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B ~HHDll pa6oTe c~enaHa rrorr~TKa npoBepwT~ Oonee ABTan:oHo 

C~enaHHW!.paHee EblllO~ [I] 0 TOM, ~TO ITpH CTOJIKHOE6HHH penRTH­

B»CTCKH.X H](8p OTpli!IJ,aT6Jl!>Hbl8 ~HOHbl pOlK~BIOTCH ~ peayJI:oTaT8 H83a­

BHC.H!.lblX B3aHt.!:0](8liiCTBH~ HYKJIOHOB CHapHiJ,a C Mll!lll8HhiO. C 3TOi1 IJ,8Jl~l0 

aHaJU13HpyJOTCH 3KCll8pli!M.8HTaJibHbl6 ,1I,B.HHbl8 ITO l'tOppeJIRIJ,li!RM M8lK.IJ.Y 

MHO:-KeCTB8HHOCTm.m ]- -M830HOB H. ~ - qacTHU (npeli!MY!J.(8C'l'E8HHO npo­

TOHO:B C li!MIIYJl:DCaM~1 p ~ 700 M3B/c) BO ll38li!MO;ll.eHcTEJ1HX p , d , 

He , c c R;llpa•• TaHTana npa HMnynce 4,2 raB/c aa ayanoa 

(plllc.l). ilpHB8,11;8HHhl8 Ha pHC.I 3KCII8PHM8HTaJlhHDI6 ;zi.BHHble IIOJJ.Y\l6Hl:l 

np• no•om• 2-MeTpOEO~ nponaHoEo~ ITK ~BS OWRM c EHyTpaaae~ TaH­

ranDBO~ MHill8H:OIO,o6Jiyti8HHOlii Ha rryqKax penHTlllBli!CTCKlilX li!OHOE Ha 

caaxpog)asoTpoae Oii!Hll. B pa6oTe L21 OTtte~anoc>,~TO xapaHTep 

8KCII8pYIM8HTaJI:&HO Ha6JIIO;ll;8HHbiX KOpp8JlHU~li Meli\;n;y MHOlK8CTE6HHOCTHMH 

gj- M880HOB VI ~- tiBCTHU MOIKHO KBti8CTB8HHO 06'bHCHl1T:O llpOCTbiMlll 

re OM8Tpi!P-l8 CI\1'!!.111! C006pa1K8HllHMll. 

ilp8JK,11;8 "li8M rte petiT VI K KOJU1.q8CTB8HHOMY OmiCaHVID Ha6JW]l,8HHW:: 

Kopp8JIHUHti; OTM8THM CJI6]l,y~lll,68 06CT0f!.T8Jl:&CTBO: ld3 ,UaH!!'W: [3] llO 

! p( HpT<>.-CTOJIKHOEeHHflM npi. 4,2 raB/c Ha Hyi<ROH CJ.e~eT, ~TO Cpe)I­

HflH MHO:ICCTB8HHOCT:O jf-- ~30HO:i E ITp01'0H-H,11,pO HeynpyrKX B3aHU.O-

in 
;n,ekCTlH'IflX < rt- >p.A rtpaKTH'18CKH OIIp8;ZI.eJIH8TCH TOJlhKO B8pOHT-

HOCT~ID TOrO, qTO HaJieTa~lll,~~ llpOTOH CTOJIKH8TCH Heynpyro C O,IJ;H"M J 
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J13 HY¥JIOHOB H.I.(pa; CJMMapH.bUt iKe BKJia,14 BTDPlFlHl::IX. Heynpy!'HX npo­U:8CCOB_ (B paCC.M8TPLfBaeMOti 06.7IaCTH SHeprm1) H83H8qHT8.7I8H.J.(etiCTBH­T8JI:bHO, Ol!CH.D;88Mblti pOCT MHOlK8CTB8HHOCTH 9f --Me·aaHOB B pA - Baa­HMO.D;e~CTBHHX ITO cpaB~8HHID C pN- B3aMMO.I.(e~CTBH8M,06ycnOBJI8H­Hbltt pOCTDM BepOHTHOCTH Heyrrpyroro CTOJIKHOB8HHH XOTH 6U C O.I.(HHM HYKJIDHDM a.n;pa H 6es yqera BTDpHqHHX aeynpyrHx npoueccoB, panea 

