha MaKpocKonnrlnara cropocr v, n pa6ornus o6eM rle
6r4e nunarld rro-MaJrKa or MaKcHMaJIHara cKopocr v"r, Kotro e o[peAeneHa B or-
c'bcrBr.re Ha yAapHo u eneKTpr,rrrecKo BSalrMoAeficrnne MexAy orAelnnre fionn.

Jlornqno e Aa ce orraKBa, rre npeHocHr.rflT rrpoqec rqe 6rAe ga6erexur,I 3a KoH-
rleHTpaquu, nplr Korrro AbJrxrrHara ua cno6o4nur rpo6er e no-ror.sMa or cpeAHI,Is
JrapMopoB paAr,ryc.

Axo ragonure fioHu octrrlecrBflBar B rrJrocKocrra Ira MarHlITIro nganvoAeftcr-
Br{e MaKpocKorrr{qHo ABr.rxeHrre no rroBbpxHocTTa cbc cpeAIIa cKopocT vM, To Te IrIe
ocbllecTBsBar r.r KpbIoBo ABIrxeHue oKoJIo poTaqlroHHaTa oc Ha rIlInHHAbpa c MaK-
pocKonuqHa buroBa cKopocr

(x 7)

Tyr cauo rle BMerrIeM, qe aKo B ra3oBu.s o6eu, rofiro e ueo6xoAraMo c ltucKa
KoHrlenTpaqur (nucor Ao cpeAerr naxyyrnr), rIMa ocBen itonm n HeyrpaJIHr,I MoJIeKy-
JrH, ro HeyrpanHara ra3oBa rbasa qe nr"ra (vpes ynlnvane) cbulo poraqr{oHHa KoM-
rIoHeHTa Ira ABrrxeHr{e coN, Kotro Iue 6bAe rIo-MaJIKa or cDM,

163

vv
o^, =:"'R



Torana aKo ctrcreMara Ha Tr{ e neolupaHa, To B Her rqe ce ycraHoBn paBHoBe-
cen KpbroB rrorox or ra3oBr.r qacrurlu. Tosu uarpolpoqec Ir1e 6bAe paBHoBeceH,
3alrloro 3a rloAAbpxaHero Ha KpbroBlr.s [orox npaxTuqecKtr He ce rrgBbprrrBa pa6o-
Ta oT BbTperrrHlr ctrJrtr, a cpeAHoTo KoJrrIqecTBo xr{HeTHqHa eHeprrlq, KoeTo ce o6-
MeHe MexAy ra3oBara cpeAa n 6loxuparu{r Kopflyc (r[nr. 2), KJroH[r KbM HyJra, Kora-
To MaKporeMneparyprrre Ha cbrrluTe ABe reJra ca npu6nuer{TeJrHo eAHaKBrr.

Ovenu4no e, qe QnyxTyaqr{ure rra xapaxTepr{crnxrrre Ha rorrJruHHo ABnxeHr{e
Ha orAeJIIIEte fionu, KaKTo H Te3u Ha rlenllc aucarvr6u qe 6t4ar 3Haq[TerHE rropa-
AH HHcKara r(oHrleHTpaqus Ha ra3oBara cpeAa. CaeAosarerno u Qlyxryaqurrre Ha
cKopocrur{Te rr eHepreruqHure xaparTepr.rcrnKu Ha KplroBuc noroK rle 6bAar 3Ha-
qtrTeJrHr,I. Brnpexu roBa MarcpocKo[urrHr.r.sr npeHoc Ha qacruqn e paBHoBeceH rrpe-
HOCeH rrpoqec,3arrloTo HeroBHTe flapaMeTptr I,IMaT nocTosHHaId pa3JlurlHa oT Hyna
cpeAHa cbcTaBHa rrpl,I ocpeAHflBaHe 3a roJreMH rrHTepBaJrr{ oT BpeMe.

flpn croero paBHoBecHo poraqr.roHHo BbpreHe rasoBu.sr o6eu ocrulecrB.sBa
Tpr,reHe c Koprryca. Paoylranrnara cilJra rra rpr,reHe cbgAaBa Bbprrrrl MoMeHT, Kofi-
To Moxe Aa pa3Bbprn KoprrycHrrs qunr.rHAbp, aKo rofi ne e 6aorupaH.

