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OHllAH XAP.AKTEPHCTHKA PABOTil 

,AKTyaJII,HOCTI, npo6Jre_r,m 

B aTOMHliX smpax MOJ:'YT cyiqeCTBOBSTI,, a B B;D;epmvc nponeccax npo
stBJim'l,CJI MHOI'O.KBapKOBHe CHCT8Mll. ,uitfl 8TOI'O 8CTI, onpe.zteJieHHHe 8KCne.PH
M8HTa7II,HJ:l8 yxasaHHli. IIpe~e Boero, cyiqeCTByeT 60JI:i,moil K1I8CC TaK H8SH
BaeMmC .K,YMYJIJlTHBHHX nponeccoB B a.ztpoH-B;D;epHHX B38RMJ,It8i!CTBR!DC. l1x 06-

mett Ti8PTOI JmJI.lteTOH TO, TiTO OH:11 npoHCXO~T ,Ita7IeKo BH8 npe,IteJIOB .ztBYX
TiaOTJI'qHOff IGIH8MaTHKR (rra,n;aiwuill 8,IU)OH WIIOC HyKlIOH smpa). Hx He Y.It88TCH 
067,HCH:IITI,, 80Jlll Y'l:IITHB8TI, TOJII,KO B;D;epHoe g)epMH-,ItBmlt8H:118 HYK1IOHOB HJIH 

rJiay6epoBCit08 nepepacceHHRe IIa,It8!Iqero 8,IU)OHa Ha HYK1IOHax. IIpKXO,It:IITOH 
0Ti:IIT8TI,, TiTO IIa,IJ;amtHil a.ztpoH B3aRMJ,ItelcTByeT C KOppe.,mpoBaHHOil rpynnol 
HY.MOHOB, Maoca KOTopol lll)JmT ,ItOCT:llraTI, y-qeTBepeHHol M80CH HYMOHa. C 
.IUJYI'Oft CTOpoHH,- 9TH nponeccH ll,IIYT O 60JII,lllOI nepe.ztaTiel m.myJII.oa, TiTO 
I'OBO.Pl!T o M8JlHX pasMepax o6Jraorn BSaHMO.ztelcTBHH, r < 1 PM • BTopoe -
9TO cyiqeoTBOBaH:lle rJIY60KOHeynpyrmc JienTOH-R,ItepHHX BSSllMO,I:teilcTBltlt B 
o6JracTH IcyMyJUmraHOCTlt BWIOTI, ,ItO BTOporo noPH,ItKa. no cprumemm C a,n;
poH-H,I:t8pHHMH peaIW;WIMH, s.nec:i, SHaTi:IIT8JII,HO M8HI,fil8 Heonpe,I:teJI8HHOCTel C 
M8X8H:IISMOM nponecca, noeTO~ HHTepnpeTaUWI 9THX .namwx B8CI,M8 lfYBOTBH
T8JlI,H8 K IIpe.ztIIOJIOX8HB1IM O KBapK-II8J)'l'OHHHX CTPY.KTYPHHX \PYHKil;IUDC MHOI'O
.KBapitOBHX COOTOHHRI. ,nanee, IIM8IOTCH ,I:taHHH8 no qx:>pr,$1KTOpaM .nelT
pom~. ¾e, 4:He B o6Jracrn o'l:eHI, 60JII,lllKX rrepe.ztaTi IIMIIYJII>ca ( MJI 
.zte!TpoHa BWIOTI, .no Q2 

