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I. B B e n e H a e 

I!O.fiBJleHHe HOBHX aitCIIepHMeHTMLHHX l!;a.HHH/I-8/ ITO IIOJIHHM 

ceqeHIDIM PP-, PP-, ·Jiip_l'l KrP-rrpou;eccoB rrpH BHCOKHX :mep

rMx BH3BMO 60JILIIJOit HHTepec. 0HO CTHMyJIHpOBMO P.fiU JIICCJiegoBa.Hifil, 

OCHOBa.HHHX Ka.It Ha MO.n;e.JILHHX rrpen;CTaBJieHJII.fl~gj' TaR Ill Ha 8.H8JIH3e 

o6mHX aHaJIJIITKqeCKIIIX CBOHCTB. K 'IHCJIY IlOCJiegHHX OTHOC.fiTCR IlOIIHTKH 

yrrpomeHH.fl TeXHJIIKH l!;l'lCilepCIIIOHHHX COOTHOWeHHa 38. C'IeT 3aMeHH .UI'lC

IIepcHOHHHX HHTerpa.noB n;l$l)epeimHMLHHMH orrepaTopaM/ID/. Twoti 

rron;xon; BN3HBaeT pan; B03p8.llteHHWII/, Oll;HaitO OH HMeeT I'! orrpen;eJieH

HNe l!;OCTOJIIHCTBa, KOTOpHe 38.CTaBJI.flnT IIpOa.HMH3lllpOBaTL ero 6oJiee 

rron;po6Ho. 

2. Bu6op YHHWopMH3yPme~ rrepeMeHHoa 

PaccMOTpHM n;Jl.fl orrpen;eJieHnocTH rrpou;eccH yrrpyroro Ji:!: P

paCCe.fiHI'l.fl BOepen;. AHaJJHTKqeCKJIIe CBoacTBa aMilJIHTygN IIHOH-HYitJIOH

HOro pacce.fiHH.fl no aHeprHH rrpH if>HKcHpoBa.HHOM 3HatJeHHH rrepen;aRHoro 

HMrryJILCa BIIepBHe 6NJIH CTporo n;OK8.3aHN H.H.Boro.JID60BHM H XOpOWO 

l'l3BeCTHH/I
2/ (pHc. I). 06oaHa'IHM tJepea ~! aMIIJIIIITY.Uil, o6Jia.naiO

mHe O!Ipen;eJieHHNMH CBOftCTBaMJII 'IeTHOCTH IIpH 3aMeHe ~ ~ U X/ 

~± <~) ==!: 1:! l-n (I) 

I'! HOpMI'lpOBa.HHNe yCJIOBI'leM 

Jl'l1 ~ ± ( -lp= Pl. [ Gt.t( n-p)! <b-t.i ( .Jl+p)] (2) 

3.necL .Y =(S-u)j~t.M_ , l'l - N"acca rrpoTOHa, P.. - Jia6opaTopm.~ft ~ 

IIYJILC HaJieTaxmea 'I8.CTHQN (OHOHa), Macey~ KOTOpOft B ll;MLHeftweM 

rrpii!MeM prumoft en;mnme, T. e. 

pl. .. ~r-~-:a.--:1-

x/ S H u - o6HtJHNe Ma.Hn;eJILCTaMOBCK!IIe rrepeMeHHHe. 
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~HKUHPI -'; ± ( v} 

..J 
l'IMe1!11' CJieeylWIHe CBORCTBa Bel!leCTBeHHOCTP! ITO 

~tlt(Y)=~.!.(~'"J (4) 

CTpJRTypa pa3pe3a B ITJIOCKOCTP! V TaKOBa, '1TO Ha Heit Jie~HT 6ecKo

He'1HOe '1HCJIO T0'1eK BeTBJieHRH. HarrpmAep, OHH paCITOJIO~eHH B T0'1Kax 
2. . oz. 

$:(1'1•11) H U.,. (M -h) , h =1,2, •••• J.13BeCTHO, '1TO Ha rroporax 

ynpyrHX rrpoueccoB aMIIJIPITYJtN pacce.FIHKn PIMem a.Jli'e6paPJqeci<He TO'I

KPI BeTBJieHaa rrepBoro rrop.FII(Ka. EcJIH rrpeHe6peq:& HeyrrpyrPIMPI rrpouec

Ca.MH, TO pHMa.HOBa ITOBepXHOCTb aMIIJIHTYJ\!l pacce.FIHM IJ;ByJIPICTH8 PI 

ITpOCTettweit yH~pMHsyromeit rrepeMeHHOH .FIBJI.FieTC.FI HMITYJihC B CHCTeMe 

UeHTpa Ma.CC q_ • !Ipl'IMep!l HCITOJ!h30Ba.HM 3TOrD !l)aKT8 MHOrO'HfCJieH-

HH. O,n;HPIM Hs rrocJien;HHx Mo~o c'1HTaT:& <f>opMy.Jl!l nJI.FI S- * P- BOJIH 

Ji]i -pacce.FIHHR : 

q,. ro 1. t :l. -C.iuc, =---,r.,c, 
J"' d " a~ ... 11 

) 
0 ~ t ; 