'" < 11.- >-pA 
< n_ >tot 

pN 

_,pcod / _, ;., 
OpA OpA 

6'" /6 iot pN pH (I) 
pl"od 

rl(e E) pA - ceqeHMe pOI<il6HHH (XOTH 61>1 Olll!OrO JII!OHa).PaccqJ! -Taanwe rro (I) aaaqeHHH R. IIRH pC 11 pTa_- BaaHUO.z!e~cTBI!ll paBH~>~, coorBeTcrBeaao, Rc ·= I,20 H RT~ = 1,37 H xopomo cornacymTcH C SRCITepiM8HT8JI:bHO H3MepeHHNMH BeJIHqHff8MH [3] 
MCXO.I.(H H3 CK838HHOrO, eCT8CTB8HHO cqHT8T:b, qTQ cpe~HH MHO­iiC8CTB8HHOCT:O g;-- M830HOB, 06p830B8HHblX IIpii qJHKCl1POB8HHOM ITpl1-U8JI:bHOM napaMeTpe CT0RRHOB8HHH ITpOTOH8 C H.D;pOM, OITpe.n;eJIHeTCH -i.tt 

nepOHTHOCTDJO Vp ( {,) Heynpyroro Baai!MO.l1ellcni!H rrpl! npoxO><.l1e-HI!H npOTOHa qepea "Tonliii!HY" H,lle pH ore ne~ecTna T. ( t) • f J;. (i', t)dl (.I:, (r)- nnOTHOCT1 

qHCllO A ) : 
-~ HYKJIOHOB B RApe, HOPMHPOBaHHaR Ha M8CC0B08 

(2) 

BellJ!qi'!Ha. ~~n(~) HOpMHpOEaHa Ha EepOHTHOCTb XOTH 6R O.ZU!OrO CTOnKHOE6HHH (ynpyroro I!RI! Heynpyroro) np;r ~HHOM ITpHqenbHOM napaM8 rpe ~ • 

Cpe,ZJ;nee qMc'Jro HYKJIOHOB MHUieHH, npexepne:au.mx CTOJI.KHOBeHHe co caapH/10M npll npl!qen>HOM napaMeTpe t , panao: 
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~. (~) = 
(3) 

B cnyqae, KOr~ caapa~oM HBnaeTca a~po B, ~na Haxo~~eHMH 
-i.n. 

cpe~Hero qMcna Heynpyro npOB3!(MMO~e~CTBOBaBllU!X HyUOHOB V• (g) 

npM ~aHHOM llpM~e~HOM napaMeTpe HAp0-HA8pHoro CTORKHOBeH•H ~ 

H806XO,lUfU.0 TipOB8CTH HHTerpHpOBaHH8 TID HyKJlOHaM c·a8,pa;qa: 

-in. 1 r . [ -6:~ T, (I i- v;.l )J d • g 

v~(tl=N(&)JTe(ge)1-e 
e. (4) 

AaanorutJ.ao, cpe~aee 'IHcno ayKnoao:a MHmeaH, npeTepne:awHx xo­

TH 0hl OIU!O CTOlll<HOB8HR8. (ynpyroe MJll! aeynpyroe) CO CHapa~OM, 

paBHO! 

- 1 I . l -0 ~~t Te ( It-~. I)] d •& 

v,(~)=~JJT,(~.) 1-e .A. <51 

llp0H30illJ10 CTOJIKHOB8HH8, ITO Kpait· 

He~ uepe1
0IU!Oii napbl HyKnOHOB! 

A 

N(&)=1-(1-WA) , (6) 

