
1, 

OB'bE,ZJ;HHEHHhlti HHCTHTYT H,ZJ;EPHblX HCCJIE,ZJ;OBAHHti 
nAEOPATOPI.UI .HllEPHbIX nPOEflEM 

2 - 4263 

A.8.Tapacoa 

TOPM03HOE W3RYqEHWE MHrKWX ~OTOHOB 
TTPW B3AWMO~EttCTBWW A~POHOB 

CneQHaRbHOCTb 041 - TeopeTHqecKaH tH3HKa . 

ABTope~epa~ aHccepTaUHH Ha COHCK8HHe yq~HOA 
CTeneHH KaHaHaaTa ~H3HKO-M8TeM8THqeCKHX HayK 

,Uy6Ha 1969 



'· 

Pa6oTa Bi,mon11e111!. n fla6opaTop1m H/lep11h1x npoGneM O6be

nn11e1moro 1111cTHTyTa smepllbIX · 1IccnenoBaH11fi 
' , 

HayqHblll pyKOBO)ll!Tenb: . 

)l0KT0p '!pll311~0;..MaTe~aTl!,qecKl!X uayK npocpeccop n~11.ham1riyc .. 

Ocp!!UllanbHbie orrnoHeHTbl!. 
. • .. ·· . , . , . . , , I '· .. ·., ..•. 

/l0KT0p _qJ1!311KO-MaTeMaTl!qecKl!X HayK. C,M.Enne1;bKl!H;• 

KaH)l!I)laT tpll311Ko-MaTeMaT11qecKHX HayK M.TT,PeKa~o .. 

· B~nymee, Hayqao-11ccnenoBaTe~bcKoe yqpelKAeHl!e: HiicTl!TyT 

TeopeT11qecKoii I!. 3i(cnep11MeHT/l,TJ~Hofi, ~!!311Kll fKA3 CCCP 
' \•- ,, . , . 

A BTopeqiepaT · pa3ocnaII...:.. \ 
,:,-.--

1969 TO/la 
,_ ' ,,',·-_ -

· 3aml!'ra /llICCepTaUll!I _COCTOIITCH !' • iB69 rona ua 3a-

cenaH11n · Yqeaoro : coBeTa fla6opaTop11u srnepHbIX · rrpo6neM 011 .Hl1. · 

Anp·ec: ·r, l1y611a, O6ie)ll!HeHHblll l!HCTIITYT Sl/lepHbIX llCcne)l0l;la-
- .. ' ... -·· . . . ' 

anli:, _ JT~6opaTop_u.11 =srnepHhIX_ rrpo6neM. 

• I •• 

. C. )ll!CcepTauneli: M0lKH-0, 03118K0MllTbCH B .· 6!!6nlloTeKe· O11.HH • 

·, 

Y'IeHbIH ceKp.eTapb .CoBe'Ta n.Hn . 
. KaH/lll)l8T ql1!3llKO-MaTeMaTII'Ie'cKni! · HayK 

• O,A;3afiM!1/lopora 

', 

·-.-
\. 

·-.....,_ 

,, 

I 

~ :_:--. . . 

:\ 

I :, 'i . 

1/ 
" 

~ 

I 
• l 

I 

'i 
! -~l 

J 
1 
I 

I 

2 ~ 4263 

A.B.Tapacos 

TOPM03HOE M3JIYlfEHME M.HrKttX IPO°TOHOB 
IlPM B3AMMO~EHCTBMM A~POHOB 

CrreQHa~bHOCTb 041 - TeopeTHqecKaB ~H3HKa 

AnTopecpepar /lHccepTauHH aa COHCKaHHe yqeaoli 
CTerreau K8H)l!I)l8Ta tpll3llKO-M8TeMaTnqecKUX Hayx 

001,,.~,ir.;.·,~..::;,t.l1l i.:m:~ 

~,,..a.;,;. l:Js.:c'.I'~i!C(l,1~.Q, 

~;~t,J:t"li:v· f Ei{,h 



I 

l 
J 

B nocnenHee apeMH noaonbHO nHTeHcnBHO nccnenyroTcH npo

ueccbI TOpMoaHoro nany,reHnH <!ioToHoB npn aaanMonelrcTann an

poHoB. 3KcnepnMeHTaTopaMn K HaCTOSlllleMy BpeMeHn ll3MepeHbl 

ceqeHHSI i:ipoueccoa pp ➔ p py, n p ➔ n p Y , _11- p ➔ 11 - -;> Y , npn'leM 

nnH nepBhlX nayx npoueccoa a oTHocnTenbHo·wnp9KoM nHTepaane 

KHHeTn'leCKHX 3Heprnfi CTanKnBaromnxcH HyKnOHOB - OT 3 no 

200 Maa ·a n,c. B pSine TeopeTn'lecKnx paooT npennpnHnManncb 

fiOfibITKll OO'bSICHHTb nony'leHHbie 3KcnepnMeHTanbHbie peaynbTSTbl • 

ncxonSI na cy111ecTayro111nx npencTaaneHllfi o MexaHnaMe npouecca• 

TopMoaHoro nany'leHnSI. B npyrnx paooTax nccnenoaancH aonpoc, 

• MOJKHO nn, nayqag npoueccb1 TopMO3Horo nanyqemrn, nonyqaTb 

HOByIO <jJnanqecKyIO HH<jJOpMaunro ll KaKyIO nMeHHO • 

nocKonbKY B npoueccax TOpMoaHoro nany'leHnSI, conpoaoJKna-

101;1mx anpoHHbie CTOnKHOBeHnH, cymecTBeHHO aaMewaHbl cnnbHbie 

aaanMonelrcTBllSI, CTpyKTypa KOTOPbIX eme nonHOCTbIO He SICHa, 

a 06111eM cnyqae He cymecTayeT npouenypbI nony'leHnH MaTpn'IHbIX 

aneMeHTOB npoueccoa TopMoaHoro nany'leHnH. noaroMy npn Teo

peTnqecKnx nccnenoaaHnHx aTnx npoueccoa ncnonbayroTCH paannq

Hb1e Monenn n npn6nnJKeHnSI. 