-
11

- ~ Ct S = .s.-s 
~ a. ~ { r:;:- ' C£,')"" q.o r..11s, 

ltOTOp!le XOpomo annpOKCl'IMHpyRJT 3KCITepPIMeHTaJI:&HNe 1\8HHHe .ItO 3Hep

rHPI S A< 0, 8 f3B2/I3/. 

PaRee n;ByJIPICTHa.FI pHMaHoBa nosepXHocT:& c ycnexoM npHMeH.FI-
• JiaCb II;Jl.FI OITHCaHM ITOJIRilX CetJeHHi1 Jr- p - pacce.FIHM B lliHpOKOM liH-

TepBaAe 3HeprHtt OT nopora no HecKoJI:&RiiX f3B/I4/. EHJio o6Hapy~eHo, 
'iTO HeynpyrHe ITOpOrH, ITO-BHIJ;PIMOMy, npHBOIJ;HT K JlOKaJihHHM ~KTaM 

B 3HepreTH'1eCKOH 3aBPICiiMOCTii ITOJIHIJX CC'ieHiiH, KOTOp!lMH B nepBOM 

npPI6JIH~eHHH pa3yMHO npeHe6pe'1:&. OnHm<o c pocTOM 3HeprHii 'IHCJIO 

K8RaJIOB, a CJieiJ;OB<iTeJI:&HO, H T0'1eR BeTBJICHM B03paCTaeT (npPI 

r .. .._. !00 f3B/C '1HCJIO rroporOB B S - KaHaJie 38 C"feT poJIUleHH.FI 

ITHOHOB - !of). li03TOMy BaZHO yqeCTb 3TO 06CTO.FITeJibCTBO. 0HO 
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npHBO~WT, B ~acTHoeTH, K TOMY, ~To eTpYKTYPa pmMaHOBOH rroBepx

HOCTH yeRO~eTeR. EcRH ~orryeTHTb, ~TO Bee TO~H BeTBReHHH HMeiDT 

O.~HH H TOT lite xa.prutTep, TO B 6eeKOHe~HO y~8.JI9HHOH TO~Ke piDI!aHO

BOH ITOBepXHOeTH 6y~eT 6eeKOHe~HOe ~Reno RHeTOBx/. 8Ta ROBaR ~epTa 
pmMaHOBOH ITOBepXHOeTH He yqTeHa B YHWqopMR3ymmeA nepeMeHHOH ~ 

B eHny ~ero ITOeRe~HRR ~ORJttHa 6HTb 3aMeHeHa Ha HOByD nepeMeHHyD. 

B Ka~eeTBe TaKOH nepeMeHHOH rrpe~~aeTeR BH6paTb nepeMeH-

HyD 

u..·(.Jp:l..on!!)~ .. ..J=.!. ,.l..Q..,u ... J.,o._~). 
3':' a.. s; 

(5) 

~HKD;HR W l Y) o6nanaeT a.Rre6pa~eeKHMH TO~KaMH BeTBReHHR npll. 

V =±I H norapH<fJM~eeKOH TO~OH BeTBReHHR Ha 6eCKOH9~HOeTI'l. Ko

He~HO, e ITOMOUlbiD nepeMeHHOH .U CTORb lite TpynHo nepe~aTb ROKaAbHH8 

ITOpOrOBHe acfJ<PeKTH, KaR H C ITOMOD!biD nepeMeHHOH ~ • O~HaKO llpH 

BHeOKHX 3HeprHRX ROBaR nepeMeHHaR yqHTHBa.eT CROlitHHH xa.prutTep 

pHMa.HOBOH ITOBepXHOCTH, ~TO OTpa.JlteHO B ee a.CRMITTOTI!Xe 

W'L~) = t ;. ~ £ .. <~')) ' 

v .,.1... (6) 

,llpyroif OC06eHHOeTbiD nepeMeHHOH W RBRf!eTCR TO, ~TO OHa BH6HpaeT 

B Ka~eCTBe Ma.Cl11Ta6a ITO S KBa,D;paT CYMMH MaCC IIOKOfi CTanKH

Bal!IIIIfl!:CR ~aCTHU, T. e. Ben~HHy, 3aBHCRDl.Y10 OT H3yqaeMOtt peaKn;HH. 

X/ lfHa~e rOBOpFI, 6eeKOHe~HO y,n8.JleHHaR TO~a-CYDleCTBeHHO 
oco6aR, H6o oHa npe~enbHaR To~a oco6Hx To~eK. 

