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Pa60T8 BHOOnH6H8 B fla6opaTOPHH T60p6TH~6CRO~ ~H3KRR 
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Hay~Hble pyROEO.IUITena: ,n;ORTOp G>iam<o-MaTeMaTa~ecKIUC a ay R, 

CTap~ aay~H~ COTPY.n;RHR C:~AKrd A.H. 
R8H,Il;H,Il;8T ~H3HRD-M8T6M8TH~6CRHX RayR, 

CTapruMH aay~aHR coTpy.n;aHR TAPACOB A.B. 

Qiz~anbHbl6 OililDH6HTbl: ,ll;ORTOp ~H3MRO-M8T6M8TH~6CRHX aayR, 

eTa~ aay~HHi coTpy .n;aaR ~AYCTOB P.E. 

1<8H,Il;R,Il;8T ~H3HRO-M8T6M8TH~6CRRX HayR, 

CTapwa~ aay~HIDi: COTpy.n;aHR CJiEl.rlliiiKO Ji .A. 

Be,n;y~aB opraHHaauaR: vllicTHTYT ~aaHI<a Bb!COI<a x aaepr~. 

DpOTBHHO, l;i ocROBCRO~ o6n. 

38lWiT8 COCTOHTC.fl "-" 1983 r. B_~ac • H8 3aCe,ll;8HIDI 

Cne~anaaapoBaaaoro coBeTa R.041.07.02 npa BEHUITB. 

A.li;PSC: i'liOCI<Ea, yn. i.lapaa YnbBHOBO~ , ,n;o.M 3, I<Opn, I. 

C ,n;uccepTa~e~ MD .'itHO oaaaROMHT:DC.fl B 6a 6naoTei<e BHHUITB . 

ABTope¢ epaT pasocJiaa " " 1982 r. 

Y~eaHtt cei<peTa p:o Cne~aJIHaapoBaHHoro coBeTa 

,li,ORTOp (i;l31!R O-M8TeM8THtl6CR HX H8YR 

CTapumii H8Y~H~ COTpy.n;aHR .J/ 
~,.rJ !IEJI!,;i;lliUll B.B. 

i•HTyaJIDHOCT:O TeMbl. B nocne.n;aae ro,n;H E I 
naCSopaTOpii~ Mllpa CSWIO npoB6,ll,eHO 60JIDID06 ~I'ICJ' 

TOB no HCCR6,li,OBaHkllO B,n;pO-.fl,ll,epHOrO, a,n;pOH-Jl,11;6 

B3aHMO,II,6HCTBHii. h HaCTO.flll{66 Bp6!.1fl nporpat:JV!8 

nee p8CIDHplleTC.fl RaR B nJiaHe nocTaHOBI<Vi HOBID 

Me:fiTOB Ha 6aae cymeCTBYKlJ1.HX YCROpHTeneii, T8li 

BHX ycTaHOBOR no yci<opeHuiO 8TOMHHX .H.n.ep ,n;o :i 
3Hepraii H ¥13y~6HHIO B na6opaTOPHHX yCJIOBH.HX F 

B~ npa aaeprH.Hx, npeBllillaKlJ1.HX aaeprau RDCMH'i 

M6HTaX DO HCC.lie,I(OEaHIUO B3aHMO,li,6HCTBHH a,n;pOHC 

Bal!tHO~ npo6JI6MOi\ REMCTCB yCT8HOEJI61li16 I<Bapli 

3TH 06CTO.HTeJIDCTBa CTHMYJIHPOBallii HHT€p6C R ~ 

HHIO E3aHMO,li,€HCTBHfl: COCT8EHI1X CI1CT6M npM paM 

UeJID paCSDTbl. Bee cyll{eCTEY>~e B aacTOBu 

rOM I'l RBa3MynpyrOM a,n;pOH-.fl,I1,6pHOM p8CC6.flHMH, 

C6~6HH.HX 3THX peaR~ii nony~MJIH y,n;DEneTBOpHT€ 

,n;ag:paR~OHHOH T60pHH MHOT0Rp8THHX pacce.HHMt\. 

eCT6CTBeHHO, npME6JIO R npUM€H6HH!V T60pHll Rpc 
caHHIO 6onee cJIORHHX aeynpyrax npoueccoB c y'i 

TOE . B MO,Il;eMX, r,n;e a,n;pOHhl paCC!AaTpi1B8lOTCB C 

H€tJHOrO 'li!CJia TaR Ha3WJa6MHX "O,I1,6THX" HBapRC 

M6HTOB B ll0Rb3Y TDrD, 'lTD C06CTB6nHh16 p83M6J 

M6HbiD6 Cp6,1l;HHX M€lKJ<EapROBWC paCCTO.flHHH B am 

B6JlHtJHHH pa,n;aycy a,n;pOHOE . Cne,n;OBaTeJIDHO, am 

6h1Tb B€CbM8 nDXO!K11 Ha Jl6rRH€ B,n;pa M CJie,n;yeT 

,n;o6ae B xapaRTepHCTI1Rax a,n;pon- a,n;poaaoro BaaH 

BH.fl JI€rRHX B,n;ep. 

UeJIDIO ,n;accepTa~a .HBMSTC.fl accJie,n;oBaHHe 

npoueccoB .H,n;po-.H,n;epaoro 11 a,n;poa-a,n;poHaoro pa 

RpaTHhlX CTDJIRHOB6HI'IH . 

HaytJaaB HDB:taaa. B ,n;accepTa~a noJiytJeHJ> 

T8Tbl: 

- HCCJie,ll;OBaHbl i1MnyJIDCHhle cnei<Tphl .H,ll,ep 3 

,n;eiiT€ plleBDti MHLU6HH; 

- paapa60TaHa T6XHI'!Ra ytJeTa ROppeM~~ 

!1HRJll03!1BHh1X peaR~ti; 

- paapaeloTaHa T6XHMRa p8C'l6Ta C6tJ6Hi!H >1 

ytJaCTH61\1 JI6rRVlX B,I1,6p; 

- HCCJI6,11,0B8Hbl HillTIYJIDCHble Cll6I<Tpbl npOTOH 

HllX H8 reJIH6BOH MI11D€HH; 
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HTH: ~ORTOp ~ll3llRO~l8T6M8TU1:J~CRl1X HayR, 

CTap!IIU:lt H9YtJHDJH COTPY,IJ.IDIR qiAYCTOB'P.Ii. 