B Tex cny'laSix, Korna ncnycKaIOTCSI MSirKne <!Jo:roHhI1 aMnnn

Tyny n Haor:ronaeMbie aenn'l~HhI . npouecca TopMoaHoro nany'leHnSI 

MOJKHO paanaraTb B pSin no aHeprnn <jJoToHa n nay'laTb nocneno

aaTenbHhle qneHbI. aToro paanoJKeHnH. 
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l1ccne.QoBaHn10 xapaKTepa nHc!>opMaunn, aaKn10qe1rnoii B nepBbIX 

qneHax paanolKeHnlI aMnnnTyJlbI n Ha6n10naeMbIX BennqnH npoueccoB 

T0pM03H0I'0 nany'!eHlllI ( B '!aCTH0CTll, npouecca N N ➔ N N Y 

sHeprnn c!>oToHa, ll noCBlIIUeHa HaCT0lIIUalI JlllCCepTaunlI. 

nnccepTaUlllI COCTOllT ll3 npeJlncn0BlllI ll Tpex rnaB. 

) no 

B nepBoii rnaBe nccne.Qy!OTClI rrepBbJe JlBa qneHa paanolKeHnlI 

Ha6n10.QaeMbIX Benil'lllH np0ll3B0nhH0I'0 npouecca TOpM03H0I'0 nany -

qeHnlI no sHeprnn c!>oToHa. 

B § 1 o6cylKJla!OTClI B03M0lKHbie cnencTBlllI JlnlI Ha6n10naeMb!X 

Benn'!nH npouecca -ropMoaaoro nany'!eHnlI, BbITeKa10mne na Teepe-

Mb! noy/1/. 06 aMnnnTyne sToro rrpouecca. 

Cornacao nay, nepBb1e JlBa qneaa paanolKeHnlI aMnnnTYllbI 

npouecca TopMoaHoro nany'leHnlI no nMnynhcy c!>oToHa ! Tpe6oBa

HlleM rpanneHTHOll llHBapnaHTH0CTll STOH aMnnllTYJlbl onpe.QenlIIOTClI 

0JlH03Ha'!H0 ll BbipalKa10TClI linHel!H0 qepea. aMnnnTyny COOTBeTCTBY-

10mero 6eapannauriOHHOI'O npouecca Ha MaCCOBOH Il0BepXH0CTll ll 

rrp0ll3B0llHbie OT Hee no HMnynbcaM '!aCTllU, y'!aCTBYIO!UllX B npo- · 

uecce. OTCIOJl~ cne.QyeT, '!TO nepBbie naa qne_Ha paanoJKeHnlI Ha6n10-

.QaeMbIX Benll'!IIH npouecca T0pM03H0I'0 Imny'leHHS! no ~ Bb!palKa

lOTClI qepea Ha6n10naeMbie Benll'lllHbl C00TBeTCTBy10mero 6eapa

)lHaunoHH0I'0 npouecca. 

B npnHunrre sTa CBlI3b M0lKeT 0b!Tb 0'!eHb cnOlKH0ii ( ll ST0 

.• )lel!CTBllTenbHO TaK, ecnn B T0pM0SH0M nanyqemrn ll3Mep!IeTClI 

KpyroBalI nonlipnaaunlI c!>oToHa) n aapaHee He ncKnlO'!eHo, '!TO a 

Bb!palKemrn AnlI K0MnoHeHT npoCTbIX nonlipnaaunoHHbIX TeHaopoa 

rrpouecca T0pM03H0I'0 nany'!eHlllI BX0)llIT K0MnoHeHTbl 6onee cnolK

Hb!X nonlipnaaunoHHbIX TeHaopoB 6eapannaunoHHoro · npouecca. 

Ecnn Ob! STa B03M0lKH0CTb peannaoBanach, TO ll3 peaynhTa

Toa npoCTbIX nom1pnaauµoHHbIX naMepeHnl! B TopM03H0M nany'!eHnn . ,. ,( . 

M0lKH0 0binO Obi a npllHUHne ll3_BneKaTb llH¢opMaUll!O 06 aMnnn-

TyJlaX 6eapannaunoHHoro npouecca, aaKn10qe11Hy10 a 6onee cnolKHbIX 

nonlipnaau_noHHbIX TeHaopax sToro rrpouecca. 
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iloKaaaTenbCTBY T_oro, '!TO TaKoii. B03M0)KH0CT!I He. cymecT

ByeT, rro Kpal!11eii Mepe noKa B TopMoaHoM nany'!eHnn He naMepe

Ha KpyroBalI rronlipH3aUHlI c!>oTOHa, ll noCBlIIUeHa HaCT0lIIUalI rnaaa. 

B §2 rrpnaonnTclI Bb1pa)Kemie nm1 MaTpn'!Horo s_neMeHTa 

np0ll3B0ilbH0I'0 npouecca T0pM03H0I'0 nany'!eHlllI B npn6nnJKeHllll 

noy. IToKa3aHo, '!TO B ST0M npn6nnlKeHnn, He_aaBllCllMO OT 'IHCna 

anpoHoa, yqacTay10mnx B npouecce, n nx crrnHoa MaTpn'IHb1l! sne

MeHT llMeeT HeK0Topy10 06my10 CTpyKTypy, n03B0nlI!OIUYIO nccneno

BaTb CTpyKTypy BbipalKennl! Jlml Ha6n10naeMbIX aenll'lllll npona

aonhH0I'0 npouecca TopMoaHoro nanyqeHnlI. 

B §3 ab1palKe11ne nnlI MaTpn'!Horo sneMeHTa' npouecca Top

M0aHoro nany'!eH!IlI B cl>opMe, npnaeneHHoii a npenb1nymeM rrapa

rpac!>e, ncrronbayeTclI nmi nccnenoBaHnlI cTpyKTypbI Bb1paJKe1ml! 

nnlI rron!IpnaaunoHHbIX Teliaopoa rrpouecca TopMoanoro · nany'!eJ!Irn. 