6 

Ha!<oHen; ,nepeMeHHaR W ( .J) RBRReTeR He~eTHOit BeUleCTBeHHOii: cpyHK-

D;HeA ,J , ~To rroaBoJIJieT RerKo nepeqopMYRitpoBaTb ycJIOBIDI (I) l'l ( 4). 

llocne Beero cKa3aHHoro ecTeCTBeHHO npe~rronoxHTb, ~To aMITnl'l-

TY~a yrrpyroro npon;ecca yHwpopMaayeTcR rrepeMeHHoA uflYJ .,llpyrH-

MH CROBaMK, B nepeMeHHOH ~lYJ aMITnKTy~a pacceRHH.II HMeeT TORbKO 

nonECa, T.e. HBnHeTCR MepoMOpcfJHOA cpyHKn;Heii. 

llpHHRTaR HaMH rHIToTeaa o6 yHwpopMH3YIDD!eA rrepeMeHHOH He aa

Becwr oT Han~HH y HayqaeMOro npon;ecca HeHa6~naeMoli o6Ra.CTH a 

IT03BOJIJieT paceMaTpHBa.Tb aMITRHTYnY paeCeRHHH rrpH BHCOKHX 3HeprHRX 

6ea ~ononHHTenbRHX npennonoxeHHA o cnoco6ax ee BH~HcneHHH. BcR 

pHMaHOBa ITOBepXHOeTb aMIIRWTYnH paceeSIHHR KaR cpYHKIJ;HH Y OT06pa.-

xa.eTeR Ha ITROCKOeTb W B BH.ne eHeTeMH nonoe e.nHH~HOH liiHpHHH 

(pRe. 2). ~Ha~eexH! nHCT nepexo.naT B nonoey 

-i~-w .. w-it~i. (7) 

3HaKH paBeHCTBa onpeneJIJIIDT nHHHH - o6pa3H npaBoro a neBoro paspe-

30B cpR3~eCKOrO RHCTa. 

.llJIJI .n8.JlbHelrulero yno6Ho nepefiTH K <fJyHKUHRM F'. , eBR3aH-
l x/ 

HHM C aMITRHTYnaMH ) :!. COOTHOllleHHeM 

F.t'"'~t../P~... .• (8) 

ilOCKORbKY B COOTBe7CTBHH C (3) H onpeneneHHeM nepeMeHHOH ..s cv) 

(5) 

P .. -= ~Co!. ;:.s, 
TO 1!3 (I) H ( 4) HffitneM cne.n;ynnHe CBOHCTBa cpYHKIJ;HA f'.t ( .. i); 

fi~ (wl = ±. ji~~ (-.S), (9) 

F'!"' (...r> ·=- ~'t c...s·). 
(IO) 

X/ llepeXo.ll OT 1:!. K cfJYJIKilHHM ji:!. llpi!BOD;HT K TIORBReHHD y IIOC
Jl9~Hitx ITOJlllCOB Ha l{eiCTBHTenbHOft OCH tJ' -nJIOCKOCTH,OIJ;HaKO D;JlJI IJ;aJlb
Helmero aTo He c~ecTBeHHo. 
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CooTHOWeHHe (9) ycTaHasnHBaeT CBH3b Me~ 3Ha~eH~MH ~YHKUHH ~·~ 
I 

B TO'IRB.X l.l.fi H W'-t (pHC. 2), B TO BpeiVlil KaK ( I0) ycTaHaBJIH-
1 /( 

BaeT COOTBeTCTBHe Me~ T0~8MH W'i. i! v.." i. • TaKI'!M 00p830M, 

ITOCpe,n;CTBOM COOTHOWeHI!il (9) H (IQ) MOlKHO Bl:lpa3HTD f'{ W1
11

l~epe3 

I'( ~d . B pe3yJII>TaTe HanneM 

F~ltc-w> = + F~ ( ... r-i!..-...)' 
w=:~t+i~. 

(II) 

IlORaJleM, 'ITO .l(HCIIepCHOHHI:le COOTHOW8H~ B ,7J;I1ipflepeHUtl8.Jl:bliOll 

~pM/IO/ ~pM8.JlbHO CJI8JJ;,YJOT H3 (II ) • C STOH U8Jl:bl0, BOCIIOJI:b30B8B-

WHCb pa.BeHCTBOM 

ITOJiy'IHM 

-2>ci 
fi.t(...:'-:b:J=e PrC,.;J' 

J 
-2...:. ,;/..,; 

F/c...s> = + e F~ ( ... >. (!2) 