a 8 (I'aB/c) 2). 8TH ,I:taHHHe H8B03MOXHO 067,HC

H:IIT!> Ha OOHOB8 Tpa,Itlitll;IIOHHHX npe.ztcTaBJieHHil O HYK1IOH-HY.MOHHHX c:wrax 
:11 CTPYKTYP8 MaJioeyroroHHHX cacTeM. BHXo.zt s.nec!> TaKllte mIJYT Ha IJYTH 
y-qeTa MHOI'O.KBapitOBHX OTeneHel OB060,I:tH B H.ztp&X. H, H8KOHen, B noc-
Jl8,ItHRe I'O,I:tH nOHBHJIOO!, MHOI'O .ztaHHHX B o6JracTR c_plISRKR npoMeJ!tY-
TO'qHHX 8Heprna no B38RMJ,I:telcTBRD HYK.71'.0HOB C Hy.MOHaMR, 8,IU)OHOB 0 
.nelTpoHOM, q>OTopacmeIJJiemm .ztelTpoHa }I .np., B ceTieHHHX KOTOpllX 
IIpoJmJIJmTCH xapaKTepHHe' oco6eHHOOTH. 8To OTHOOlITCH K T8KBM BHTep
g)epeHD;IIOHHHM xapaKTe.PHCTmtaM, KaK nOJIHpnsan:wi:, SHaJ.llisnpymiM cnoco6-
HocT:i, n T • .zt., r.ne B o6Jraom nOJIHHX 1meprltlt E ~ 

O~U;!Jl t((:.illt:;;~ill!;--.;--y;:I 
2;.e:::!,i-'.t ~cc~tn~1,auili 

_ ~ib~E.m-tOTEH.A "•--•-Fl"l" JI ... ~..........._ 



2,2 TuB ll Bume no.flBJIJIDTcJI xapaKTepH!le "cTPYK1'YPll"• 9Tn noCJie~e 
CBJI31ffi8RlT C CyJ!l8CTBOB8HHeM TaK, Has1maeMUX .u;n6ap:iIOHOB, ~OJI 

np.RMllMll .KaIWmaTaMll Ha POJU, Ill8CTHKBapKOBUX ClICTeM. 
Bee 8TO npllBO.u;HT K TO~, "ITO TeopeTH"leCKOe lICCJI8,ItOB8HIIe CTPYK

TYPll MHOI'OKBapKOBUX COCTOJlllllil, 8HaJilI3 lDC npoJIBJieHHJI B JI.IU)8X ll JI.It8P
HUX nponeccax JIBJIJl8TCJI BaJKllllM lI aKTyaJI:&HUM. 

Ue.n:& pa6oTu.I. Paspa60Tai1, Teopmo cBJisn HYK7IOHHoro n meoTHKBapKOBoro 
KaHaJIOB B .n;B,YXHYK7IOHHUX ClICTeMax lI Ha ee OCHOBe pac_c"!HTaT:& npmrecll 
MHOI'OKBapKOBUX COCTO.mmil B aTOMHUX JI,Itpax ll mnpmru: Ill8CTlilKBapKOBUX coc
TO.mmil B HYK1IOH-HYK7IOHHOM paccemnm. 2. licCJie,ltoBaTI, CTpyKTypy lll8CTll
KBapKOBUX COCTO.mmil, paCC"llITaT:& cneKTp Mace .u;n6aPHOHOB. 3. licCJie,IJ;O
BaT:& nposmneH11e meCTlIKB8pKOBUX COCTO.mmil B peaKIJ;l!JIX C Y"l8CTll8M .n;eil
TpoHa: ynpyroM 8JI8KTpoH-.n;ettTpoHHOM paccemnm lI r.7IY60KOHeynpyroM pac
cemnm .n;ettTpoHOB npoTOHaMll. 

Ha:y'IHaJI HOBll3Ha ll npaKTH"leCKaJI Il81{IIOCT:& 

B ,ItliccepTau;im BrrepBue cqiopr,wJIHpoBaH. llHTeprrOJIJI~omntlt rro,ItXo.n;, 
Y"!llTlll3aIOOtllil CBJl3:E, H,YK7IOH-HYK7IOHHOro KaHaJia C meCTllKBapKOBUM. Ha ero 
OCHOBe rrpoBe.n;ellll pac"'leTll npnMeceil Ill8CTlIKBapKOBIDC COCTO.mmil B .n;ettTpo
He, lllHpmrn lll8CTlIKBapKOBUX pesoHaHCOB (,ItlI6apHOHOB) B "1ryKJioH-HYK1IOH
HOM paccemnm, c,neJiallll onemm rrpm,ieceil MHoroKBapKOBUX (.n;eBJITn, .n;Be
Ha.n;u,aTn) COCTOJIHllfi B aTOMHHX JI,Itpax. 