IToKa3aHo, '!TO, ecnn a T0pM03H0M nany'leHH!I He lI3MeplieTClI Kpy

I'0BalI rronllpnaaum1 c!>o,ToHa ( T.e. nn6o nonsipnaaunlI c!>oToHa ·aoace 

He naMep!IeTclI, nn6o naMep!IeTClI era nnHel!HalI rronlipnaaunlI), TO 

K0MIToHeHTbI n106oro rronlipnaaunoHHoro TeHaopa rrpouecca T0pMoa

Horo uany'!eHHlI ( HMe!OTClI B BllllY TeHa0pb!, ca!IaaHHbie co CITHHa

Mll anpo11oa, a ae c!>oT011a; nn11el!HalI nonlipnaaunlI c!>oToHa, ecnn 

0Ha H3Mep!IeTclI, l;IX0)lHT B Sb!palKeHlllI JlillI STllX TeH30p0B KaK 

. napaMeTp) B npu6nnJKeHnH nay ab1paJKa10TclI, npH'leM nn11eii110, 

T0ilbK0 qepea K0MnoHeHTbl a11an0I'll'IH0I'0 nonlipH3aUH0HH0I'O TeH30pa 

cooTBeTcTay10mero 6eapannauno11Horo npouecca n nponaao.QHbie 

oT HHX no nMnynbcaM· qacTnu, yqacTay10mnx a npouecce: 

p I k ••• r • 
y. Low 

DPlk ••• u,1- B lk ••• u pfm ••• pq 

fm ••• pq 

( l) 

3necb 
p I k ••• r • . 

y, Low - K0MnoHeHTbl HeK0T0p0I'0 nonlipH3aUH0HH0I'0 

TCHaopa npouecca T0pMoaHoro nany'!eHHlI a npn6nnlKeHnn noy, 

p I k ••• r • - K0MnoHeHTbl anan0I'll'IH0I'0 ( OJlHOHMeHHOI'O) no-

nlipnaaunoHJI0I'0 Tenaopa C00TBeTCTBY!OIUE:lI'0 6eapannauHOHHOI'O 
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npouecca, D - HeK0Topi,1l! .011~<pepeHunanbHbil! onepaTop, co,oep

)Kam11l! ,011<p<pepeHu11poBSHIISI no ijMnynbCSM 'ISCTllll, B; k • • • r • 
t..m ••• PQ 

-HeKOTOpbie <pyHKllllll KHHeMaTH'IeCKHX nepeMeHHbIX, SIBHbie Bbipa-

)KeHHSI KOTOpb!X HS.00 Bbl'IIICnSITb B K8)K,ll0M KOHKpeTHOM cny'Iae OT-

)lenbHO. 

CymecTBeHHO, 'ITO B npaBylO 'ISCTb COOTHOIIJeHIISI ( 1) He BXO,llSIT 

KOMilOHeHTbl ,opyr11x ( B TOM 'Il!Cne 6onee CnO)KHb!X) nonSipll38UIIOHHblX 

TeJI30pOB, OTnll'IHbIX OT PI k • • • rs, 

TaKIIM o6pa30M, pe3ynbT8Tbl non11p11381lllOHHbIX 113MepeHnl! B 

TOpM03HOM ll3nyqeHllll (ecn11 nonSipll381lllSI <pOTOHS He ll3MepSieTCSI) 

no3BOmllOT ,nonyqaTb llH<pOpMS!llllO TOnbKO O Ben11-q11Hax, ll3BneKa

eMblX ll3 pe3ynbT8TOB aHanorll'IHblX 113MepeHlll! .. B 6e3p8,llll8Ull0HHOM 

npouecce, ll .o npOll3BO,lll!blX OT STllX Benll'Illll no KllHeMaTH'IeCKllM 

nepeMeHHblM. 

8TO 38KnIO'IeHlle ,oenaeTCSI B §4. 

TaM )Ke yKS3bIBaeTCSI, 'ITO .on11 cnyqag, Kor.oa 113MepSieTCSI 

KpyroBaSI non11pn3a11n11 <poToHa, Henb3SI nony'IHTb B o6meM cnyqae 

npoCTb!e COOTH0IIIeHllSI Tllila ( 1) Me)K,lly Ha6n10.oaeMbiMll Benll'IIIHSMll 

npo11ecca TOpM03HOro ll3ny'IeHllSI ll Ha6n10,0aeMbiMll Benll'IIIHSMll 

COOTBeTCTByIOmero 6e3p8,ll118UllOJIH0ro npouecca. llnSI KS)K,llOrO KOHK

peTHOrO npo11ecca STOT Bonpoc ,llOn)KeJI paccMaTpllBSTbCSI OT,llenbHO. 

Bo BTopol! rnaBe B npn6nn)Kef!Hll noy paccMaTpnBaIOTCSI 6onee 

no.opo6HO aMnnnTy.oa ll HS6JIIO,ll8eMble BeJlll'IllHbl npouecca N N ➔ N Ny •. 

Bo BBe,lleHllll K rnaBe ( § 1) "KpaTKO cyMMllPYIOTCSI OCHOBHbJe 

pe3ynbT8Tbl rnaBbl. 

B § 2 ll3y'IaeTCSI 06ma11 CTpyKTypa aMnJIIITY.llbl npouecca NN ➔NNy •. 

O6cy)K,lla!OTCSI orpaHH'IeHHSI, H8Kn8.llb!B8e_Mble Ha aMnnn-ry,oy coxpa

HeHlleM npocTpaHCTBeHHOl! 'I~THOCTll. 