3aMeHa B ypa.Bll8HHH ( !2) /,..- - - ~ <J'dj 11 B!1!(8JI8HI18 113 008HX 

'!acTe! .neAcTBHTeJibHoM H MHHMoM 'IacTH rrocJie npocTHX rrpeoopa3oBaHitl\ 

llpHBO,l(iiT K COOTHOW8H~ 

Re.li'+- = t~ C.~~ )J ... t<.,, 

:;; ... £(_: - *J (x. ~) ~ 17_ 
(!3) 

PaccMaTp11IB8.1I Bl:lpaJEenHe ( !3) na BepXHeM oepery rrpaBoro pa3pe3a 

(pHc.I),r.ne corJiacno (6) cx=)io!. H :j= tr~"J/h' (y».t), 

llOJI~I'lM pa.B8·HCTBa 

() - _j ( .... J )1 -r<.e.l'~.lv)=~d ~Jf..v ... ~~t"J, (!4) 

;}..._ ~LV) = - tc, ( {-4. ) IZe f_ ( v), 
d ~t'rn' 
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ITp8.I\CTa.BJUIKillH8 C060ft JlOKM:&IJYIO {flopMJ .IJ;HCITepcHOHHHX COOTHOme

HHif'!O/, 

3. ]OKaJI:&HaH ITapaMeTpH3auKR aMITJIHTYgH pacceRHKff BnepeA 

:viCXO.Wi H3 H3JlOllt8HHOrO BI>IW8, npe.n;ITOJlOlltHM, 'ITO aMITJlHTY.lnl pac

C8flHHR aHaAHTH'IHH B Kpyre H8KOTOporo pan;Hyca R C U8HTpoM B TO'l

Ke l.J'.,::~~ .. (pHc.2). 3To onpe.n;eJieHHo BepHo .n:JUI R..:i/~ I'I :f.,.,.yJ.., 
IIOCKOJI:&Ky B ITOJIOC8 (?) BC8 IIOJIJOCa pa.CITOJ10lt8HH Ha B8Ul8CTB8HHOfi OCR. 

B cJie.nyJO!.IIeM pas.n;eJie 6yn;eT rro.Ka3aHo, 'ITO HM8KlllHeCll aKciTepHMeHTaJI:&

HHe .n;aHHHe He rrpoTHBope'!aT npe.n;ITOJIOllt8HI'IIO R. "">]'~ • BemecTBSHHHe H 

MHHM1>18 '!aCTH aMIIJlHTY.n: i(:t 

[<! :: u.'!: ·+-~ tY:! 
B yKa3aHHOM Kpyre RBJUIIOTCR rapMOHH'l8CKHMH !pyHKUKRMH X , ~: 

AU(:~:, a)= 0, (I5) 

6'\J'(x:,~)=O. (I6) 

YCJIOBH8 (II) ITpHBO.I\HT K CJI8.IJ;Yni\HM CBO!CTBaM 'l8THOCTH !pyHKUHfi U 

H \f ITO !\::.: 

11± cx,;n = + 1.{;; (-JC,~J), (I?) 

U'± c:x:, j) = ± v± c-=c.,~J· 
(I8) 

PacCMOTpHM !pyHKUI'IIO 1J' ~ (.':c, ';I) • IlpHHHMaa BO BHHMaHH8 COOTHOW8HH8 

( I8), pasJiol!tHM ee B cxo~cR pa.n; BI'I.n;a 

2. .. -2 ( .. ) 

\SJ(·,;O = 2:.._ x. .?o.,. toa> ' (I9) 
n>;.:i 

("') 

B KOTOpOM !pyHKnHii ~ +- (:f) npe,n;CTa.BJUIX>T C06oit plmlli IIO CT8IT8HRM 

~-~ 0 • IIo.n;cTaHOBKa pasJiollteHHR (19) B (16) IT03BOJUieT BllipaaHT:& 
..) (M) (1,) 

1.0 ._ ( :1) c h.,., 2... '!epes ~+ ( (f) • HecJiomn.~e Bl>l'lliCJieHI!Il ,n;aDT 

12 

. I 
\ 

'I 

' 

("'J . .. .• :1. z .. -z. 
~+ C(j) l-i) J. cbr;J('J) • 

(~ .. -2.)~ d':i2 .. -2. 
(20) 

TaKHM o6pa30M,!pyHKnKR \)' ~ orrpe.n;eJUieTCfl CXOWiiiiHMCll pa.IJ;OM BHn;a 

... -i 
w 

'=-+ c ~ > = L. a ... c ~-~ .. > 
m~i 

AHaJiorH'!HO .n;JUI !pyHKUiiK lf_ Hait.n;eM 

r.n;e 

H 

a .. -i t"> 
u_ (x;, e~>-= L. x ~- (~>. 

t\'l:-:1. 

l!+i 
(;,) (--!) 

Co- ( ~) =(2 ... -1 ) ! 

'2.h"' (t) 

J G;,_(:f) 

d e .. -a 
~ 

..J (tJ "' n . 
~- c,o = ~ ~ ... (~-~~) 

1M ~:I. 