BnepBue npoBe.n;eHO .n;eTaJI:&Hoe llCCJI8.D;OB8Hll8 OTPYKTYIJU Ill8CTHKB8PKO
BHX COCTOJIHllil Ha OCHOBe TeopeTRKO~rpymroBOI'O no,ItXo.n;a H pacc"llITaH 
Cll8KTP MaCO .u;n6apnoHOB B 8HepreTll"l8CKOM lIHT8PBWI8 2,2 - 3,I raB. Ilpn 
8TOM paocMa.Tpl!l38JlllC:& KaK H8CTpamme IllBCTllKBapKOBUe COOTOJIHHJI B Ka

HaJiax O lISOTOllH"lecrom CllllHOM _I = o,r, Ta.K lI mecTHKBapKOBUe COOTO
JilllIJI CO CTpaHHOCT:&Xl 4- = -I C llBOTOIIWI80KIIM CllllHOM J = I/2. 06Hapy
l!t8HO, "ITO WIOTHOCT:& 9TllX ypomrnil B8JIII.K8 H, Hanpmmp, B K8HWI8 C I-=! 
lI C ll0JIOJmT8JII,H0:11 "'l8THOCT:&!O ,nocTHraeT BSJm'lmHU I/'25 M~-I. BMOCTO C 
T8M paO"'l8Tll YKaSUBaIOT Ha B031001Uto8 CyJ!l8CTBOB8HlI8 YBimX maOTH.KBapKO
BUX cocTOJIIDifi B P- , ])- BOJIHaX AN - cnoTeMll npn aHeprruIX E = 
= 2,I - 2,3 ThB. 

lICCJie.n;oBaHO npoSIBJieIDie Ill80THKBapKOBUX CT8ll8II8:11 CB060~ B sapa:
.ltOBOM ll KBa,npyllOJI!,HOM qiopMjiaKTopax ,IJ;eilTpoIIa B lllllpoKOil o6JmcTH rrepe
,ll;aHHUX HMrryJI:&COB Q2 ~ 6 (TuB/c) 2 , npll 8TOM OT.D;eJI:&HO paCCMaTPll
BBJllIC:E, ~KTll, 06yCJioB.1Iemme aHTllClIMM9T!)ll3axtaeit BOJIHOBOll qJYJlKI.UllI 
.n;efiTpoHa rro ltB8PKOBllM nepeM9HHllM lI BKJIB.n; HOTlIHHO IllOC'l'l!KBaPKOBllX coo
TO.mmit. Il0.K838HO, "ITO Y"l8T aHTllOIIMV.eTpnsan;mi: npeHe6pamn,.o MaJI ,Il;1IJI 

peaJilICTJ:I"leCKIDC BOJIHOBHX ~:11 p;efiTpoHa, a mecTHRBapKOBUe COCTOJI
HHJI lll'pam onpe.n;ElJIJDllzyl) po.1I!, B omioamm qiopt$U{TopoB npn 60JI:&l!IHX 
nepe.n;a-qax HMrryJI1>ca Q2-~ 2 (raB/c) 2• , 
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licCJie.n;oBaHa pea~ r.7IY60K0Heynpyroro pacceJilllIJI p;efiTpoHoB npoTO
H&m. )laH noCJie.n;oBaTeJI:&Hllfi aHaJill3 peaK~ii TaKOI'O Tllna. I!OKaSaHO, "'ITO, 
B036YJimeHHe HYK7IOHHUX peSOHaHCOB B MmlISHll C noCJiep;ymntM me pacna.n;oM 
(pesoHaHCHllil: MSXaHHSM) He IIOSBOJIJieT O!IlICaT:& ce"<IeHHe 3TOil peaKu;im. 
BnepBlle noKa3aHO, "'ITO KBaPK-IIaPTOHHllil M8XaHlISM BocnpoHSBO.u;HT OCHOBHlle 
saKoHoMepHooTH dp--,dX pea~, npH aTOM Y"!eT mecmKBapKoBOtt np11-
Meon B ,ne:liTpoHe npnBO.u;HT K yJiy'!IlleHlIIO corJiaClIJI C SKcnepm~eHTOM. 