Ka:>1>AOMY HeynpyroMy npo11eccy ( N N ➔ N N Y l conocTaBnSieTCSI 

ynpyrnl! npo11ecc ( N N ➔ N N l no cne,oyIOmel! cxeMe: 

11MnynbCbl CT8J1KIIB810mllXCSI 'ISCTIIU npouecca N N ➔ N N COB-

na,oa!OT c_ IIMIIYJibC8MII CTanKl!Bli10m11xc11 'ISCTIIll npo11ecca N N ➔ N Ny 

3-11MnynhCbl pacceSIHHb!X HyKnOHOB npo11ecca N N ➔ N N HanpaB-

6 
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neHbl B c.u. CT8JlKIIB810mlIXCSI HyKnOHOB BJ:IOnb pa3HOCTII 3-IIM-

nynbCOB pacceSIHHb!X HYKJIOHOB npouecca N N ➔ N N y • 32 CK8-

nSipHbie aMnnlITY.llbl npouecca N N ➔ N Ny. B np1I6J111.i1<eHIIII noy 

JllIHettl!O Bbip8lK8IOTCSI qepe3 5 CK8JIS!pllblX aMnJill'I'Y/:1 yrrpyroro 

npo11ecca, conocTaBneHHoro ,ll8HHOMY HeynpyroMy YK838HHhlM 

BbJIIIe o6pa3oM, II npolIGBO,llHbie OT HIIX no yrny paccemurn II 

aHepr1111. 

Koa<p<pl!Ul!eHT8MII B STIIX JllIHel!HbIX COOTHOIIIeHl!SIX SIBJISIIOTCSI 

Bcero 

SIBHblfi 

28 <pyHKUl!l! KIIl!eMaTl!'IeCKllX nepeMeHHblX npouecca N N ➔ NN y, 

Bll/:1 KOTOpb!X np11Be.r:1e11 B TTpl!nOlKeHIIll. 1Jepe3 STll 28 Be-

Jlll'IIIH Bb!p8lK8IOTCSI Bee BenlI'Il1Hbl 8 ~ k • • • r • npouecca N N ➔NN Y • 
Lm • •• pq 

B §3 nplIBeAeHbl B npn6nnlKeHIIII noy SIBHbie _BbJpa)KeHl!SI KOM-

noHeHT non11p1I38UIIOHHblX TeH30pOB rrpouecca • N N ➔ N Ny J:10 

BToporo paHra BKJllO'IIITenbHO qepe3 KOMnoHel!Tbl aHanorlI'IHblX 

nonSiplI38UIIOHHblX TeH30pOB rrpouecca N N ➔ N N .on11 cnyqa11, 

Kor.oa B npouecce N N ➔ N N y 

TOHa, 

He ll3MepSieTCSI IIOJIS!pll38llllSI <po-

L111<p<pepeH111rnnbHoe ce'IeH11e 11po11ecca N N ➔ N Ny Bb!palKa-

eTcSI nnHel!Ho qepe3 .r:111qi1pepeau11anbHOe ceqe1-me yrrpyroro N N -pac

ce11H1111 11 1IpOII3BO/:IHbie OT Hero no yrny II SHepr11n. Bee KOMnoHeH

Tbl BeKTOpOB IIOJIS!pll38UIIII ll aC"!jMMeTpll!I ( TeH30pOB nepBoro paH-

ra) 11pouecca NN ➔ NN y BbipSlKSIOTCSI JllIHell:HO qepe3 e):IIIH-

cTBeHHYIO BeJil!'IIIHy, onpe.r:1en1110my10 TeH30pbI rrepBoro paHra npo-

uecca N N ➔ NN - nonSipll38llll!O pacceSIHHblX HyKnOHOB, B03-

HIIKS10my10 11p11 ynpyroM CTOJIKHODeHIIII HenonSip1!30B8HllblX HyKno

HOB, - 11 npolI3BO/:IHbie OT Hee no aHepr1111 n yrny pacce11H1111. 

HaKoHeu, CBSI3b KOMnoHeHT TeH3opoB.BToporo paHra rrpouecca 

NN ➔ NNy 11 i k, y C KOMIIOHeHTSMII aHanorll'IHblX TeH30pOB 

ynpyroro NN pacceSIHIISI 111 k l!MeeT cne.oyIOmyIO CTpyK-

Typy, He 38BllCS1my10 OT KOHKpeTHOro 11 
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n = r n n n,y n n 

nee,y =;nee+ annfm 

n = ,n -a 0 Iln 
mm ,y mm . Lm 

A + n + n . 
fm,y- !"e,y T (Ilfm t_n mf ) + ~ii ( nee ± n mm 

n. +n n = y ± < n +n no > + 
Ln,y- nL,Y n n LL 

.¢ n . 
mf 

n +n mn,y _ nm,y ,,:!: < n +n >· + r nn mm ·v::. n fm 

3necb npnneneHbI KOMnoHe~TbI TeHaopoB no ocl!M f, m , n , 
➔ ➔ ➔ 

( 2) 

rne f , m , n - OpTOHOpMnpoBBHHall CllCTeMil. BeKTOpOB, CBll38H-

H8ll c nMnynbcaMn ynpyroro npouecca ( CM,, HanpnMep/2/ ) , 
A 

r - HeKoTOpb1A nn¢¢epeHunanbHbIA onepaTop, coneplKamnn nn¢¢e-

+ peHunpoBaHnll no sHeprnn n yrny paccel!Hllll, Ben11'lHHb1 an , ~ti , 
Y :!: • a:!: 
n n 