r11e 

8CTb BepOffTHOCT:b Taro, llTO cnytJ.atiHDI£1. HYitJlOH Ml11fi81:Ul CTOJIKH8TCH 

CO CHapHj\OM npM WMKCMpOllai!HOM llPM~enbHOM napaMeTpe ~ • 

0TM8THM, 'ITO B.blpal!t8HH8 ;zi;JI.fl. cpe,n;aero qe,c.na aeynpyrl1X CT0.1lliHO­

B8HM~ (4) cnpaBeiU!•BO, 8CID! HyKnOHM CHapH]1a aa CB06M nyTH BCTpe· 

'!SlOT TOJl:OKO (HJJ.H rrp8HMYDl8CTB8HHO) HyKnOHbi MH.ill8HH., He npeTepneB:­

Illl18 :no aToro aeynpyroro CTOJlliHDBeRH.a; Tor;n;a aeynpyroe B:Sruti.to-
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,ll;eRcTBHe HMeeT TelKe xapawrepHcTHKH ( tO~~ , < n._>~~ H T.,ll;.), 
~TO H Heynpyroe HYKROH-HJKROHHOB B3aHMO~BHCTBHB rrpH H3B6CTHOM 
rrepBHqHOM HMITYIT~Ce (BITHHHHe @6pMH-~Hm6HHH Ha yxaaaHHHe xapax­
repHCTHKH B paccMaTpHBaeMO~ 06JJ§.CTI! 3Heprd rrpeHe6pelKI!MO M8ITO). 
YKaaaaaoe ycno:aHe ~ocraToqao xopomo peaRHayeTca, eon» caapH,ll; 
aaMaoro Jierqe MHlllemr: B<<A. O.zwaRO .ZW.iire B aTOM cJI.yqae rrpu 
,li;OCTaTD~HO dOJIDillHX rrpH~BJI~HNX napaMBTpax MMBIDTCH 00JISCTH nepe­
KpNTI!H H~ep, r~e T~ >TA ; I!Hrerpl!pOBaHI!e (4) no aTHM o6rracrHM 
ITpHBOMT K HeCKOIT~KO 3aBNill6HH014Y aaaqeHHIO \) ~"- (g) • !I OSTOMy 
6o~ee roqaHM npH6nH*6HMBM ,li;JIH cpe~aero qHcna aeynpyr~x cTORKHD­
BeHHii HBJlffBTCH Bbl.palll:eiDIB, HHBapHaHTHDe ITO OTHOliiBHHIO R nepeCTa­
HOBKB CHapH,ll;a H MHIDBHH: 

B ~rr~He~lliHX pacqeTax ~ITE 
BNpa>eHI!B (4a). 

T, • mo.x { TA, Te }. 
BOITH'IHH ~ ~n ( {.) HCIT0.1llJ30B8.J.IOCD 

- i.n CBHSI. Mez;ey Belll!qi!Ha.MZ Vp(f>J ( t) 11. ~A ( t) ,paccqnaa-
HaH no @OpMynaM (2) - (6), rrpHBe~eaa aa p11c.2. KpecTH Ha rrpaBhlX 
KOHI..J;ax KPl1BbiX aa pHCymte COOTBBTCTByBJT "caMW4 11 D;BHTpaJII>HHM. 
CTOJJKHOB6HI!HM (ITpH!lBUH~ rrapaM~Tp §_ "< 0), !<p6CTLI Ha rreBhlX 
KOHIJ;aX - 11 C8Mbi...M 11 ITBPH\PBPH'lBCKHJl CTOJIICHOBBHHHM, KOrM B38HM0,14BM·· 
CTByBT TOJIDKO O~Ha napa HYKJIOHOB. ~JIH HyKJIOHH~ ITJIOTHOCTBtt H,li;Bp 
HCITOJID30BaJIHCb CJIB,ll;yiDmHB pacrrpe~ene~Hff! ,ll;nR H,li;Bp ,14BMTOHa M re­
JlMff- rayccoBcKoe; ~na yrnepo,14a ~ pacnpe,ll;eJieHHe, cooTBeTcTByiD­
Jllee OCI!HITMTOpHoM BOMOBoM WYHK~1111; MH raHTarra - pacrrpMerreal!e 
ByM-CaxcoHa. 
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JlepeXOI\ OT BblqHcneHHbiX B8nHqHH ~t ( i!,) , :;)A ( !;) X SKC-

rrepHM8HTaR>HhlM (pHc.I) ocy~eCTBnea cnel(ywmHM o6paaou. Kax OT»ep 

qanoc:o Bbllll6, cpe;ZUIHH M.HOXI:8CTB6HHOCT:bjf~- M830HOB :spA-BSaiD40-

~enCTBMHX TipH ~8HHOM llPH~811DHOM napaueTpe nponop~MOnan:oHa Bepo­

fiTHOCTH aeynpyroro B3aHM0~6~CTBHH C KaKHM-n»OO H3 HyK110HOB H~­

pa, C118,11.0:00.T8Jl:OHO· 

-i.n 

<rL(~)>pTa. =vr (I\)· (7a) 

l"-

rlJ,e <rL>p>l"' 0,48 (41 . 
/l.nH ( d , He , 

-inc i.n. 
<rt_(I\)>BTa.= '.)• (1\)•<rt->o~• (76) 