Anpo6amyt pa60Tll, PesyJI:&TSTll .u;HCCePTSIJ;lm H80,ll;HOKpaTHO ,ll;ORJia.n;UBaJIHC:& 
ll o6CYJimaJilIO:& Ha ceMHHapax la6opaTOPlm TeOpeTll"'leCKOtt qJHSHKII 06~e.u;n

H8HHOro HHCTHTYTa H,D;epllllX lIOCJie.n;oBrumll:, a TaKJKe 6wrn rrpe~CTa:s.,1e1w ll 
.D;OK7Ia.n;UBMHCb Ha MeJKJtYHapo.n;ma ceMmiapax no qlllSHKe BllCOKlIX 8Heprnil 
(.]Jy6Ha, I978,I98I r.r.), Ha MelR,l(Yllapo,IJ;HoM ceMHHape no aKcTpeMaJil>HUM 
COCTOJIIDIJIM B JI,Itpax (,lijles~eH, !980 r.), BcecoIDSllllX KOHIIl8PeHimJIX rro 
JI,ItepHott crreKTpoOKOllllll n CTPYKType H,nP8 (Pllra, !979 r. lI KneB, !982 r.). 

Ily6JIHKamm. rro pesyJibTaTaM .u;nccePTamm orry6Jin.KoBaHo ceM:& pa6oT. 

06~eM pa6oTU. ,lll!coepTa]lHJI COCTOlIT HS BBe,IJ;eHlIJI, "'l8Tllpex rJiaB, saK.1IIO"<Ie
™• .n;Byx np:wxOJtemrlt. 06~eM ,ll;llCCSPTamm - I3I CTPaHHIJ,l M811IllHOllllCHOI'O 
T8KCTa, 22 pnO,YHKa, II Ta6JIHn. C!IlICOK 6n6Jinorpaqnm co~ep.'KHT IOI Han -

M8HOBa!il'.le. 

COJIEPJKAHHE PAEOTll 

Bo BBenemm o6oCHOBaHa SKTyaJI:&HOCT:&·TeMll .u;nccepTau;im, cqiopuyJIHpoBa
Ha neJI:& pa60Tll, .KpaTKO ll3JIOllteHO cop;epxrume ,ll;llOCePTamm. 
IlepBWI rmma ,ll;llCC8PTal.llm IIOCB/!lll8Ha TeopeTH"'leCKOMY OllllCaHll!O mecTHKBap
KOBUX Koajm'ypa~tt B .n;BJXHYK7IOHHUX CllCTeMBX. 
B § I cqiop1qJIHpoBaHa nocTaHOBKa sa.n;a'lll. B § 2 nocTpoeHa MO,ll;eJI!,, Y"!ll
TllB8JlllaJI CBJIS:& MHOI'OKBapKOBOI'O B H,YK7IOHHOI'O RaH8JIOB B JI,Itpax. 3a,na"<Ia 
CTBBHTCJI TB.KHM o6pasoM, "!TO K BSB8CTHOtt H,D;epHott BOJIHOBOtt ~ C 
pasMopoxemnn.m TpeXKBapKOBllMl! K1IaOT8pa.Ml! - IryK7IOH8Mll .n;o6aBJIJieTCJI 
8lll8 MHOI:c>KBaPKOBaJI, COOTBeTCT:ayDllM pacnpep;e.nemno KBB.PKOB mryTpn e,u;H
HOro o6i,eMa (MHOroKBapKOBOI'O MeDIKa), KOTOpaJI qiopMHpyeTCJI MHKpoCKOllll
"'l8CKKM KBB.pKOBHM BSlutM<l.n;ettcTBHeM V '}.'l,, , nsBecTHllM :as qlllSBKH WieMeH
Tapma: 1180Tllll;. Bsammoe BJIHJIHll8 8TBX .n;Byx KaHaJIOB orrp8,ll;eJIJl8TCJI KBSPK
Iry.KJIOHHHM B3am.t:>,ItettoTBHeM, KOTopoe CTpOHTCJI Ha OCHOB8 onpe.n;0Jiemmx 
MO,IteJI!,HllX rrpe.n;rrOJIOJteHllil~ B CJIY"l88 ;rI;HYX BSam.fO.n;ettcTBYJ(lltHX IryK7IOHOB 
BOJIHOBM qJYllKD;WI CHCT8Mll BM88T mt.n;: 