. R81J;IGI~T ~ll3llKo-M8T6M8TU1:J6CRruf H8YR 1 

cTapmiDi Hay'lHIDi coTpy~ CJIEIJtllii:'..KO Ji.A. 
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1\HTYBJibHOCT:& TSMu. B nocJie,u.rure ro,IU1 B pJi,n,e BS.D.YIIllL~ cius.a'iOCHilX 

JI860p8TOpnii MHpa 6Wl0 llp0B6,D,6HO 60JI.biDOO "lllCJIO 11HT6p6CHHX :mcnopnMGH

TOB. no nccJie.noBaHuiO .R.n;po-.R,n,epaoro, a.n;poH-n,n,epaoro n a.n;poH-a,n,ponnoro 

B3BHMD,n,eiicTBnii. B HBCTD.Rmea· riporJ.S nporparr:Ma 3Tl1X nccJie,n,oBaHllii Bee 6o
Jiee pBC!IIl1pHSTy.fl R8R B nJiaHO nocTaHOBH'" HOBUX l1HQ:i>pM~THEHUX 3RCnopa

M6HTOB HB 6830 cymeCTBYKilUIX ·yCitopUTSJISU, T8H ll E nJia~e C03,D,BHU.fl HO

BUX YCTBHOEOR no YCR0p6HUID 8TOMHUX .fl,D,ep ,D,O YJI.bTpEipeJI.HTllBHCTCRllX 

3H6prHii U ll3Y"l6Hlll0 B Jl860p8TOpHWC ycJIOBH.flX .fl.rr.pO-.fl,D,GpHWC B38l!MO,D,6HCT

Bllii np.a <lHeprii.flX, npeBlliiiBKilUIX SH6prHH ROCMH"l6CRl1X "'BCTHU. B .SRCnepn

MSHTBX no l1CC.'l6,D,OEBHUIO B38W~O,D,6HCTBI1H B.IJ;POHOB npn Bb!CORflX SHSprH.flX · 

BBIKHOli np06JIOMOli .fiE)J.fl6TC.H YCT8HOEJI61li16 RBBpROBOH CTPYRTYPLI 8.IJ;POHOB. 

3TH 06CTO.FJT6Jl.bCTB8 CTHMYJinPOB8llil l!HT6p6C R TOOp6TU"l6CROMy HCCiJS,D,OBB

HUIO B38.11MO,D,6llCTBl1ii COCT8EflliX Cl1CT6M npH p6JI.HTHBHCTCRIIX SJ:l6prHflX, 

UeJI.b pa60TH. Bee cymecTBYKllll16 B H8CTO.flmee Bp6M.fl ,D,8HH116 o6 ynpy

roM ll RB83l1ynpyrOM 8.IJ;POH-.fl,D,SpHOM paCCS.HHHU, a. T8RHt6 ,D,BHHI:lS 0 noJlliwc 

CS"'SHH.f!X 3Tl1X p68RUUH noJiy"lHJin y,D,OEJI6TBOpUT6Jl.bH!l6 OmiC8HH.fl B pBMRBX 

,D,II\1P8RUUOHHOi1 T60pHH MiiOrORp8THHX pacCS.HHllil:. TaROS ycnemHOe onncaHUe: 

6CT6CTBOHHO, npUESJIO R npnMSHSHlliD T60pHU Rp8THWC CTOJJllHOBSI!llll R onn

C8HUIO 60JI66 CJIOlltHWC HOynpyrnx npOUSCCOB C y'i8CTH6M COCT8BHUX 06'b6K

TOE, B MO,D,S)J.flX, r,n,e 8.IJ;P0Hhl p8CCIA8TpllB8IDTC.fl CB.Il38HHI.JMa Cl1CT6M8Mll RO

HS'iHOro "'UCJI8 T8R H8311B80Mh!X 11 0,D,6TUX11 IIB8pKOE, np~IEO,IJJ1TCJI Pfl,D, apry

MSHTOB B nom;sy TOro, 'ITO C06CTB6HH!l6 P83MSpH 11 0,D,6TWC11 RB8pl\OB MHOro 

MSHblll6 Cpe,D,HllX MOlKRB8pROBhiX paCCTOJIHUM B 8.IJ;POH6, paEHhiX no nopfl,D,FY . 

BSJin"lllHH pa.n.nycy a.rr.poHoE. CJie,n,oEaTSJI.bHO, a.n;poau no CTPYKType ,D,OJilltHU 

Ol:lTb B6CbM8 nOXOJ!Ul H8 JI6rl\ll6 H.IJ;P8 ll CJI6,D,y6T O!itll,D,8Tb R8"l6CTB6HH06 no

,D,06l16 B X8p8RT6pllCTlli\8X 8.IJ;POil-8,llJlOHHOrO B38UMO,D,O:iiCTEH.fl H B38llMO,D,6llCT

BllH JIGrRUX JI,D,6p. 

UeJI.biO .n.nccepTaunn flB)J.flGTC.fl nccJJe,n,oBaHne c G,D,IIHOH TO"'RU speHH.Il 

npoueccon fl.IJ;PO-.H,n,epHoro n a.rr.poH-a.rr.poHHoro pacce.Runii·B paMRax Teopnn 

I\p8THhiX CTOJJRHOB6Hllll. 