+ 
/l -n 

+ 
V -
n 

HeKOTOpbie ¢YHKUllll KllHeMaTn'lec-

KHX nepeMeHHblX· npouecca N N ➔ N Ny ' pa3Hbie nnll pa3Hb!X 

T9H30pOB n I k 

B §4 o6cy)l{AaeTcl! B03MOlKH8ll HMIITBUHll T -Hel!HBapnaHT-

Hb!X s¢¢eKTOB B ynpyroM N N - paccel!Hnn npoueccoM T0pMoa-

HOro nany'leHnll. Llnll .ST0ro ncnonh3YIOTCll l!BHbl9 BbipalKeHllll Anll 

nonS1p11aaunoHHbIX TeHaopoB npouecca N N ~ N N y 

lKeHn_n noy, nony'leHHbJe B npenhIAymeM naparpa¢e, 

n npn6nn-

B §5 nony'leHbI B npn6nnlKeHnn noy Bb1pa);{eHnll nnll npocTeil-

wnx nonllpnaaunoHHbtX TeuaopoB npouecca NN ➔NNy nns cny-

'lall, Korna B TopM03HOM nany'leHnn naMepl!eTcl! Kpyrona~ nonl!pn

aaunll y -KBaHTa, Ta 'lBCTb 3TllX Bb1palKeH11A, KOTOpal! onpene

nl!eTCll 611nnuefiHbIMII, KOM6l!H8Ulll!MI! CaMl!X aMnnnTyJl NN -pacce-

8 

~l 

;, 

il., 

f i· 
l 

t 
j/ 

I 

. \ 
1. 
'.,\ 

llHHll (Ho He llHTep¢epeHunen aMnnnTyn II nx nponanqnawx) npn

BOAHTCll K nnHeilHOA KOM6HH8UHH KOMnoHeHT nonllp1!3,UllOHHblX 

TeHaopoB ynpyroro . N N -paccel!Hllll pa Hr a .He 6onee BbICOKoro, 

'leM paHr paccMaTp11BaeMoro nonl!pnaaunoHHoro TeHaopa npouecca 

NN ➔ NNy TaK i HanpnMep, COOTBeTCTBYIOIU8ll 'l8CTb Bb!palKeHHll 

nnll KpyroBoA nonllpnaaunn ¢oToHa, ncnycKaeMoro npn cTonKHOBe

Hnn HenonllpnaoBaHHhlX HyKnOHoB, np~nopunoHanbHa nonllpnaaunn 

paccel!HHbIX HyKnOHOB, B03HHK8IOIUeA npn ynpyroM CTOnKHoBeHUn 

Henonllpll30B8HHblX HyKnOHOB. 

Ta lKe 'l8CTb paccMaTpnaaeMbIX- Bb!pBlKeHnA, KOTOpag onpe-

nenlleTcll nHTep¢epeHuneA· aMnnnTyn N N - paccel!Hllll n nx npo-

ll3BOJlHbIX, He MOlKeT 6b!Tb npnBeneHa K Benl!'lHHBM, .nnHeilllblM 

no npOll3BOAHblM OT KOMnoHeiIT nonllpH38UHOHHbIX Teii:aopoB 

NN -paccel!Hllll, KBK STO 6binO n cny_'lae, Korna He ll3Mepi;macb 

KpyroBall nonllpll38Ullll ¢oTOHa. OHa BbipalKaeTCll TOnbKO HennHeAHo 

'lepea Ha6n10naeMbie nenn'lHHbI ynpyroro NN -paccel!Hnll, npH'l€lM B sTn 

BbipalKeHllll MoryT BXOAllTb KOMnOHeHTbl • nonl!pll38UllOHHblX TeH30pOB 

n106oro paara. 

B 3TOM CMbICne peaynh!8Tbl npoCTbIX nonllpH38UllOHHblX. ifa-
1 

Mepeann B TOpM03HOM nany'leHnn,. BKfllO'lBIOIUllX naMepeHHSI Kpyro-

Boil nonl!pll38UHll Y -KBBHTa, cone.plKaT na¢opMaUHIO, 38KfllO'leH

HYIO B 6onee cnOlKHblX, nonllpH38UIIOHHblX TeH3.opax ynpyroro npo

uecca. 

B rnaBe III nccnenyeTcl! TpeT11A 'lnea paanolKeHnll aM-

nnllTYJlbl npouecca TOpM03HOro nany'leHllll npn CTOnKHOB9HllH nnyx 

ail.pl! lKeHHbtX 'laCTHU no sHeprnn ¢oroHa w • He cymecTByeT o6mnx 

np11au11noB, noaB9nll10IUnx· nony'laTb cne'ny10m11e nocne B'l'oporo 

'lneHbl paanolKeHllll aMnnnTyAbl T0pM03H0ro nany'leHl!ll no w 

He 38BllCl!IUIIM OT Monenl! o6pa30M& nosTOMY B STOA rnaBe pacc

MaTpnBaeTCll np116nnlKeane, B KOTOpOM B38HMoneAcTBll9 anpoH0B 

TpaKTyeTcll KaK no,eau11anbHoe, a BaaHMoneAcTBne nx c sneKTpo

M~rHIITHbIM no'ne"M KaK TO'l9'lHOe • 
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B 3TOM npn6nnlKeHllll MOlKHO 38!Il!C8Tb 38MKHyToe Bb1palKe

ane nm1 aMnnnTynhI TOpM03HOl'O ll3nyqeHllSI npn CTOnKHOBeHllll 

aopoHoB qepe3 aMnnnTynhI nx ynpyroro •paccesimrn BHe MaccoBoii 

noBepxHciCTll. TaKl!M o6pa3oM, B aMnnnTyne TOpM03HOl'O ll3Ily'IeHllSI 

coneplKllTCSI nmpopMaunsi o noBenennn aMnnnTynhI yrrpyroro pacce

SIHHSI BHe MaCCOBOii IlOBepxnocTn. 

qyBCTBllTenbHOCTb Ce'IeHl!SI npouecca TOpM03HOl'O n3nyqe

HllSI rrpn CTOilKHOBeann HYKilOHOB K BapnaUllSIM noB·eneansi aMnnn

TYnhI yrrpyroro N N -pacceSIHllSI BHe M8CCOBOii noBepXHOCTll nc

cnenoBanach B ocHOBHOM B pa6oTax Co6ensi n KpoMepa /4-8/. 