,{o rosu MoMeHT E3ucno npene6pernaxMe npoqeca Ha enexTpoMarnr.rrHo r{3-
JIbrIBaHe, Koero ocbrrlecrBrBar 3apeAeHr{Te qacruqrl n Tr{ (r. 3.1.6).

Bcsra H3oJIIrpaHa MaxpocKorr[rrHa crrcreMa Aocrlrra Ao cbcrosHue Ha paBHo-
Bec[e, rrpu I(eero cpeAHtrTe no BpeMe KoJrtrqecrBa rra r{3JrbqBanara H o6paruo npe-
o6pasynanara (n rolrrHHo ABnxeHue) enexrpoMarHrrrHa eHeprn.s ca paBHr,r (upun-
IIErr Ha gerafinnoro paBHoBecue). CaegosareJrno BbB BcsKa r,r3oJupanara ycraHo-
BeHa cEcTeMa eJreKTpoMarHETHoTo H3JrbqBaHe e paBHoBeceH rrpoqec.

ElexrporvrarHr{THoro }r3JrbrrBaHe B crrcreMaranaTlre clnbrcrBarrl r,r Heonpe-
Aerclq [poqec 3a E3cneABaHr,re ryx rrpeHoceH Ma(po[poqec. B nsoanpou&To c]rcr€-
Ma Ea Tr{ 4nara lapaneJrHrr flpoqeca, To3n Ea npeHoc r{ cbrrbrcrBar\nrT ro flpoqec
Ha enel(TpoMarHurHo E3Jr6qBaHe, ca cBGp3aHr,I n o6q npoqec, rofiro e paBHoBeceH.

5. O6o6ueH MoAeJr Ha rorrJrlrHeH ABr{rareJr

B r. I 6.sxa parrpaurrqenu ABa upenocnr{ npoqeca Ha fionu
noA Aeficrstre Ha MaTHETHo noJre. VI atara BEAa flpeHoc, e4nnnsr rro rrocoKa Ha
BeKTop ,,2," (1) r,r BToprrtr rro locoKa Ha BeKTop ,,nr" (2), ca HapeqeHu raM;,HeAI{-
cI,InarEBHR" npeRocnn rrpoqecu.

I4scne4nanurr MoAeJr na T! rvroxe Aa 6rAe pa3BtrT Ao ",o6o6rqes 
MoAeJr na T,{".

O6o6qen MoAeJr Ha TA qe HapetreM Bcrra cr{creMa cbc co6crneso MarHI{THo
rroJre, Koero 4eficrna n o6enaa Ea 3aKpRTa cpeAa c orHocrrreJrHo HrrcKa KorrrleHTpa-
qur (or BHcoK Ao cpeAeH naryyrra) n B Kocro:

- rrMa coo6o4nn rl ereKTputrecKrr gapeAeHu rracr[u[;

- Maxpopa3rrpeAeneurrero Ha qacrrrrlrrre n o6eua Ha cpeAara e orHoclITeJIIro
cTaqHoEapHo;

- 3apeAeHtrTe qacrtrql,I trJII{ rlacr or T-rl( yqacrBar gafi-uarro B eAlrE ,,HeAtrcu-
narEBeH" npenocen npoqeq or BIrAa Ha,,nr" nrw ,,nr",

6. O6crxaaHe Ha roryqeHure pe3yJrrarl{

Pesyrrarnre Ha HatrpaBeHoro nscJIeABaIre Morar Aa 6rAar
o6o6llenn.