... -:1. 

(2!) 

(22) 

(23) 

(24) 

,Il.Jm sa.n;aHHHX !pyHKild 15'! ("'-, <;j) aMITJIHTy.n;~>~ pacceRHHR F± HaXO.Il.flTCR 

ITO ifJoPMYJI/!5/ 

- . "LU .. wv~ .,.r- -w-.,"' * ~ 
fl.! ("') = 2.l. u'!: ( -z:- ' a:- ) t- ~'.t (we.) • (25) 

CoOTHOW8HKR (I?) H (I8) BM8CT8 C (19) H (2!) ITpHBOWiT K CJI8.n;yiD

IIIIIM 3Ha'!JeHKRM a.MILilHTy.n; Ft B TO'!JKe W'., = < 'jo: 

(26) 
F+ (wo):: t. u .. (o, ~,) = ~Ot, . 
~- c...r~) = tL (o, 'cf .. ) ~C.. • 
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4. AH8.1IH3 ::mcrrepKMeHTaJThHbiX ,na.mn;x 

C r:oMOIU:bJO <PopMyJI ( I9 )- (26) wmt rrpoaH8JIH3HpOBaHbl PIMeJlllHe

c.R aKcrrepKMeHT8Jll>Hble ,naHHble no IIOJ!HbiM ce"<JeHIDIM rrpo~eccoB P P -
H pp_/I-?,I6-20/,'T±p_/I,?,S,I8,20/ II l(!p_/!,7,!8/ pacceRHIDI 

UJIR P~., ~ IO rsB/c (p~tc.3-5). H3 (26) BH,!l;Ho, 'ITO napa.MeTp C 
He onpe.neJIReTC.R il3 ITO.UI'OHKH IIOJIHbiX Ce"<JeHfd, il03TOMY UJ!R ero Ollpe

U9JI9HIDI H906XO,!l;PIMO I'ICIIOJI:b30BaT:b 3KCIIepPIMeHTaJI:bHYJJ I'IH(f>opMaHHIO 0 

pe8.1Il>HO~ '!aCT I'! aMITJIHTYnH pacceRHIDI • .lLIDI rrpo~ecca P P -pacce.RHH.R 

BM9CTe C UaHHbiMI'I ITO IIOJ!HbiM C9'I9HIDIM IIOUI'OH.RJII'IC:b I'IM9JlllH9C.R H3Me

peH11.R/I9-24/ oTHOllleHH.R ex= R4.1'/;J.., p (pKc.3). ,llJui rrpo~ecca 7iP

pacce.RHIDI HCIIOJI:b30BaJIKC:b .nanHHe no .nmppepe~H8Jll>HOMY ce'!eHI'IIO nepe-

3ap.RnRK 
'Ji"'-p _. J,o VI 

npYit-=ol25 - 2?/~pYI~.fi),3TYI pe3yJihTaTbl H!.I9DT 3Halli!T9JibHO M9HbW9 CTaTH

CTHIJ9CKYi9 Oll1Yi6KH,Il9M ~aHHbl9 Yi3M9p9HHH B9JIHIJHHblo{ Ha OCHOBe KyJIO

HOBCRO~ HHTePVepe~KH/2 8-29/. KpOMe TOrO,H3MepeHHH pa60Tbi/2B/ ITJIOXO 

COI'JiaCyiDTC.R C H9.UaBHHMH Bbi'!HCJieHIDIMH, BbiiTOJIHeHHbiMH C IIOMOml>IO 

.nacrrepcHOHHh!X cooTHomeHIIR/3 0/. ITo aTo~ ze rrpK"<JI'!He B CJIY'Iae K P

pacce.RHIDI napaMeTp C ne onpe.neJIRJIC.R, a BeJIK"<JHHa o<+ BH'IHCJIRJiac:b 

UJIR RpoCCHHI'-CPIMMeTpK'IHO~ aMITJIHTYnH (pHC, 5), He 3aBI1C~e~ OT 

aToro rrapaMeTpa. 

OrrpeneJieHiie napa.MeTpoB Q.,, ~ ... H e. npoao.nH.Jioc:b no MeTo-

UY Hai'!MeH:bmHx RBa,npaToB. Pe3yJII>TaTu cBeneHH B Ta6JI. I. Conepm

mHeC.R B 3TOH Ta6JI~e 3Ha"<JeHIDI ~ 0 COOTB9TCTBYllT ,!l;JIR BCeX TpeX 
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peaxnd BeJII!'IHHe Jia.OopaTOpHOI'O IIMIIYJil.Ca r~. =I00 rsB/c, T.e. 

06JiacTH, xapaKTepHO! .nJI.R Ha6Jlll.Ua9MOI'O MI'IHI!MyMa B IIOJ!HbiX C9'I9HIDIX. 