'P = A ( ¢,q y{r)) + L>, C>, 'f>- ( q,6), 
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s.neo1, t>. - codoTBemw:e ~ meOTHRBapKOBOI ( (J,.6 ) Ol!OT8MH ( B 

KOHRpeTHOI MO,Tl;eJm - rayoiOBOKl![e ~ 0 P8,ItRYOOM CJ, 'J, - BSWIMO,ll;ett

OTBllli IIO.PH,Itl(a 0,5 iiM ) , °A - OIIepaTop aH'I'lilOl!MMBT,PHSaD;lm KBaPKOB.., 

IIpmtSMezanna: pasmtM MaOTepmtM ~ ¢, H <P:i • AMwmTy,1l;H 9,,6 
- OOOTOmm! C). lI ~ OTHOOlIT8JII,HOro ,Tl;Bmltemm: HyK1IOHOB <f ( r) 
onpe,Tl;eJim>TOJi RaK pememm: oBOTeMH o:as:sammx ypaBHem 

[ 
t,'- d2 1 

-2mdr2 + U- E_. r(r) = - ·~ c:.). D;.(r), 

-c>.(E>.-E) = ]drr(r)I>/(r). 

8,n;eo1, E.. = E - 2 M , m = M/2 ..:. II,PHBe.neHHrur mooa HyK1IoHo:a. Bsau-

MO,ll;eloTBBe M8lfJJY .KaHaJlaMH OOYIIteOTBJUieTOJI MaT,PlI'IHHM eJI8MeHTOM 

15>- = ( Er E) < 4>, <1>2 } 'fA> + < '4 '41 v1N I t>.). 

B a.,zy,me 0JlTOr0HaJl:&HHX .KaHMOB J5). onpe,Tl;eJJJieTOJi TOJll,ltO BTOpm.! 0Jlara-

8M!,1M. BsaHMO.nettoTBBe V 9,N s~aeTOJI RaK pasHoOTI> KBapKO:aoro :asam.ro

.nettoTBllli 9/- OHOTeM!l Vii = lj.c,V'l,'l,(iJ)B ql8HOM8HOJIOI'lN80KOro NN 
-:asaHMO.ne:ttoTmm: :a od.7.laoTB BHe RO pa NN - OR1I: 

v= e(r-ra.)(VNN(r) + .t.
1
Vn(i,j) + J:. y .. Q (i,j)), 

~= 1.,j=-, rr 
T.e. v.,,N = Vn - 1T • IIpo:ae.neHo HOOJl8,Tl;ODaHK8 IIOJIYlleHHo:11 Ol!OT8MH 

ypmmemtll: H BXO,Ital!ll!X :a Hee eqq,eRTBBmoc: :asam.m.neffo'l'BIIi. 

B § 3 paootmTaHH II,PHM80H '/, S - OOOTomntlt B .nelTpoHe • II.PH BTOM HOIIOJll,-

SOBaH TOT ~, ll'l'o I c >-1 2 <'..< i . Tol',Tl;a npa:arur 'lfflOTI> nep:aoro ns ypa:a-
Hemtll: IIpeHedpeJB:HMa MaJia, a OaMa OBOTeMa ypamremnt paOllle:wm:eTOJi. 