Kprronn.ar rroroK or rasoBrr qacrtrqu, rofiro ce ycrarroBrBa B u3ontrpaflara
cucreMa na T,{, e paBHoBecen npenoceH npoqec, 3arrloro:
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- 3a HeroBoTo rroAAbpxaHe He ce rsBbprnBa pa6oTa oT BbTperrrHn cnnn;
- eHeprerl{tlHllgr o6Ivren rIpE MexaHrrlrHo B3atrMo4eficrnne rra MtrKpoqacrErlr{-

Te B eKBtrTeMrrepaTypHaTa cEcTeMa e paBHoBeceH rrpoqec;

- npoqecuTe Ea u3IbrIBaHe rr floDrarrlaEe Ea eJreKTpoMafHrnTHa eHeprtrr B r{3o-
nvp aHaT a crrcTeMa ca B3alMHopaBHoBecHr{ npoqec[,

Cnegonareruo Kp6roBl{.sr loroK or r&toBu rracrnrlr,r e [penoceH npoqec, rofi-
TO Ce xapaKTepu3trpa c ToBa, qe:

- rofi e o6errnnno HeAlrcnnartrBen, T. e. rofi e BerreH, Koraro cr{creMara e u3o-
nlilpaIJa;

- rofi e ,,HeAtrcl{rartrBeH" c roqnocr Ao Kor[qecrBoro eJreKTpoMarHETrra
eHepfE.s, KotTo ce It3JIbrrBa oT eJrer(TpHqecKtr 3apeAeHuTe rracTuqu IIptr TcxHoTo
yqacTl,le B cblrlllt npeHoceH Mar(po[poqec 3a cJryqas, Koraro cr.rcTeMaTa e Hetr3oJrr{-
paHa.

B npe4loxeHl,It reoperr{rreH MoAeJ Aeficrsa raKGB rrpeHocen Mexanr{3bM, qpe3
xofiro equa rlacr or KuHerrrrrHara eHeprus Ha xaorurrHoro rorrJrr{HHo ABtrxeHI{e Ha
BcHtIKu MuKpoqacrEIIE B MaKpocrrcreMara ce rpancQopMupa B KrrnerlrqHa eHgpru.s
I{a HacoqeHo MaKpoABr,rxeHrre.

Koraro pa6ornurr qunlrnAbp Ha MoAeJra uvra cno6oAa Ha ABExeHr{e oKoJro
poraqr,roHrrara cu oc, To roraBa rofi ce panBbpra 4o rpafina BrJroBa cKopocr, rrpe3
noBbpxHocTHo TprreHe c KpbroBr.rs riltoB rroToK.

Pa6orara, ko.sro ce II3BbprxBa 3a pa3B6praHe na quntrHAbpa, e eKBr{BaJrerrrHa
Ha KOTEqeCTBOTO KHHeTnqHa eHeprEs, KoeTo e oTHeTo oT cyMapHaTa erreprE Ha
TOnJTEHHOTO ABrrXeHne Ha BCtrqKr{ MuKporracTr,rrlE B MaKpoc[crrTeMaTa na T,{, r. e,
T-s e eKBr,rBarerrr rra rpancQopwnparroro KoJrr.rqecrBo nbJrna eHepr[r.

Ovenn4na e neo6xo4uMocrra noJr5rreHlrre Aoryx pesynraru Aa 6TAar npoBe-
peHH r{ rrpe3 MeToAr{Te r{ cpeAcTBaTa Ha TepMoAr{HaMHKaTa:

B r. 3.1 6rxa narpaneHr,r ortpocrsBarrln AonycKanytfr, Kor{To He KoMrrpoMerr.rpar
npI,IJIOXeHr{eTO Ha [OnyqeH[Te pe3ynTaTtr KbM pearrHr{ crrcTeMrr, KoraTo Te MoraT
Aa ce cBeAar.qo o6o6qeH MoAeJr na Tr{.

Bcuqxr.r HarrpaBeHu AonycKaHr.r.s ocBen ToBa B r.3.1.2 6sxa xoNrenrr,rpaulr Ao-
TyK B eAHa Irnn Apyra creneH E no orHorrreHr{e Ha r.sxHara cbrrluocr, qeaecro6pas-
HOCT rI rpaHr,rqu Ha u3noJr3BaHe.