Hay'lH8fl HOB:13H8. B ,D,IICC6pT8Ullll llOJIY'iSH!l CJI6,D,y!O'.Illl6 HOE!lS. p63YJI.b

T8Tbl: 

- llCCJI6,D,OB8Hhl m.myJI.bCHhl6 cnSKTPhl fl,D,Op 
3

He, 4He ,P8CC6.HHHWC H8 

,D,6HT6pi16BOii MlllU6Hn; 

- paspa60T8H8 T6XHUR8 Yll6T8 I\OppSJI.llUUH USHTpa Mace ,D,JI.ll C6'i6Hl1i1 

!IHI\Jll03!iBHWC p68RUI1ii; 

- paspa60T8Ha TSXHUR8 pBC"l6T8 C61:JOHUH llHHJil03UEHWC npOU6CCOB C 

y'iacTne.r.t Jiernnx-SJ,n,ep; 

- llCCJl6,D,OB8HH lli•lllYJl.bCHH6 cn6RTPU npOTOHOE l1 ,D,6:ltTpOHDB, paCC6.HH

HWC H8 r6Jin6BOll Mlllll6HU; 

~ t}t)ocw. tr:ji:mui!i HHCT!l1'yT ~
;. :::.llt!l'!U:!!i: flU' .'~i!ilOBZU!.IfJ 

. I 5tt)5Jit1lC:ffEHA ,__. 



- p8CCM0Tp6HH penHTHBHCTCRH6 S~~SRTH C~aTRR B9aHM0~6~CTBYIDmaX . . 

06'1>6RTOB; 

- Dp0B6,146H aaaJUIS mlHHWC 06 ynpyrOM ltf -!)8CC6SIHHH DpH 

P7i = 200 ThB/c B l!RTepiJaJie nepem3aaoro HMny1II>ca 

0,0224 - ~. < 2,375 (ThB/c)2 

c y~eTOM penaTHBHCTCROro cmaTHSI a~oaoB. lloJiy~eao xopomee corJiacas c 

9RCTI6pHM6HTa1II>HHMH mlHHHMH. 

IlpaRTH~SCRaSI U9HHOCTll,; llpe)Tj:lRasaaae MHOrOTIHROBOit _CTPYRTYPH HM

ny1II>CHWC Cll6RTPOB BSaHMO~SHCTBY~ COCTaBHWC CHCTSM OTip9~QHH9T HS06-

XO~OCTJ> llp0B6~6HRR TaRHX SRCTI6pHMSHTOB. ~ SRCD6pHMSHTa1II>RO~ npo

B6pMH STHX 3~6RTOB H606XO~O y~UTHBaTJ> yRa9aHHH6 B ;Il.HCCS_PTaiUm: Oll

THMa1II>HH6 YCJIOBRR. 

PesyJIDTaTH pemeHRR Saml~ll ROppenamtit U6HTp8 Mace MOryT 6HTll HC

ll01II>90BaHH npa.paccMOTpeann npoueccoB c y~acTaeM JISrRHX SI~ep. 

Texaana pac~eTa ce~eaait naRJIDSUBHWC npoueccoB penoMea~eTcSI npa 

nsy~eHHU pacceSIHHH C JI6rRHMU SI~aMH. • 

Ycnemaoe onncaaae mlHHWC ynpyroro 1if -pacceSIHRR B HHTePBaJie 

nepem3~ 0,022< -J: <.2,375 (ThB/c)2 npa R, = 200 ThB/c c y~eTOM 
a~qSRTa penHTMBHCTCROrO c~aTHSI B~OHOB OTMS~aeT H606XO~OCTb y~eTa 
peMTHBHCTCRaX a~!fSRTOB npK BRCORHX aaeprHRX. 

Anpo6aunSI·pa6oTR. Pesy1II>TBTR, noJiy~eaaue B ;IJ.HccepTamtH, ~ORJia~

BaJUicJ> aa C6MUH8paX B ]86opaTOPHll T60peTH~6CROH ~H9llRH H ]86opaTOpllll 

H~epHWC npo6JISM 06'1>6;Il.HH6HHOro llHCTHTyTa SI~epawc HCCJI6~0B8HHH, H8 C6-

MHH8pe R8~S~ T60peTK~6CROR ~HSllRH EpeBBHCROro rocym3pcTB6HHOro yaa

B6pcHT~Ta •. 

lly6JUIR8UHSI pa6DT. 0CHOBH06 CO,I46plltaHH6 ;IJ.HCCSpTamtH ony6JUIROB8HO B , 

~6TRP9X pa60T8X. 

CTO"lRT:VP8 H 06'l>SM IDICC6pTaeyn. ,lJ,lrccepT8UHSJ COO TORT 113 BB6,146HRR, 

Tpex rJiaB,'. co~epJJtal!lHX 9 naparpa~oB·, .sanmo~eHHSI n 6u6JUiorpa<fnn HS 

66 aaHMSHOBaaan. Pa6oTa co~ep~T IIB cTpaaau MBmHaonucaoro TSRCTa, 

4 ;IJ.HBrpaMMbl H IO PHCYHROB. 

Co~epJKaaae ;IJ.HccepTamtz. Bo BBe~eaaz o6ocaoBaaa anTyaJIDaocn pa-

6oTu, YR838HR 66 ~Jlll H sa~~R. 

llepBaSI rJIBBB COCTOHT H9 TpeX naparpa~OB. B Heft p8CCM8TPHB8DTCSI . 

HMDYJIDCHR6 CTI6RTPH ~8CTHU H SI~ep, p8CC6SIHHWC aa ,146HT6PH6BO~ MHm6RH. 

Paspa6aT~maeTcSI TSXHKRa pac~eTa ceqe~ HHRJIIOSIIB;HWC npoueccoB c 

Y~8CTK6M Jl6rRHX SI,I46p. 

B § I rJIBBH I paccMaTpiiBaDTCSI peaRmta pd~ fX • UccJie~eT
cSI TOJIDRO BRCOROHMDYJIDCH8SI ~80Th CD6RTpOB npOTOROB, p8CC6SIHHWC H8. 