IlpH TaKOM Bb160pe IIapaMeTpa 'Jo X/ OCTaJI:bHbl9 rrapaMeTpbl OKa3HBallT

CH CJia6o CKOppeJIHpOBaHHbiMH H XOpomo (C H90oJI:blli2MH OWH6RaMH) OII

pe,neJIRllTCH 1113 non;I'OHKJI!. IIapaMeTpH a., (., > 'l) Ill t " ( h, 2 ,IJ,1I.Il 

JiP-pacce.RHIDIK n>3 ,nJIR PP-a KP-pacceHHIDI) rroJIOl!CHMpaB

HbiMH HJJ!Il, IIOCKOJII>KY BKJI)Jq9HJI!e HX B aHaJIH3 He IIpHBO,!l;HT R 3aMeT-
2. 

HOley" JM9Hbiii9HI'IIO X • .llpyrHMII! cJIOBaMH, oma6RH B 3THX rrapa.MeT-

pax, IIOJIY'IaeMHe rrpH no.nroHKe, cpaBHII!MH co 3Ha"<JeHIDIMH ca.MHX rrapa

MeTpoB. ilOJIY'Ia9MOe IIpll! 3TOM IIOBen;eHHe BeJIK'IJI!Hbl 0( (pHC. 3-5) K , 

B 'IacTHOCTH, IIOJIO.l!C9HH9 ee HJJie! B BHCOR03HepreTH'ICCKO~ 06JiaCTH 

(Ta6JI,2) BITOJIHe y,noBJI9TBOpHTeJI:bHO COI'JiaCY9TC.R C Bbi~KCJ19HH.RMJI!, 

BHITOJIHeHHbiMH B pa6oTe/30/. 

Orrpe.neJIHB qiy~HK Ff ('w) , ecTecTBeHHO rrpoBepKT:b cTerreH:b 

HX COOTBeTCTBIDI HK3K09HepreTK"<JeCRHM .UaHHbiM. C 3TO! ~eJI:biO pa.cCMOT

pPIM ,!l;HCIIepcHOHHOe IlpaBHJIO CJMM rrpH ROH9'!HbiX 3HeprH.Rxf3I/, Bb!TeRaro

mee 1!3 rrpPIMeHeHH.R TeopeMLJ KomH no ROHTypy e I (pKC. I) R <f>yHK~HH 

'4>(\1)= ~f ... (JJ • 
,[ ~~~-i 

3,neC:b ~+ (J) - KpOCCI'IHI'-CHMMeTpK'IHa.R a.MJIKTy,na IIKOH-HYRJIOHHOI'O 

pacceRHIDI, OIIpe.neJieHHa.R COOTHOlli9HHHMH (2) H (8). B pe3yJI:bTaTe 

ITOJIY'IPIM llpaBH.JIO CJMM BH,na 

h\" 
11(~-i) 

~,11\ 

'lo 
"~) ¥) \-ilf.(J) :z. L i v~.,.L Jy = -- J..,;, ~ (i~i. )(ao+2.Qo) + ~ J -a ~ va...i 

3 M. l v -i i 
.f. 

(27) 

X/ BapHaUM ~ • IIpiiBO.li;JIT R COOTBeTCTByDII8Mf nepeOIIpe,ll;e-
JI9HHil rrapaMeTpoB a .. , £., H c , He BJIMII aa aHepreTI'l'leCRYJl 3a
B•cHMOcT:r:. aMIIJUITY.Jllol pacceJlHM. 
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r.ne l...f:.ln = '1 .... "~ [l<fl>~J] oiTpe,neJllleTC.II qx>pMyJI~ (5), (I9)-
• i j ,; 

(2I), ~- - ITJIIOH-HYJUIOHHBJI KOHCTa.HTa CBflSH, a.. H Q~ - ;:> --

BOJIHOBhle .~JllfHhl pacCe.R:HJII.II J/1 ~ ~ "' ,;!_..t ( £p) .- ~t•t ( Jl"+"f} • 

Oco6eHHOCTl>ll ~HciTepcHoHHoro ITpaBWia. cyMM (27) .R:BJllleTC.R: ero 

""tJYBCTBI1TeJibHOCT:b11 K HJIISKOSHepreTJII'IeCKO~ 06JiaCTH, o6yCJIOBJieHHaa: 

ITpHCyTCTBJI!eM ~y~-1' B SHaMeHaTeJlllX ITO~HTerpaJibHhiX BhlpaxeHlift. Ta6JI. 