OnHaKO B 3Tl!X pa6oTaX aBTOpb! Y'IllTbIBanl! BKnan B MaTpll'I

Hhlii . :::,neMeHT npouecca TO pM03HOl'O n3nyqeH1ISI TOilbKO nonroCHbIX 

· n?arpaMM, o_rrnchrnaromnx ll3nyqenne qioToHa non nocne npo-

uecca B3anMoneiicTBllll uyKnoJioB, rrpeueeiperall BKnanoM nnarpaMM 

CTpyKTyplIOl'O ll3Ily'leHHSI, onl!CblB8IOl!lllX ll3nyqeane qJOTOHa B npo-. 

uecce B3anMoneiicTBllSI RyKnOHOB. TaKoe rrpe1Ie6pelKeune npnBe

no, B npOTllBOpeqnn C TeopeMOii floy. K IIOl!BneHnIO BII6°MaCCOBb!X 

sqicpeKTOB y)Ke BO BTOpOM qneae paanol!W!lllll aMnnnTynhI TOpM03~ 

HOl'O nanyqeHnll no sHeprnn ¢oTO!la, 'ITO o6ycnOBllilO 38M6THYIO 

qyBCTBl!TenhHOCTb paCC'll!T81Illb!X aBTopaMII ceqeanii npouecca 

TopM03HOl'O ll3IlY'l6Hl!SI K noBenennro aMrrnnTyn ynpyroro pacce

Slllllll Bile M8CCOBOii noBepXHOCTll. 

O63op OCHOBHbIX pa6oT, noCBlll!l61IHhIX ll3Bil6'16Hl!IO B!leMacco

BOii llH<popMalll!ll ·na· aMnnnTynhI TOpM03HOl'O nany'l6Hllll, aaann3 

npli6nnlKeHnii, ncnonbayeMbIX aBTopaMn sTnx pa6oT, n auanna 

Bllllllllllll 3TllX npn6nnlKe!lnii Ha OKOH'laTenhllbie BbIBon·hI naHhI B 

nepBOM naparpaqie TpeTbeii rnaBhI. 

OcuoBHOe coneplKa!lne sToii rnaBbI - nccnenoBaHl!e cTpyKTyphI 

B!16M8CCOBhIX 3qlql6KTOB B TpeTb6M qneae p83IlO)K6llllSI no W aMrrnn-

:rynhI npouecca TOpM03Horo nany'leHnsi, conpoBolKnaromero pacce

l!Hlle nBYX 38pl!lKeHHbIX '18CTllll, B3anMoneiicTByromnx MelK.Qy co6oii 

qepea noTeHunan. 
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B §2 onpenenHeTCll aMnnnTyna ynpyroro pacceSIHllll nByx qac

Tnu, B38HMoneiicTBYIOillllX qepe3 noKanbHbiii rroTeHunan, BHe MaCCOBOii 

noBepXHOCTn. 

BbIBonnTCll HeKOTopoe TOlK.ll6CTBO, 38BllClll!l6e OT B6KTOpHOl'0 

napaMeTpa 
➔ 

K , CBll3bIB8IOillee HeKOTOpbie llHTerpanbI OT B6Illl'IIIH, 

6nnnueiiHhIX no aMnnnTynaM ynpyroro paccel!Hllll BHe MaccoBoii 

noBepXHOCTH, C Benn'lnHaMn, nnHeiiHhIMll no 3TllM aMnnnTynaM. 3TO 

TOlKnecTBO no cymeCTBY SIBilll6TCll TO~necTBOM Yopna nnll rroTeH

unanbHOl'O paccel!Hllll. OHO o6ecne'IIIB86T rpanneHTHYIO llHBapnaHT

HOCTb aMnnnTynhI npouecca TopMoauoro nany'leHnSI. · PaanolKeHne 

TOlKnecTB8 Yopna no cTeneHllM"BeKTOpHOl'O napaMeTpa II03BOnlleT 

nony'lllTb uenbiii psin TOlKnecTB. HeKOTOpbie ll3 HIIX 6ynyT ncnonb-

30B8HbI B §4. 

B§3 npnBonnTCll Bt,IpalKeHne nnH aMnnnTynhI rrpouecca Top

Moauoro nanyqeunH, conpoBolKnaromero paccel!Hlle nByx qacTnu c 

npOll3B0IlbHhIMll aapHnaMn, MaccaMn, cnnHaMn ll rnpoMal'HllTHbIMll 

OTHorneHllllMll, B38llMOneiicTBYIOillllX qepea J10K8IlbHbiii J:IOT6HUllan. 

3Ta aMnnnTyna npencTaBnHeTCll B Bnne cyMMhI -nBYX cnaraeMhIX 

MI + M
11 

• MI onncbIBaeT nanyqeane qioToHa no n ncicne rrpo-

uecca BaanMoneiiCTBllll qacTnu n BhI.PB*aeTCll mmeiiuo qepea aMrrnn

Tynh1 yrrpyroro paccel!Hllll BHe MaCCOBOii noBepXHOCTn. MII onl!Cbl

BaeT na_nyqemie qlOTOH8 B rrpouecce B3aHMoneiiCTBllH '11,!CTllll II npen -

CTaBnHeTCH B Bnne llHTerpana no nMnynbcaM npoMelKyTO'IHh!X coc

TOHHllii oT BennqnH, 6nnnaeiiHb•X no aMnnnTynaM ynpyroro pacceHHll, 

BHe MaCCOBOii noBepXHOCTll. 

no B §4 nponaBonnTCH paano~eune aMnnnTynhI M =MI + M II 

llMnynhCY qJOTOHa ll yneplK!!B8IOTCH nepBbie Tpll qneua p83IlOlK6HI!H. 