,,_ [ 4] 
rlJ,e < n.- >,.," = 0,57 • 

/l.Jlll Hax0~/1,8 HHH CBH3H M8l!ti\Y qzcnOM ~ - qacTHU rt:J' >! qHCJIOM 

llpOB3aHMO.zt8tfCTBOBaBIDHX CO CHapH]J;OK HyK1IOHOB ("6WrW::.11 HyKHOHOB) 

MJIW8HH ~A ( ¥!) BOCITOUayewCH Cll8 l(yKll!lilll 3KCIT8pi1118HT8.l!I>HWI <liaK- i 

TOI! [5} : Cp8)\!{HH MH01KeCTB8HHOCU <} - qaCTHII « rt~:>BTa. B~ B38-" 

JIMOI\encTBHHX ( p , <!- , He , c ) c HIJ,pou To.rrpu 4,2 ·raB/c aa Hy*-

110H npH0XM3HT811:0HO npOTIOPUHOHa~Ha BHqacneHHOMY iHal.leHKD cpe~­

ro liHCJl8. "6HTNX11 HYKJIOHOB wtm.eHH YrCl : 

r;ne - ·~n. ii'L 
'~To.~ AT ... 6 ... I 6~To. . 

MH npe~onaraey, 1.1~0 aaano~HqHoe cOOTHOmeHHe Mxeer Mecto He 

TOJrbKO n, B cpe~H8M 11 , HO H npH ]\S.HHOY TIPMU8JUiHOM napwterpe ~ 'J 

H ,:neJia6M. CJI6.lJ.YlOUl88 npH6JUHIC8Hi'I8! ;:ntCIT8plH.t8HTa.IllJHO Ha61HO,D;8UHW.C. 

co6HTHHM c .n;aHHHM _ <lJHKCHpOBaHHlllM tt.~ :;:: I coo-r:se'TCTBYlOT 'B3aHNO· 

)l;8~CTBHH CO cpe~HM ITpH~8RbHHM rrapaM8TpOM ~ 1 TaK~MJ qTQ 
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Vro. (g) = ~/0.62 (npm n.~~ I), (9a) 
a CD6b1Ti1HM C 11.~ = 0 C00TB8TCTBYIOT "caMhle" II8pH\P8PMt£8CKH8 B3a­
HMO~eWCTBMH, B KOTOphlX yqacTBYBT rrpeHMymecTB8HHO OAHH HyK~OH 
MI1ill8HVI! 

\)Ta. ( & ) "' I (rrpM I]_~ = 0) (96) ~anee ITpM ITOMO~ CDOTHDilleHMM (7) J1 (9) J1 pacqeTH~ Hpl1B~ 
Ha pHC.2 Ehlt£MCRH8TCH SaBHCHMOCTD cpe.ztHeM MHOM8CTB8HHOCTH Sf-­
M830HOE OT n~ . CpaBH8HH8 peayJI1T8TOB pac-qeTa c 3KCIT8PMM8HTOM 
IIp8,I(CTaBJI8HO Ha pMC.!. Kart BM;zJ;HO H3 pYICyHKa, MO,ZJ;BJI:b H83a:1H:'!CHMO 
B36HMO,ZJ;8MCTEYIDmHX HYKJIOHOB,K8t£8CTB8HHO OIIHChlDaBT OCH0BH~8 xa-

r.;--paJ{~epMCTMlUI RDppeJIFUJ;MPi M81Kl!Y IIIHDI!reCTB8HHOCTHMH Jl - ME'30HOB H 
~ - qacrHn. KDJIHt£BCTBBHHOe corJiacHe TaKme MomHo ctrHTaTD Y.ztD:sJieT­BOpHrem,Hbi.M. 