.I46HTepaeBOit MHill6HH. B STY ~80Th CD6RTpOB npeHMy~SCTBBRHRit BKJIB~ BHD-
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CRT ynpyros pd -paCC6SIHH6 H p8CC6SIHH6 npOTOHOB _neftTpOHOM, CODPD-:

BDJ!t,WlJOOl66CSI pasBaJIOM nocJie,II,Hero. Ha mmrpaMMe I npnBe~eHll MexaaasMll 

B9aliM0~6HCTBRR npOTOHa C ~Sil:TpOHOM. 
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B CJIY~as O,Il,HORp8TROrO p8CC6SIHHSI TIDT6pSI aaeprHH ~aCTHUSH p8BH8 
"""'/2 - ~z/ 11E

1 
= /'2.m., , ,IJ,ByRpaTaoro 4£z = 7 '-! m, , ' a npu pacceSI-' 

aaa aa ~eil:Tpoae RBR ueJIDM t.E = 9 ... /2m" = AE£ • TaRaM. oc5pasoM, B · 

CDSRTpe paCCSSIHHWC npDTOHDB Dpll ~DCT8TOtiHO 6i)}lJ>llJllX sfiaqeHHSJX 9 l1 

npu yciiDBllH,' ~TO paspemalOO.laSI cnococ5aocTI> annapaTypbl MeH:&me paccion

·HHSI Me~ Dl1R8Ml1 1 ~o~a H80JII0~8TJ>CSI.,IJ,BYllllRDB8SI CTpyRTypa, ~TO'll 06-
. . 

aapy JK6HO".SRCTI6 pUM6HT81II>HO. . 

B § 2 rJiaBR I paCCM8TpllB8JOTCSI peaRUUH del~ c/}( • ·)i;m TOre, 

~TO Obi TBRBSI CJI800CM98HH8SI Cl1CT6M8 R8R ~efiTpOH, MOrJia paCCSUBaTI>CSI C 

6DJIDWOii nepfj~a~efi HMDYJIDCB 1' , ''Ha.o6xo;li,HMO, 'lTOOH R8F.t~ ll9 COCT8B-
. -naKJiiHx ero HYRJIOHDB paccenBaJicSI c nepem3~eil:, 6mmnoi1 9/2. , a aTo 

BOSMOIKHO JUIW:b B CJiy~ae, SO Jill ooa HYRJIOH8 paCC6l1B86MOro ,IJ,Sil:TpOHa .HC-' 

llHTHBaJOT B38llMO,IJPfiCTBH6. ITOSTDMY B armiiHTy~e npOUOCCB dd-.:.cfx ·. OC

TBIOTCSI TOJibHO TS CJiaraeMbl6, ROT0pbl6 OTB6~810T MexaaHSMaM B38HM0~6MCT
.BI1SI, B ROTOpb!X npH!illM810T y~aC'!l16 oc5a HYRJIOHB paCC6UBa6MOrO ~6HTpOH8 • 
.fuiarpaMMbl STHX M6XaHH3MOB npHB6~6HR Hll:lt6: 
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MeXBHl13MY a) COOTB6TCTBY6T llOT6pSI 9H6prmt t..f1 = '! 12rnA/ ' 

6) ll£,_ = qzj4m~~r • llOCRDJIDHY 8MlliD1TY~ M6X8HUSMDB a. H ~ 
6nJUIHei1Hu no aMllJIHTy~e NN -pacceSIHHSI, TO nHTepJepeHUHSI Mallt~ HHMH 

H6 ~6CTPYRTl!BHaSI, H8R B cny~ae pd-p}( , a ROHCTpyRTIIBH8SI. U no 
n~ee ~OJIIKHa cnoco6cTBOBaTI> aa pa3~eJieHHIO rnmoB npH tJ.£1 n A Ei. 
a 38DOJIH6Hul0 MilHHMyMa MSF.t~ HHMH. 0,1Ul8R0 1 llOCROJIDRY 06JI8CTH ~OMl!RllpD-
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B8Ili!R.060HX M6X8HU3MOB B p8CCM8TpUB86MOM CJIYti86 O'ISH:O yaRU II HX IDI1-

p!1Hl1 onpe,IJ;SJJRJOTCfl D6.1lll'II'lll8M~ qiepMll-IDmyJIDCOB HYKJIOHOB B 060HX ,IJ;SiiTpo:... 

aaX, I1HT6W6p6H1Uifl YR838HHllX M6X8HII3MOB· OR83HB86TCfl CUJIDHO TIO,Il,8BJI6H

HOU n ae DJlllflST saMeTH!1M o6paaoM aa CTPYRTYPY J!MnyJI:&CHllX cneKTPOB. R 
IW'IGCTBSHHOMY OTJilltJIIJO CTPYRTYPhl CTIGRTpOB ,IJ;SHTpOHOB B peaim;nu JJ:_,.dX 
OT CTPYKTYPI1 npOTOHHllX CllSRTpOB B ed~px pacceflHiili npnBO;nf!T .Mexa

HI13M n) c noTe_r::ett saeprl1I1 :aE
3

=Sll'libm,.J. MexaHiia.M r) c noTepeii 

sne_flr • .u. .1f,., = q1
/ Lfm, ::::: AE2. ·, xo:rR n np;mo.u;ifT R "mupoRo.My"· BRJia-

]J;J B llnR ,IJ;ByRpaTHOrO paCCORHJ:lJl, O,JJ.H8RO BBU]J;J. M8Jl0ll UllT6HCUHHOCTU H6 

Blliffi6T Ha cfOP<IY ID.myJI:OCHllX CTI6RTPOB. .. 

TaRi!M o6pa30M, MO!Kll.O OIW,Il,8T:O Ha6Jno,IJ;6IDUI Tp6XTinROBOH CTpyHTyp11 B 

cneRorpax p~cce.fumwc .neiiTpoaon B peaRWllf dd-7 dx . O.JJ.HI!M .vra aeo6xo

.W1MllX YCJIOBllH ,IJ;JJR 3TOrO SJBJJRSTCB, Cp8BHI1MOCTl> l1HT6HCUBHOCT6H BC6X Tp6X 

M6X8HI13MOB. 0USHR.H npliBO,JJ.fiT .R 3H8'l6Hli!O ,IJ;JJR TI6p6,IJ;8tJU llMTIYJI:OC8 

Z(2 = I,5 (rsB/c)2 • 
B § 3 rJiaB11 I paccMaTp.unaroTCB peanmm Ad-A X • • JJ.m:J ROH-

npe~Hux npouec.con, a IDAeuao ,IJ;JJR '11#.-d~ ~He. X. n "M.d~"flt.X 
pacctJuTaH11 I~MnyJIDCH11e cneitTphl npn paSflllX aHatieHURX nepe.naHHoro llM

nyJIDca. Tipu 3H8tJ6HHH ll6p6,Il,8HHOrO HMTIYJIDC8 Ha O;nf!H HYRJIOH p8CC6UB86MD-

ro B,IJ;pa l£., = "ffA , 38M6THO llp6BhiiD8JOill6M BSJIHtJHHY Cf6PMH-llMTIYJI:OC8 