3 CO~eplltll:T peayJil>TaThl Bhi~HCJleHIDI 

(27) I1pH pa3JIJII'IHHX 3Ha~eHIDIX ...Jo 

JieBo« J/1 ITpaBO~ ~aCTe~ BHpaxeHH.R: 

(B e.n:. Ma.CCH miOHa )"' ) • 3Kc-
·t 

ITepi-IMeHTaJil>HHe .~aHHhle ITO ITOJIHhiM ce~eHJII.IIM Jr-p - pacce.R:HIDI B o6-

JiaCTH fl .. < IO r:JB/c 6HJII1 B3.1ITH J/1/321, a 3Ha.~eHJIIJI .ly >I. =0,079 J/1 

o: +- 2.. a: =-0, OI 4 - 113 pa6oThl/33/. Yl3 Ta6JI. 3 BJmHO. ~TO .n;HcrrepCHOH

HOe ITpaBHJIO CyMM (27) BHITOJIHeHO C XOpOille~ TO~HOCTbiD. 3TO CBJII~e-

TeJibCTByeT B ITOJlb3Y rrpliMeHliMOCTli ITOJiyqeHHOrO BhlpallteHli.II ,l{Jl.II 8MIIJIJII-

TY~ pa.cce.R:HJII.II B KOMIIJieKCHOfi .J ITJIOCKOCTH. 

YMeCTHO, o~HaKo, rro.n~epKeyTb JIOKaJII>Hhlfi, a He acJIIMITTOTJII'Iec

KHfi xapaKTep rrpe,nCTaBJieHJII.II (25) ~J!R aMIIJIHTYJJ:H pacceRHJII.II. ilOCKOJ!b

KY ,ll;aHHOe ITpe.~CTaBJieHJI!e liMeeT M8CTO B Kpyre (pfiiC. 2), OHO .~OJ!liGIO 

OITJIICHBaTb 3KCITepfiiMeHT8JlbHHe .~aHHHe B HHTepBaJie 3HeprH~, COOT

BeTCTBymteM oTpe3KY ITpRMoil Re 1<I"-= .tj;!.. , BHpeaaeMOMY 3TJIIM KpyroM. 

TaK, ITpe.~IToJiaraa: .~JIR HIUtHefi rpaRHI.Ul ITpliMeHHMOCTJ/1 qx>pr,w JI ( I9 )- (26) 

c ITa.paMeTp8Mli J/13 TaM. I p .. -v IO r:JB/c' Hafi.n;eM ,l{J!R BepXHefi rpa.

H~ P~ ~ Io3 r:JB/c. 3TO COOTBeTCTByeT 3H8.'1eHHID pa.n;wyca Kpyra. 

CXO.~liMOCTJ/1 R- i. 

5. 3 a K JI m ~ e H a e 

'&ime 6HJIO ITO~eHo rrpe.~cTaBJieHflle .n;Jl.II aMIIJIHTY~hl pacce.R:HM 

Bnepe.n B B~tme cxo~meroc.R: pn.na, ocHOBa.HHoe Ha rHIIoTese o ee pJI!Ma

HOBOfi IIOBepXHOCTJII. ilOJiyqeHHOe ITpe,ncTa.BJieHJI!e XOpoillO OIIHCHBaeT 
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3KCrrepJIIMeHTa.Jil>HHe ,JJ;aHHHe ~JI.II PL. ~ IO r:JB/c. ilpH 3TOM Kpoc-

C!mi'-'ieTHaJI ll: KpOCCJIIHI'-HeqeTHa.R: aMIIJIHTYD;l:l pacCMOTpeHH en;JIIHHM 

o6pa.30M, 6e3 rrpen;IIOJIOllteHIIR 0 Ma.JIOCTII ITOCJie~Heft IIpH BhiCOKJIIX 3HeprV.

JIX. Ta.Koe rrpeniToJio:m:eHae,KaK J/13BecTHo/34/, He RBJllleTCR cTporiD<~ 
CJI8UCTBJI!eM aHaJIJIITJII'IHOCTII, YHHTapHOCTII J/1 KpoCCJI!Hr-CRMMeTpiiH. ~e

mtJI!eC.II B HaCTO.R:mee BpeMH 3KCIIepiD<~eHT8JlbHHe .U8HHHe {pnc.3-6) Ta~

llte He CBJm8T9Jll>C'I'ByJOT O,I{H03Ha~HO B ITOJ!bSy 3TOro ITpeUITOJ!OllteHM, ~TO 

H8lliJJ.O OTpallteHJI!e B pRn;e Mo~eJieft ( CM. , HaiTp'll:Me~~5/), npe~JIOJKeHHHX 
~JI.II OITUCaHli'R BbiCOK03HepreTJ1'l8CKOro a~pOH-a~pOHHOrO pa.CCe.R:HM. 