OcTaHOBHMCfl KpaT~O Ha @H8Ht£8CKOH MHTeprrpeTanHH IIO~t£8HHHX pe3ynoTaTOB. B cnyqae pTtl.-B88J!MO~eMcTBHi1 rrp11 cronwmx ripanenoH~ rrapaMeTpax CTOnHHOBeHHH ( 11~~ 0 + I) ITPOTOH B8BJ!MO,l18MCTBY8T, B 
OCHO:BHOM, C O,llHMM HYKJIOHOM H;D;pa-MUliiBHM, 11 <tt-(~)>pro..~ < rt->PN'T~ = 0,32 [41 ; c yMeH:&IDeHMeM npm~enaoro rrapaMeTpa aapH~ c poe­
TOM n~ yEemJ:qJ1E88TCJi B8p0HTH0CT:b Heyrrpyroro CT01lKHOB8HMfl.TaK KaK rrpoTOH rrpeTeprreBaeT npaKTHqeckH He 6onee o.n.Horo Heynpy.1•oro 
B3aVHW,Zi;8kiCTBi.nl, TO IIP,I1 ,1W.JILH8t1lll~M YBB.lllil!8HlU1 KP8THOCTI1 CTOJIKHO­EBHHH XDTH M qHCJIO BN611TNX ~-- qacTH~ paCTBT, HO CPBAHHH MHO -
R£8CTE8HHOCT:& 9\-- M830HOB OCT88TCH H8113M8HHOt!i: 

<"-~(~) 1>pA"' <"-->~'#To.= 0,48 (pmc.I). 
B cJiytrae HAPD-HAepHoro CTDJIKHDBBHMH c yMeH.omeinreM rrpn~eJI:&HO­ro napaMeTpa pacTeT cpe.n.aee qHcJio aeyrrpyro npoEsaHMO,Zi;eHcTBOBaB-
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cpe;z<HM8 ~MCJ!a :if-- M830HOB M q - ~acTMI\. llp!! 3Ha~eH!!HX ve,"( gy , 

6JIM3l<MX ~ MaCCOBOMY ~MCJIY Hi\pa-cHapH,l(a I) , . ,1(aJThH8~JJ!l!~ pOCT 

l!MCJla ~ - tiaqTHIJ;. 068Cll8'til1Ba8TCH, B OCHOBHOM, YB8JillQ8HW8M KpaT­

HOCTM CTOnKHOB8HHH 0TA8JlhHUX HyKJ'lOHOB CHapa;z:r.a C MMill8H~ID, liTO 

H8 rrmrBO~T, Ka.K Mbi BH;ll..8JU1 B CJiyqae pTo...-B3aHM0.4eHCTBHH, K 38M8T­

HOMY pOCTy- qj!QJ'la :Jf~- M830HOB. 8THM l1 06'bflCHfl8TCfl Ha6mo;n;aeM08 Ha 

a~cnepMMOHTe ocna6neH!!e (c pocroM n~ ) Koppel!Hlll!n Me~;z<y ~ 

H Qpe;z:r.HMM "tllllCJIOM Sf - M830HOB, npHqeM, KaK H Oiirn,l.l,a8TCR, STO OC­

Jia6neHH8 ;z:r.na cnytiafl 6onee TR~enMX caapa;z:r.o:a aacTynaeT npH 6onh­

illMX 3Ha~eH!!HX n~ 

B aaKmoqeHHe anTOPN Bbl~aJrtaroT Onaro;zw.paocT:& yl.lac:rmmaM CoT­

PYi\Hl!~ecrBa Ha 2~MeTpoBon nponaHo•on ITK ]B8 OWHM sa npei\OCTaBne­

Hllle nonaoro cTaTHCTHqecKoro MaTepHana; o6cny~:aaromeMy nepcoHany 

l1 Jl860paTOpH~M,ITPHHHMaBilll1M Yl18CTH8 B o6pa60TK8 CHHMKOB. 
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iJD,lliJHCH K p>JCyHKaM 

Pzc.! 3aBHCHM0CT~ cpe~HeM MH0m6CTB8HHOCTH ~-- M830HOB OT qzcna 
~ - ~aCTHJI no B38llMD.l1el1cTBHHX (p , d , He , C ) c Tn. 

rrpH 4.2 rsB/c Ha HYKnou. KpHBUe - pac~eT, UlM..Tfll<M) 

PHc.2 Koppeni!I111H Me>Qy cpe)(HHM ~HCJIDM Heynpyro np'oB3aHMDI1el1cTBO-
B8BmHx HyKnDHOB CHapHM 0~.;_( g ) H cpO)(HHM ~IICnDM 
HYKnDHOB IIHillOHII ::) A (g) 
6u O)(HH pas CD CH8pH,110M, 
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