Tenep1, 'f( r) 80TI, OdHlmM ~ .neiTpoHa, ltOTOpa!I OIIpe,ll;eJJJieTOJI sa

,Tl;aHll8M qieHOM8HOJIOI'H1leo1t0ro peaJ!HoT}ItleoKOro noTeHitHa.na V Nii/ • B KOH

KpeTHHX paolleTax: dwm lIOIIOJll,SOBaHH IIOT8H~WIH Peitrta O TBep,ItHM KOpoM, 

JioMoHa--4iem6axa li Xml.TeHa. ,ll;)rH mecTwc:aapKOBOH KOH~ 

o KBap.ItaMH B 8 - odOJIO'IIRa dWio IIOJIYll8HO: (! ( 8 6) • - 0,37 (lml,-
T8H); - 0,!47 (PeitJ:t); - 0,!32 (JIOMOH-4emdax) B TO :ape1m, .Kalt .MJI 

s4 p2 
- KO~a~ C (s4p2)= 0,26 (lll7II,TeH); 0,2! (Peitrt), O,IB 

(JIOMOH-4emdax:) • 3Ha-qemi:e OywilapHol :aepo.irrHOO'I'lil ,ItByx KO~ . 

(12 = (!2(S6)+ a2(s4p2
) = 6,6•f0-2 oorJiaoyeTOSI o P8SYJI:&TaTOM odpadOTKl:I 

.nammx no YIIpyI'OMY eD- paooeJDmD. 

B § 4 paOO'IIHTaHH DIH,PHHH meoTHKBapKOma: OOO'l'ommff D HyK1IOH-HyK1IOH

HOM paooemnm. 0RaSaJJ:OO:&, 'IITO Dmpmta ,P830HaHoa I' SaB:IIOHT OT TBIIa 9,6 

- KOHqi:arypaD;im I a HMSHHO ,MJI 8 S - OOCTOJDmS: f ( S €) a 29 MaB 
1 
~ 

s4p2 - OOOTOJIHWI f7(3~p2) = 9,3 ~aB • 
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B § 5 C,Il;eJiaHH O~HKl:I IIpmreOH MHOr0KB8pKOBWC ( 9,9-) 9, fa_) 
COCTommtt B JJ.lU)aX. Ilpe,ll;IIOJiaraeTOJI, 'IITO IIpltM8CH CA (A.:: 33 t,,) orrpe.ne

JJJmTOJI, rJiaBHUM o6pa30M, rrepeRpUTlleM BOJIHOBOit lWHKlJ,l.m CJ, 3A -COCTO

JIHIDI ll BHe!llHett A - HYMOHHOit ipyH.Iw;im: 'f' tt . Hrumemme SHalleHWI 

I c A I .2. corJiacyJOTOH o ,naHH1,lMll, IIOJIYlleHHID,m: ns aHrumsa aKcIIepRMeH

TaJII,HHX ,Tl;aHHHX IIO KYMYJIHTRBHO?,\V po~emm '18.CTlll\ B IIpoTOH-JJ;IJ;epmrx: 

coy,napemrax:. 

B § 6 cqx>,PMYJIBpc>Baim OCHOBHHe BW30,ll;H nepBOtt rJiaBli. 

Bo BTOpoit rJia:ae ,Il;aH TeopeTBlleOKHit aHaJIHS OIIeKTpa meCTIIKBaPKOBUX 000-

TO.mmti B l!HT8PBB.7!8 2,2 - 3,I I'sB, B KOTOpoM B8,Il;8TOJI lIHT8HCHBHliit 

IIOHCR ,ItH6SpltOHHWC pesoHaHCOB. 

B § I Cql()p.!yJilip0BaHa IIOCTaHOBRa sa,na'lll. 

B § 2 llCCJI8,Dy8TOJI CTPYKTJpa BOJIHOBUX qiyHKIJ;l!I meCTHKDBPKOBUX 

COOTommtt. OcHOBY paOOMOTpemm OOCTaBJUI8T TeopeTRRO-rpym:IOBOit IIO,Tl;

XO,ll;. IIPH 3TOM llOCJI8,Il;OB8JlaOI, CTPYKTJpa HeCTpalllllDC meO'I'lilKBapKOBUX 

cocTommit o 11s0Tolm'leo.KHM cmmoM I = O,I 11 cTpammx: ( -:1. = - 1) 
o J = I/2. 