HYRJIOHOB, TS M6X8HII3M11, B ROTOpllX XOTR 611 O,IJ;aH US HYRJIOHOB B)JJ)8 He 

ytJ8CTBY6T EO B38HMO,Il;6HCTBHRX, Oy]J;JT IIO,Il;8BJI6Hhl, T .a • ymlOEH6 "BI:l!KU.l38-

Ill!R" SJ)JJ)a, ucn11T8Bfllero paccemrn:e c. 6oJI:oflloii ne pe.natJeii m.myJI:oca, c.ocTo

·HT E TOM, tJT0011 BC6 HYRJIOHE p8CC6UB86MOrO B)JJ)8 YtJ8CTBOB8JIU BO B38Jm!O-

,IJ;6HCTEHU. Ilpu 3TOM R81K,Wlli U3 HHX ll6p6,Il,86T HYRJIOH8M Mll:fli6HU HMIIYJIDC 
~ -:'> 9x-=. 9 /A C TO'IHOCT:OIO ,IJ;O B6.1llltJUH11 ll0p.ll,IJ;EI8 ifep.IU-llMTIYJIDCa, llpUtJ6M 

6C.1lll OH B38UMO,Il;6HCTBY6T C OOOUI.IU HYRJIOH8Ml1 Ml1fli6HII, TO 3TOT liMIIYJll>C 

,IJ;SJlllTCR, M6llt.IJ;Y illmlU IIOpOBHY C TOtJHOCTDIO ,Il;O B6JIU'IUHII TIOP.fl,IUI8 f3 -,I/2 

( ~- napaMeTp uanJiona ;rr.u@epeammJIDaoro ce'lerum /'1 N -paccesaliii). 

MexaHU3M11 RJiaCCUCfHUUpy!OTCR. CJI6]J;JI<l!ll1M 06pa30M: nyCTl> m SCTD 'll1CJIO 

HYRJIDHOB B)JJ)8 A, BaanMo.neiicTEYJOil!HX TOJIDRo c npoToaoM MuflleHII, n -
- c ueiiTpOHOM, a ocTaJIDHhle A-m- n· nocJis.noBaTeJIDRO nepepacceuBa

IOTCB Ra OOOHX HYRJIOHaX ,Il;6HTpOHa. B peayJIDTaTS npOTOH Ml1fli6Hll npno6pe-

Ta6T ID<ITIYJll>C p = tf[m-dA-m-n)/2.]/A. HSHTPOH- n= '/f:n'+ ' 
+(A-m- n} /'2...] /A 1 a ·B.npo Tep.HeT sneprnro ' 

. Afmn=~ +_.f_[f(m-n)12 (I) 
. Lfm_., 'tm.., A · J · 

ilepnoe CJiaraeMOS B (I) COOTB6TCTBY6T 3H6prl1U ,IOlU:KSHnR n f -QUCT6M11 

RaR USJIOro, BTOpoe - 3Heprul1 E036yJK,IJ;6HUJl CUCTSMhl. EcJIU 611 HYRJIOR11 

MUfli6HH TIOROUJIUC:O, a YR838HHM npOUS]zypa Il6p6,Il,8'IU HMTIYJIDCa 6llJIB COB6p

ill6HHO O,IJ;R03H8'IHOH, TO l!MllYJ!l>CHllH CIISRTP p8CC6BHHOrO Sl,IJ;pa npe~T8BJ!Bn 
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611 na6op A+ i [ -o6paaa~ IIUROB~ O,JJ.Hano, O'ISBU,IJ;RO, tJTO <fep.m-

·~ ,IJ.BUIK6HU6 HYRJIOHOB RaR B Ml1fli6HII, TaR 11 B p8CC6J-iBaSMOM Jl)JJ)6 ,IJ;OmtHO npu

B6CTU It paaMaaHBaiUIIO TaROii 11JIUH6H'l8TOH11 CTpyRTYP11o .l.i.JJR M6X8HH3Ma·c 

m+n:: A · ·g;apMU-.n;eumerum BBJJRSTCB e,naHcTBeHHoll: npwnmoii paaMaaHBa

rum CTPYRTypH. Tipu STOM mupuaa nnRa, OTBS'lairu{ero MexaHUaMaM (A, 0) 
11 ( o, A) , onpe.neJIBeTcB JIUm:o B~JIUtjJIHoii <tepM~RMnyJIDCa HYRJIOHOB Mu-

meHU, IIOCROJ!l>RY B 3TUX CJIY'IMX B6C:O UMTIYJI:OC 1 ll6p6,Il,86TCB O,IJ;HOMY U3 

HyRnOHOB MUID6HII 1-!" HSCYl!lSCTBSHHO,. RBRYIO ,Il;OJIIO EHOCUT RaJK.n;uli HyitnOH pac-

C6UB861\lOrO s)JJ)a. Ha mupuae nnROB MexaHUsMon c m+ n <. A cymecTBeHHo 

CR83l1B86TCB 60JI:Oill8Jl (-- ~-I/2) HSTO'IHOCT~ B·llPOUG,IJ;Ype ,Il;6Jl6Hl1Jl l!M

nyJIDC8 fx = f/A MGJK]J;J HYRJIOHaMu R)JJ)B A , ROTOp11e ncn11THBaiOT 

nocne.nonaTeJ!l>Hhle naa!IMO,IJ;eiicTBum c·o6DUMI1 HYRJIOHaMU MUfllenu. 