BHeMaCCOBbie sqiqieKThI, rrponcxonlll!llle OT T8KOl'O p83IlOlK6Hllll 

B6Illl'lllHhI MI• nMeIOT qiopMy npoll3BOnHhIX no MaccaM OT aM!lnllTY 

ynpyroro paccel!Hllll If MOl'YT 6bITb H83B8HbI nmpqiepeuunanbHbIMll 

BHeMacCOBbIMll s<JiqieKT8Mllo 
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BHeMaCCOBbie aqlq>SKTbI OT pa31IOlK9Hirn B9/IIIqllHbl M II 

npencTaBII!llOT HSKOTOpbIS llHTerpanbI OT B(:!IIl!qllH, 611nnHeilHbIX 

no aMnnnTynaM ynpyroro paccemurn BHS M8CCOBOil noaepXHOCTll, 

ll H83B8Hbl llHTSrpalll,HbIMII BHeMaCCOBbIMII aq>q>eKTaMII. Vlcno/Ib3Yll ~-
TOlK/:ISCTBa, nonyqaJOIUllSCll np11 pa3/IOlK9Hllll TOlK/:ISCTBa Yopna no 

cTeneHllM BSKTOpHoro napaMeTpa, MOlKHO qaCTb llHTerpanbHblX 

BHSMaCCOBbIX aq>q>eKTOB B pa31IOlKSHIIII aMnnIITY/:lbl M II no l!Mnynb

cy q>OTOHa Bb!p83l!Tb qepea BennqnHbI, IIIIHSHHb!S no np0113B0/:IHb!M 

oT aMnnnTy/:lbI yrrpyroro pacceHHllll no MaccaM. 

nony'WJOIUIISCll npn T8KOM npIIBenemm n11<1><f>epeHUll81IbHb!S 

Bl!SMaCCOBbIS aq>q>eKTbI B 6onbIIIlll!CTB9 cnyqaeB no q>OpMe coBnana

IOT C a1Ianor1IqHbIMII B9/Il!ql!HaMII, nonyqaroIUIIMllCll OT pa3/IO)K9Hllll 

MI HO npOTIIBOnOIIOlliHb'. IIM no al!aKy. 

TaKl!M o6paaoM, ;B nonHoil aMnm1Tyne M ~ MI + Mn nponc-

XOJ:ll!T J:IOBOIIbHO 3Haq11TS1Ibl!aSI KOMneHcaU!ISI . BHSMaCCOBbIX aq>q>eK

TOB. B Tex cnyqfl.SJX, K0i'/:18 ace HHTerpanbHbi9 Bl!eMaccoBbIS 

a<f>q>eKTbl CBOAllTCSl K /:lllq>q>epeHUllanbHblM, npo11cxon11T nonHall 

KoMnSHCaUl!Sl BHSM8CCOBhlX aq>q>eKTOB B COOTBSTCTBYIOIUIIX qne!iax 

pa31IO)K9Hllll nonHoil aMnnIITYJ:lbI M 

q>OTOHa. 

Mr' + Mn no llMnynbcy 

TaK, B COOTBSTCTBIIII C TeopeMoil Jioy, TaKall K0Mne11cau11H 

ocymecTB/IllSTC!l BO BTOpoM q11e1Ie pa3/IO)K9HJHI ae1111q1IHbI 

q>oTOHHOMy l!Mny/IbCY k 

M 

B Tp9Tb9M qneHe pa3/I0)K9Hll!l nennq11HhI M no Ii B 

no 

o6rneM cny;rne ( np0113B01IbHbl9 aap!lllbI, MaCCbl II T.n.) HS npo

l!CX0J:IIIT nonHoro npnaenemrn lIHTerpanbHbIX BH9M8CCOBbIX aq>q>eK-

T0B K nu<f>q>epeHUll81IbHbIM 11, cnenonaTSIIblIO, nonHoil K0Mnenca-

UllII BHSMaCCOBbIX aq>q>SKTOB. CTpn 9T0M BH~MaCCOBbiS aq>q>SKTbl BXO-

J:l!lT. B aMnlllITYJ:IY M Beer/la B KOM611HaUl!!lX, coneplliaIUIIX KaK 

n11cp<f>epeHUll81IbHbIS, TaK II IIHTerpallbHblS BHSMaCC0Bbl9 aq>q>SKTbI. 

IlpuqeM OTLIS/Il!Tb nepBb!S 0'I) BT0pbIX H91Ib3!l HI! no yrnoaoil, JIii 

'10 Cilll_HOBOil aaBl!CIIMO0Tll aM!lllllTY/:lbI M 

12 

• 

B TpSTIIH qneH pa31IOlli9Hllll aMn/lllTY/:lbl M no J.! ( qneH 

n0pllnKa k Bll'eMaCC0Bbie aq>q>eKTbI BX0A!lT n o6meM cnyqae 

B Bll/:19 J:IBYX KOM61111au11n, Ka)KJ:lall ll3 K0TOPblX conepllillT K8K J:lllqJ

<f>epeHUlla/lbHbIS, TaK ll llHTerpallbHbie BHSMaCCOBbie aq>q>eKTbI. OnHa 

' ll3 9TllX KOM6llH8Ullil llMSST Ty )1(9 cnllHOBYIO CTpyKTypy, 'ITO ll aM-

nllllTy/:la ynpyroro pacCellHllll,ll HO0llT HaanaHlle 9/ISKTpllqecKHX 

BHSMaCCOBb!X aq>q>eKTOB. · 11 HTerpanbI B 9TOH KOM6llHa11nll Im npn 

KaKllX YC/IOBll!lX HS npHBO/:l!lTCSl K BbipalKSHll!lM 6eallHTerpallbllbIM, 

li nonHoil K0MneHCaUllll BHSMaCCOBbIX aq>q>eKTOB B ll~H HS IipOllCXOJ:lllT. 

B aMn/lllTyny M 9/ISKTpllqecKllS BHSMaCC0BbJe aq>q>eKTbI 
el e2 

BX0/:l!lT C MH0lKllTeneM ( °"inj" "'." -m; ) t rne e 1 , 2 ll m l, 2 

aapSI.cibI ll MaCCb! CT8/IKHB8IOIUllXCll '18CTllU. 