B r.3.1.2 e rrpuero, qe KoHrIeHTpa\uflTa Ha ra3oBETe fionn e locrocnHa Beru-
quHa, qpe3 rrpeArronoxeHne ga EAeaJreH ArreneKTpr,rK (usonarop).

flpn usrorsBane Ha peaJreH AneneKTptrK fionure rqe [peAn3BrirKBar fiox-fionna,
fion-enexrpoHna tr fion-arouna eMucn.s or noBbpxuocrra vrru re rrle ce a4cop6u-
par rz,nna6cop6upar.B AueneKrpnra. Torasa lpeuocHr.rffT rrpouec n o6paseq na Tr{
IrIe cbrrlecrByna caMo onpeAenexo BpeMe - AoKaro B ra3oBara cpeAa r,rua cno6oA-
nr.r fionu.

Karrs e cMrrcbJrbr Ha rrur{ paspa6orra, Koraro MoxeM Aa oqaKBaMe, qe eAI{H
peaneH o6paseq na Tr{ ule Aeficrna caMo HrKoJrKo rraca nau Aenonouluq?

9peo reoperrrqHoro u3cneABaue, npene6persafiK[ npo6neuu c ArdereKTptrrl-
HRln MarepuaJr, Hr.e ce y6eguxue, qe cbrrlecrByBa eAHH ,,HeAHcI{rIaruBeH" Mexantr-
3tv, rofillo npeo6pasyna eHeprrrrra Ha xaorr,rqHoro rorrJrtrHHo ABxxenr{e B eHeprrlq
Ha KpbroBo MaKpoABrrxeHrre.

Axo Anec Hr.re He MoxeM Aa cb3AaAeM T,{ c rpafino AeficrBtre, To ecrecrBeHn-
Te KocMtrqecrr,r reJra crc co6crneHo MarHtrTHo rroJre Morar Aa ce cBeAar-lo o6o6-
rIIeH MoAex na.T.{ c npaKTtrqecrtr Beqno AeficrnRe,3arrloro:

- Marpopa3npeAeneHr{ero Ha cno6oAnu eJreKrpr,rqecKr.r 3apeAentr qacrnqtr B
paArrarltroHEETe rroscn B,e, Te3tr TeJra e oTrroclrTeJrHo [ocTo.sHHo qpe3 rrelpeK]cHaT
npEToK Ha 3apeAeHr,r qacTEqE oT KocMrrqecKa paAna\I,fl;
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- KOHqeHTpArryrsTA Ha qacTtrqE B paAEarluoHHure flocctr e oTHocI{TeJIHo
HUCKA;

- eneKTpr{qecKH 3apeAeHHTe qacrr.rqtr B paArraq[oHHHTe rro.f,cn ca rroA Aeficr-
Br{e Ha Marutrrno (8, grad B) u enerrprrecKo (E, grad -E) nole.

ZgseclHo e, rle B rraarnnroct[epuTe Ha ecrecrBeHrrre KocMtrrIecKR Tena lportr-
qar n ABara npeHocHtr rrpoueca, Kor{To HapeKoxMe ,,HeArrctrrrarutBHr". Or .qpyra
cTpaHa, KocMuqecKnTe TeJra r,r TexrrtrTe paAlraqrroEHn rrogcn ca cBbp3arru IIoMexAy
cH rpaBlrrarlr{oHHo, a B MHoro or crytra[Te u qpes parpeAeHa arrvrocSepa.

Torana Moxe Aa ce [peArroJroxu, Ere oceBoro BbpreHe Ha ecrecrBeHl{Te Koc-
Mnqecxu reJra tr o6pasynaxzt (ntaneru,3Be3Ax, raJraxrtrKrr u r. u.) ce nopax,qa tr
rroAAbpxa oT KpbroBtr rrpeHocHtr npoqecIl Ha eneKTpurlecKE 3apeAelru qacTllqu,
IIPE3 KOI,ITO B KOCMHqECKUTE CECTEME CE AKYI!{YNEPA BbPTENEBO MAKPOABIIXEHNE B

rrpoAbnxeHlre Ha MrrJrr.{apAtr roA}rHH.
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Equilibrium circle flux of gasoous ions
in magnetic field

Milcho Vatsov

(Sumrnary)

There are processes, during which takes place a directed
transport of microparticles, which does not need work to be maintained. If the free
microparticles, being in thermal motion in an insulated system, participate also in a
process of transport, maiptained without work, then under some conditions, an equi-
librium circle transport of material will be observed in the system
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