TaRI!M o6paaoM, cTpyRTypa Ad -naauMo.neiicTBUR .. ,nonycnaeT noaMOJK-

aocT:& nosnJierum. A+ 1 TIHROB B I~MnyJI:ocaux cneRTpax R.nep, pacceBHHllX 

aa .neilTPOHe. Peayn:oTaTII pactiSTOB ce'lerum RaR ifyuRunn "MacmTa6aoi1" ne

peMennoii Z= (H.",-IIm;-rzY1'lt/ .. ,IJ;JJRpeaRunit 3He.cl-!1fkX 
11 ~H~d- "HeX • npnBe,neu11 aa puc. 1,2. 
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3TH npe,ncKaaarum T6Dp.II.II ,Il,OCTYllHIJ· _:mcnepUMBHTaJU,HOii npDB6pK6 Ha ny'l

. Kax peJIJlTHBHCTCKirX . .H,nep Jla6opaTopHH BHCDK.IIX aHepr~ Oiffil1. 
B § I rnaBIJ 2 pemeaa aa~-qa y'leTa KDppen.HU.Ilii UBHTpa Mace B HHK

.Jll03HBHWC peaKU.II.f!X ·c y-qacTHeM nernHX .H.n;ep. PaaBHTa npocTa.fl· cxeMa pac-

. '16Ta UMllY1ll>CHWC CllBKTpDB B peaRI.UIH THna pA -7f X ,IJ;1l.fl npOH3BOJ1I,HDrD 

aHaTieH.II.fl A ·• \iinan'lecRM cyn a(j;lj:eKTa y'leTa Roppen.HU.II.II UBHTpa Mace 

COCTOHT B TOM, 'lTD B CMY TpaHCJlJlUI!:DHHDH .IIHBapnaHTHOCTH BDMOBa.fl 

<};yHRU.II.fl n.npa A aaBHCHT DT A- i DTHDcnTeJU,HWC RDDP.JWHaT HYK1ID

HDB, COCTaBJlJlKX!l.IIX .fi,IJ;pD. TeXHII"qBCR.II 3TH ROpp6JIJlU.II.II o6mHO Y'lHTIJBaJOTC.fl 

Ha11Dlit6HH6M YC1IDB.II.fl L "it= 0 Ha 061laCTl> HHTBJ:'PHpDBaHil.fl no ROOp,JWHa-
~ . 

TaM r. HYR1IDHDB .H.npa A , 'lTD YBB1lRTIHBaeT MaTeMaTM-qecRyro c11Dilt-

HDCTI> aa,na'ln. CB.Hai> Me!lt.n;y .n;BDt;HHMa .rmq:g;epeHUHaJU,HllMR ce-qerumMM, pac

. Q"qJ1TaHHHMli C y-qeTDM KOpp6JlJli.J,I1.11 U6HTpa Mace .11 H6ROppennpoBaHHHMM, no-

1ly-qa6TC.fl UHT6rpaJU,HOfi . . Itt 

.... , A0 , " Jv- . ., . u dv . J . df1'2 1'1. 
{ dtdl'l~1 tor :::: t ( di J ffxa LkOf - A:l f • x /it'&:...ff' X n: /( . A 

'] ( 
2. q Jn;•_ tt:') tl xr(11; -tf;'" ) ( J(j ) ] 

)< ! Acl Aol . di)tt;" J/tk.Of .I ( 2) 

r.ne d... . - OCIJ,I111JlJlTOPHhlfi napaMeTp .fi,IJ;pa A 
B § 2 r1laB·lJ 2 paapa60TaHa T6XHHKa pac-qeTDB UMnyni>CHWC CllBRTPDB 

npOTOHOB H~ nerKHX'.fl.u;pax. PaCC'lHTaH!1 .11MllY1li>CHH6 Cll6RTpH npDTOHqE B 

peaRIJ,I1.fl~ f) IlL~ fx .11 p Wt. ~Px • B npn6nniKeHHH, E R~-
Topol\\ 'f -aaB•!cUMDCTI> aMllnHTY.n N N -pacce.RHI!.fl 6epeTc.fl rayccOBOH 

f- up(- P'l'l2),Bce Bmac11emm BLill01IHRJOTC.fl aHannTn-qecRn. Y-qeT 

ROppen.HIJ,I1H UBHTpa Mace np,IBO;J.J.OIT K CYJKBHHIO COOTBBTCTBYia!UlX UMnynJ>CHHX 

pacnpe.neneaufi E pemnuwx Ha 11BrKHX n.npax. Ha pnc. 3 npnEe,neHIJ pac-qe-

Thl nMny1li>CHHX cneRTPDB npoToHoB E peaRI.umx p'HL ~ Px · n 
~If .... , I )2 p nc. -4 Px np.11 ? = I ( ThB c • 

ToT ([anT, 'ITo ce'!eHne f' 'fl._- Px oRaaa11ocJ> HecRoni>Ro 

MeHI>me ce-qeH>!.fl p ·~ ~ Px , cB.HaaHo c CiD1II>mo1i nHTeHc;mHocTI>JO 

,IJ;6CTPYRT.I1BHOfi UHT6Pl6p6HU.II.II MBXaHH3MDB D,IJ;HO- U ]l;ByHpaTHOro pacce.RH!i.fl, 

a T8HJK6 COOTHDl!l6HU6M OCUliJ!JlJlTDPHHX napaMeTpOB. 

B § 3 r11aE11 .2 HccJie.n;yeTc.H peaRU.II.fl J "IIi.- dx . Ha ocHoEa-

. HUH. R.I1H6MaTRTIBCROro· aHaru1aa MDlltHD or.rn,nan ll0.f!BJ16H.II.fl llSlTll lll!ROB B UM-

llYJU,CHHX crieRTpax .n;efiTpOHOE, pacce.HHHHX .Ha n.u;pe He npn aHa-qerui-

SlX ll6pB~HHHX HMllYJll>C!)B, DTE6'18!0:(11X riDTBPflM 3HSpr:m_, pacce.RHHIJM ,nefi

TPDHOM. 11 /; -:::: [ if"'f:zm,.., 5"tfl6m"', f/'lm.,, 3f/£6m,., ~ r~/6m.,] 
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Puc.· 4 • .IMnyJII>CHh!e cneRTpu ;n:etl.TpDHOE E peaRUl1.RX oi~He. -clx. 

rJiaBa 3 llOCMi161Hl np06JI6M6, CE.R3a!UlOil C p6JIRTiiB1rQTCRliMU 3cfq.6R

TaM~1 E (Op.lam131;i6 HpaTHh!X CTOJIHHDE6HI1ii. 