CnllHOBaSI CTPYKTypa npyron KOM6llH8Ullll BHeMaCC0Bb!X a<f>q>eK

T0B, HOC!l!UllX H83B8Hll9 MarHllTHbIX, nonyqaeTcll ll3 CnllHOBOll CTpyK

TypbI aMn/lllTYAbI ynpyroro pacCSllHll!l YMHOlKSHllSM Ha onepaTop 

cnnHa 0/:IHOH ll3 qaCTllU. i1HTerpa/lbI OT BHSMaCC.OBpIX aMn/lllTYA, 

C0A8plK81Ull9Cll B KOM6llHaIIllll MarHllTHb!X BHeMaCC0BbIX aq>q>SKTOB. 

MOI'YT 6bITb npriBeASHbl K 6e3llHTerpa/lbHb!M BbipaJKSHll!lM ( ll BHe

M8CC0BbI8 aq>q>eKTbI npu 9T0M nonH0CTb!O K0MneHcnpyroTCll B 9TOil 

KOM6llH811llll), ecnn aaanMoneilCTBllS aaplllKSHHbIX qaCTllll MSlK/:IY 

co6oil He 38BllCllT OT HX cnllH0B. 

B §5 nonyqeJ!Hbie o6mlle peayllbT8TbI o6c:y'JKAaIOTCll B npnMeHe

Hllll K HSK0T0pbIM KOHKpSTHbIM nponeccaM. B qacTH0CTll, YK83bIBa

eTC!l, qTo A/Ill cnyqag CT0/IKH0BSHllll ABYX TOlliASCTBSHHbIX 6eccnn-

H0I)bIX qacTllU llllll nnyx T0lKASCTBSHHbIX qacTllU co cnllH8Mll, 

Mo C B38llMOA~HCTBlleM, He aaBllC!l!UllM OT cnnH0B, aMn/lllTyAa TOp

M03H0I'0 113/IY'lSHll!l npn CT0IIKHOBSHllll T8KllX qaCTllll Bn/l0Tb AO 

qneHoB nop!lAKa 

aMn/lllTY/:lbI no 

➔ 

k 

k ( T.e. nepBbIS Tpll qneHa paanollieHllSI 9TOH 

onpeAS/lllSTC!l aMnnnTyAOH C0OTBSTCTByrome-

ro ynpyroro npouecca Ha Macconoil noBepxHocin. PaayMeeTcH, 9To 

YTBeplKJ:leHl!e cnpaBSAIIIIB0 nllIUb C TOH ToqH0CTbIO, C KaKoil B3a

llMOl;l9HCTBll9 aap!llKSHHbIX qacTllU M0lKST paccMaTpllBaTbCll KBK rro

TSHUlla/lbH0e. 
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TpeT1dl qneH paanoi1<eHHS1 no k 8MnnllTYAbI, H8np11Mep, 

npouecca pp ➔ PP y COAepJKHT TOnbKO MarHHTHbJe· !3HeMaCCOBbie 

a<fi<j>eKTbl, KOTOpble He KOMneHc11py10T Apyr Apyra, noKa cy111ecTBeH

·HYIO ponb 11rpaeT cn11H-op611TanbHOe B3811MO)leHCTBHe. 

B 38Kn10'1eHHII K rnaBe ( §6) no)lqepKHBaeTCH,. '!TO yqflT 

)lll8rpaMM CTpyKTYPHOro 11any'leH11S1, KOTOpb!MII 06bl'IHO npeHe6pe

raeTcH, cymecTBeHHO MeHHeT 38KnJO'leHHe. 0 'IYBCTBHTenbHOCTII 

_ceqeHHSI npouecca TOpM03Horo 11anyqeHHSI K BHeMaCCOBb!M a<fi<j>eK

TaM. Il0nHSSI KOMneHC8llllSI BHeMSCC0Bb!X a<jl<j>eKTOB nonJOCHbIX !111-

arpaMM BHeMaCCOBblMII aljiljieKT8MII AIISrpaMM CTPYKTypHoro 113-

ny'leHHSI BO BT0pOM 'lneHe paanoJKeHHSI aMnnHTYAbl TOpM03HOro 

11any~eHIISr' no aHepr1111 $oTOHa II o6HapylKeHH8SI B 9TOH rnaBe TeH

)leHUIISI K nOA06HOH KOMneHcan1111 B TpeTbeM qneHe paanoJKeHIISI 

CBH)leTenbCTByJOT O TOM, 'ITO ce'1eH11e nponecca TOpM03Horo 113-

ny'leHIISI rop83AO MeHee 'IYBCTBHTenbHO K BI{eMaCCOBblM a<fi<l>eKTaM, 

qeM C'IIITanocb A(? c11x nop na ociloaaHHH aHan11aa Co6ensi 11 

KpoMepa. Han11q11e JKe B aMnnHTYA~ M HapSIAY C npOll3B0/1HblMII 

OT 8MilflllTYA ynpyroro pacceHHIISI. IIHTerpanoa OT Benll'IHH 61rn11Heff

HblX no aMnnnTyAaM ynpyroro pacceSIHIISI BHe M8CCOBOH noBepx

HOCTII cy111ecTBeJ1HO ycnOJKHHeT npo6neMy H3Me'leHHSI HH(jiopM81lllll 

O C8MIIX BHeMaCCOBb!X aMnnHTYABX ABJKe, ecn11 B 6yAyllleM B0'3-

pocmasi TO'IIIOCTb aKcnep11MeHT8 no3BOnHT nony'l8Tb ynOMSIHYTb!e 

B §4 KOM6HH8UIIII BHeMSCCOBb!X a<fi<l>eKTOB. 

OcHOBHble ,peaynbT8Tbl )lllCCepT8UHII 113flOJKeHbl B pa6o

Tax19-l 2(. Pa60Tb1'9-11/ AOnoJKeHbl HS I MelK!lyHa~OAHOM COBe-

1118HIIII no "lIIIOH-HYKnOHHblM B3811MOAeHCTBIIHM. 
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