B TO lite Bpe!'.'!f!, eCJIJ/1 B pa.3JIOllteHIIRX (2I) J/1 (24) OrpaHil:'iJIITbCR ROHe'tf-

HHM "!HCJlOM CJiara.eMHX, TO 8.CKMI1TOTJII'IBCKH ( .t_.; >;> .L) 

leX+ I~ i I c<-1 >>i 

B COOTBeTCTBJIIJ/1 CO CTpOrJIIM~ pe3y.JILTaTa.Mal34/. B CITpa.Bei{JIJIIBOCTil 3T0-

ro MOXHO y6ei{JIIT:bCJI Henocpe.UCTBeHHO 33 iflopMy.Jl (I9 )- (25). 0n;H8RO 

npome BCero BOCIIOJlbSOBaTbCR COOTHOIDeHJII.IIMH {I4), ROTOpHB 1Ka.K IIOKa-

3aHO paHee, BbiTeKam J/13 3TJIIX qJDPMYJl H JIIMellT CMI:lC.ll. 

MflTepeCHO TaKllte OTMBTBTb, ~TO npaBJI!JlO CyMM .I{n.II TIOJIHhiX ce~e-

Hll:ft 

3~0 .. (Jr-P) ... 
3
i.0, (1i~p)-=i.~,t(;/p) ~i.3 ~ (p-f) (28) 

-..ot 't.Ot 2. ... - .. ht ! 

npe,UJIOllteHHOe He.I{a.BHO JlUITKJIIHH~36/, BhlllOJIHeHO I{JI.II Ha.illeft napaMeTpi'I-

38IlJIIJII C TO~HOCTb!O 3% BIIJlOTI> ~0 aHeprJI!t!: 2000 rsB {Ta6Jl. 4). OmJ/16-

KB B JieBOI I'! IIpaBOI ~aOT.IIX ITpa.BJIIJIB. CyMM (28) onpe.n;eJIRJIHCb ITO 

OillH6KaM B ITapaMeTpax, npHBeneHHHX B Ta6JI. I. 

ABTopu 6Jiaro~apHH JI. C. 3oJIImy, B. A. HJIIKRTJ/IHY, B.C. CTABJIIHCKo

My 11 M.r.IIIaqJpaHoBol aa KOHCYJibTBillUt no aKciTepHMeHTaJII,HHM naHHHM. 
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Tael.mma I 

fiaJ>aMeTIJH 0 11 , l_,, e (Bee B MClH), d" H OTHOilleHI'!e 
X.. K tJHCJJY CTerieHeA CBOClOzm h~ 

CP Jifl KP 

a. 84,51 ± 0,18 49,77 ± 0,09 41,03 ± 0,12 
(} z -4,85 ± 0,36 I,92;t 0,19 5,16 ± 0,25 
0\ 15,97 ± 0,7 10,37 ± 0,34 7,37 ± 0,48 
~:L 8,52 ± 0,!7 1,62 ± 0,07 3,51 ± 0,12 
t .. -13,82 ± 0,79 -2,8 ± 0,17 -5,65 ± 0,51 
tj 15,33 ± !,7 0 5,04 ± 0,97 
e 5,15 ± 0,25 0,83 ± 0,07 
ju 1,71 2,31 !,91 
x/, / ..,.6 II2/I09 82/73 48/38 

TaClJIHIJa 2 

IToJJoJtteHHe HyM BeJIHtJHHu rx '=' ~e fj.:J,,J L 01 {P~> = o] 

ot. (PP) o<(PPj o< (r.'P) ~{]if) <i.+(KPJ 

P., f3B/c 
) 262,9 74,4 88,2 58,7 33,3 
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Taelmma 3 

Pe3yJJE.TaTI:I BU'!JHCJieHWI JJeBoA ( L. ) a npa.Botl ( R) 

tJacTeA nacnepcaoHHoro npa.BHJJa CYMM (27) 

~~/: .... 
) 

b-_r R)"l R./l.c 

70 210 2H2,7 0,965 

80 235,4 228,3 0,970 

90 260,8 253,7 0,973 

!00 286,1 278,9 0,975 

TaClJir.ma 4 

3HatJeHWI JieBoA (f.&) a npaBolt { R) tJacTelt npamma 
CYMM JIRnKHH8 (28) 

P.:.,f3D/c i.:z, Hdn R, FOil 

200 24,14 ± 0,05 23,69 ± 0,07 
400 25,05 ± 0,05 24,45 ± 0,08 
600 25,83 ± 0,06 25,13 ± O,IO 
800 26,48 ± 0,07 25,71 ± 0,12 
IOOO 27,04 ± 0,08 26,23 ± 0,14 
1200 27,54 ± 0,09 26,69 ± 0,16 
!400 27,99 ± 0,09 27,!0 ± 0,18 
!600 28,40 ± O,IO 27,48 ± 0,20 
1800 28,78 ± O,II 27,83 ± 0,21 
2000 29,!3 ± 0,!2 28,!5 ± 0,23 
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