l.i §I rJiaEH_3 Ha.npuMepe ynpyroro pp- .11 1Tf - pacce.RHI1Sl 

o6cy!K,IJ.aeTc.R Bmi.RHne pen.HTIIEHCTCHUX sqq.enToE· npu omrcaHHM ynpyroro 

a.npoH-a.npoHHoro paccem~m. Y'leT :PR.na peJI.RTIIBUCTCR.IIX ati'(teKTOB, pOJll> 

ROTOpiJX B paCCB.fiHIIll p6Jl.RT.IIBHCTCR.IIX_Sl~p ORa3IJBa6TC.R npeae6peJKHMO Ma-
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JIOH, B CJIY"l86 8.IJJlOH-8,llJlOHHOrO p8006SlH.ID1 Oita311B86TCSl H8CTO.iu,RO Cyll(6CT

B6HHOit, "'TO Mo::teT pa,nllliaJlbao fl3MSHHTI> pesyJII>TaT!l. BoJIHoBue ftyaRntm 

CT8JlRHB8.!D'JlillCC.fl 8,DJlOHOB 38E.liC.flT OT "l6Tllp6XM6pHI1X OTHOCHT6Jll>Hh!X ROOp,IO:I

H8T COCT6BJI.fl!OOlliX EB8pROB ll OT "l6Th!P6XM6pHOrO HMllyJlbca a,npoaa, .flBJISlSlC:& 

DPH 3TOM fUlB8pH8HTHl1MH DTHOCHT6JlbHO npeo6pa30B8HHH Jlopeaua. PSJI.RTHBll

CTCRflit TIO,IOCO,n OCT8BJI.fl6T EB8pR8M E03MOJTilOCTl> ¥M6Tl> M8JIL!6 C06CTB6HHU6 

pa3M6phl II T6M 08Mhll\l y,nOBJlSTEOVHTl> OCHOBHhll\1 TIOJIOJ:\6H.IIRM MO,n6JIH COCT8B

JI.fl.!O'J.l}IX RBapRDB. IIpoEe,nan anaJIHa .nannhlX od ynpyroM Ji f -pacce.Hmm 

npn f?, = 200 ThB/c B HHTSpEaJie nepe,nati .11MDyJlbca . · 

0,022 < - t < 2,375 (ThB/c)
2 • Hait,nenu nap811!6Tphl BOJIHDBilX (fyaEUHit npo

TOna n mwna. IIoJiytieno xopowee corJiacHe c aEcnepm.leHTaJII>HllMH ,naHHhlMH. 

B § 2 rJiaBH 3 npDBO.nHTC.fl RatieCTBSHHhlit anaJius peJI.RTHBHCTcmrx aw
i,feRTOB npn OUHC8HHH HHRJJI03lilBHilX Cll6RTpOB B 8,DJlOHHilX B38HMO,neitCTBHHX. 

PeJIRTUBHCTCRne o@eRThl npimO,Il,fJT E nepeaopMupOBRS .nn!fifepeHUHaJlbHJL'C ce-

iieHIIit H OCUIIJlJI.flTOpHOrO napaMeTpa MllUISHH oC ~ o( "H • B CJiytiae 

8,DJlOH-8,DJlOHHWC B38I!MO,n6MCTBltii 92 ;;->mt n c(~+~- cf...9 2/fi1~o ~ 
- lf2 , T .6 • RB8,DJl8T 3cf\l:6RTHBHOrO <);epMU-fiMDYJlbC8 Cp8BIIliiM 0 RB8,DJl8TOM 

nepe.naaaoro ru.myJIMa ·lil Wlilp.aaa Dli!Ra RBasuynpyroro paccenHHH oRaauBaeT

c.H BSnll"lli!HOli DOpR~a pasMepOB BhiCOROlilMDYJll>CHOit "laCTll CDSRTpOB pacceu

B86Mh!X a,DJlOHOB • Ha RatiSCTBSHHOro anam13a CJ16;ny6T, "'TO P6,JI.RTllBHCTCIW6 

YWHP6Hll6 pacnpe,n6J16HHi1: DO <;fep.tH-I1MIIYJlbCY I<aR B pacC6HB86MOM 8,DJlOH6, 

T8R H B MHlll6HH, ',nomKHO Dpi!BO,nHTl> R 3a.M83h!B8HHJO CJ10)K!l0H CTpyRTypu 

Cll6RTPOB paCC6SlHHilX .8,I!JlOHOB, npe,nCR83h!B8ElMOH B pa.MRaX H6p6Jl.flTHBHCTC

ROH T60pHM MHOrORpaTHOro pacceRHH.Ho 

B § 3 rJiaBu 3 nccJie;nymcR npoueccu A, Az~A1 X H h,h~~h~.x~ 
B MO,nemr MHOrORp8THOro,pacce.RHH.fl npe,nnOJiaraeTC.fl BHDOJ1H8HH8"YCJ10BH.fl 

IT~.~<. R·l., r.ne 9~_ - npo,nOJI!>Ha.R nepe,natia liiMDyJlbca, R. - xapaR-

Tepauit pamryc pacce>rBaromero od~eRTa. IIprr paccMoTpe.HHu npoueccoB c 

60Jil>lllfiMH nepe.na~ar.~u UMDYJII>ca, .na~e B cJiytiae ynpyroro pacce.HHfl.fl, noTe

P.fl 3H6prnu tiaCTUU6H aa OT,na"ly MllUI6Hll, a CJI6,nOBaT6Jll>HO, ll B6nll"lli!Ha 

M~eT cpaBHnTI>CH, a HHor~ .n~e npeBSoitTu Barrll"lllHY nonepetiHoft ne-

pe,natiu UMDY1ll>C8 '/.L B iia6opaTOpHOM CUCT6M8. fd XOTR BR1Ia,IJ.hl B UHBapu-
1 -..J)o 2 -+z· 2 

aHTHYJO nepe,natiy liiMDyJil>ca - -c = 'l.L + 9,_ - 9o BpeMSHHOit H 
·npo,nOJil>HOft COCTaBJIRJOOlliX B, 3HatiUT8Jll>HOH M6p6 ROMTISHOliipy!OT .npyr ,DJlyra, 

000THOill6HH8 --/: = 'l_z Bh!DOJIHRSTOR H6 Bcer,na 0 HB06XO,nnMOH TO"l- · 

HOOTI>IO. Tpy,m!OCT:& 0 60Jil>lDUMJil 
1h MOJKHO npeo,nOJ16Tb, 6CJ1H TI6p6MTH R 

cucTeMe EpaftTa.o,mioit na tiacTnu. Ha-pHo. 5 npuBe~au pactieTu ru~ny1Il>o
Hwc Cll6RTPOB UpOTOHOB B. peaRUll.flX rTf-:;. pX 

·na puc. I,2 BH,miO, "lTD xoTn B cnytiae npouecooB A~Az .-.AtX 
P6JI.flTHBli!OTOI{ue a!fcf6RThl H H6 npeae6pe~IO M8Jlhl, OHI:I BC6 llt6 H6 li!3M6HR

IOT c.nMrumoro paHee arutmo'!eHrui o B03MOiKHOCTll Ha6.mo,l:teHrui · MIIoro.mntoii 
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PHC. 5~ v!MnyJlbOHhl6 Oll8RTPhl npDTOHOB B pea:r<Ull.flX ru-px. 
CWiolliHue JIHHIDI - HepElJIHTllBllOTORlle npn6.JnlxteHnH. IIITpiiXoBue -

c y-qe'l'oM peJLIITllBHOTCRoro CJitaTIIH a.zt:pOHOB. 

OTpyRTyphl B liiMllYJlbCHUX CTISR.Tpax J16rRliiX R,nep, pacce.RHHUX Ha 116rRliiX

SI,J:(6pHh!X MllUI6HHJC.B CJIY'IB6 1!6 a.zt:pOH-a.n;pOHHOro pa006HHllH (pl'lc.5), p6JIH

TllBllCTCR06 ylllliipeRue DliiROB OR83h!Ba6TOSl HaCTOJil>RO 6DRl>lDUM, "'TO CTPYRTY

pa CTISKTPOB llOJIHOCTl>ID 3a.Ma3UB86TCR. 

B 3aR11~6Hllll D8p8"lllCJ16Hhl OOHOBHR6 p83YJll>TaTU,-llD1IY"l6HHhl6 B ,I0:!0-

06pTantm. , 

I. B pa.MRax TeopHu MaoroRpaTaoro pacceRHHH npoBe.nea .rieTaJil>Hhlit 

aaaJIUa aaepreTutiecRHX oneRTPOB B peaRUll.flX Ad- A X • IIpone](eHhl pac-

"lSTI:l cetieHI:Iit B peaRUll.flX 
3 1-/ed-,lleX u "f!t.J_. Wt.X npu 

paamrtiHhlX saatiefrnRX nepe.naaaoro HMllYJII>oa. lloRaaaHo, ~To npu .nocTaToti

no 60Jil>lllliiX aaatieHHHx nepe.naHRoro liiMTIYJil>Oa ( ¥;· =tf/A ~ 0,5 ThB/o) 

ti6TRO npoRBJIRSTCR MHoronuROBaR OTPYKTypa HMDYJil>CHux onei<TpOB, "'TO OT

pa~aeT COCTaBHOH xap8RT6P B38JiiMO~HOTBY~ 06~8RTOB. 

2. PerneHa aa.na~a ytieTa ROppeJIRUIIii ueaTpa Mace B pactieTax cetieHHi1: 

llHRJ1103llBHUX peaRUHH. 

3. PaapadoTaaa T6XHIIRa paotieTa cetieHllii UHR11103HBHUX npoueccoB.o 

ytiaCTHSM J18rRliiX .R,nep. 

4. lfOOJ16,nOB8Hhl llMDYJil>OH116 OTISKTphl npOTOHOB ll ~ftTpOHbB, paOC6.fJH-,. 

nux aa reJIUeBoit MllUieHH. PacctiuTaau oetieHH.H npu paaawc .snatieaunx nepe

.naHHoro U!AllYJil>Ca. ilOR838HO, "'TO ytieT BC6X M6X8HH3MOB Rp8THWC CTOJIRHD

- B6HHH npe,ncRa3UB88T OJIOJKHYIO CTPYRTYPY .nJIR OTI6RTPOB 3TliiX 06~8RTOB. 

5. PaocMoTpeHhl peJl.flTUBliCTOKIIe a!f<];ei<Tu cJKaTHH B3aliiMo,neilcTBYIOlltUX 

o6~eRTDB. lloRaaaao, "'TO ytieT peMTUBUCTCRoro Ollt8Tll.fl npnBO.nHT R nepe

HOpMHpOBRe OCUl111Jl.flTOPHUX napaMSTPOB B3aliiMO,n6HCTBYIOmUX 06~6RTOB. ilplil 

a.npoH-8,DJlOHHWC B3allMO,n6HCTBWIX (OOCTaBHh!S CIICT6Mhl RBBPROB) peJIRTIIBH-' 
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cTc:Koe ylllllpeHRe pacnpe:neneH.Hfi no !fep.rn-mmynr,cy npuno.n;rrr R saMasliBa
llliiO cnolltHoit CTPYRTypu cneRTpon pacce.aHH!lx: a.n;Poaon. B ·cnytiae JKe SJ,JUl(}

n;nepaux:· nsa!1Mo;neficT1mi1 aru. aqiieRTu, xorn. u. ae npeaeelperuiMo Manu, ao 
nee lite He CU}lbHO II3!.1eH.IIIOT CTpyi<Typy cneRTPOB pacce.IIHHUX: . .a;nep •. 

6. B paMRax peMTUBnsonaaaoft Mo;neJlli MaoroRparaoro paccemum np(}
ne;nea aaaJrus ,JJ.aHHux: oel ynpyroM . IT p -pacce.aillm npu f. · ~00 ThB/c 
B UHTepnaJie nepe;nati IlMUYJII>Ca 01 022~ -/:. <.2,3?5 (ThB/c)2 c Ue]lbJO 
onpe;neneHim napaMeTpon noJIHonux q1HK~u nuoaa u nporoaa. llonytieao xo
pornee cornacue c HMeiOOlilMHC.II SRcnepfiMeHTa}lbHLJMH .JJ.8HHUM.I1. 
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