B § 3 npo:ae.neH paclleT crre1tTpa Mace ,ItH6apnoHoD Ha ocHoBe MIT 8cig. 
MO,ll;eJIH. OoHOBHO! pesyJII,TaT SrutmotiaeTOJI B TOM, 'ITO IIJIOTHOOTI> rueOTII.KBap

KOBUX COCTOJDmit B8JilIKa H, mmpm,rep, ~ COCTOmmtt IIOJIOJmTeJII,HOit ll8T

HOOTH C J == 1 OHS OOCTaBJl/l8T I/25 MaB-I. Cpe,Tl;Hee paCOTORJm8 MB'IQIY 

ypoBWIMI! COBim,Tl;8.8T IIO IIOPJmRY B8Jm'lllHli C lDC nmpmiru.m: pacna,na B HYK

JIOH-HYK1IOHHW! .KaHaJI, 'IIT0
1 

IIO-BII,D;m,fO?,\V, JIBJIJl8TOJI OOHOBHOit Tpy,ll;HOOTI,lll 

IIPll IIORCR8 HSOJmpo:aaHHUX ,ItH6a,PHOHHWC ,P830HaHOOB. BM80T8 0 T8M, OII8K

Tpli OTpaHHHX q,6 - OOOTOJIHlltt IIO Cpamtemm 00 OII8KTpaMH H80Tpalllll,IX llM8-

lDT PJJ;IJ; oco6emmcTett, :a -qaoTHooTH, :a P- , D- napIJ;HM:E,HUX BOJIHaX AN 
-OHOT8M!l m.EJlTOJI HSOJmpoBaHHHe ypomm t KOTopue !fiOryT dliTl, ~Ta

Mll Ha poJII, ysIGDC ,ItHdap110HoB :a !tN- onoTeMe. B RalleoT:ae MJilDOTpaDim 

Ha pltO. I IIpltBO,ll;8ll paolleT CIIeKTpa MaOO CTpalllll,IX ( 4 "" -I) ,ItHdapltOHOB 

a I • I/2, ROTopue MfY!'YT IIpoJIBJIJIT1,0JI :a KOHKpeTHHX napn;rraJII,HHX BOJI

HWC /IN - CHOT8W. CIIJiolllHlie JDmmI COOTB8TOTBYJ)T OOOTOJnmJIM O M8HI,lll8it 

nmpltHoit H JIBJIJmTOJI dOJiee peaJII,JWMlI .KaH,!OI,Tl;aT&m: :a ,ItHdaPHomme peso

HaHCH. 

B § 4 IIpltB8,Tl;8HH OOHOBHlie BHBO,ll;H BTOpott rJiam.l. 

B TpeT1>8I rJia:ae HOOJ18.DY8TOJI IIpoHEJieime meonmsapKO:aott OTPYK'l'YPH 

B sapJJ;ll;ODOM Fe. H .KB8,IUlYII0JII,HOM FQ qiol)Mf,aKTopax: .nel.TpoHa. IIp:e: 

3TOM Mli HOIIOJll,SyeM MO,ll;eJII,, paSBliTYJO B IIep:aoa rJia:ae, KOTOpa!I IIPH Ma
JIHX Q2 (KBa,JU>aTax: nepe,ItaHHoro 4-mmynca) .nonyoRaeT o6U'iHyl) .ll:Byx.HyR

JIOHHYlll HHTepnpeT~ .nettTpoHa, a II.PH 60Jll,IIIHX Q2 oIIe,PHpy8T O ;n;etlTpoHOM 

RB.KO meonimapROBl:lM o6~8RTOM. 
B § I cqx>p.!yJmpoBm!a llOOTaHOBRa s~aim. 
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Pl'Io. I. CneKTp MBOO OTpaHHHX (4=-1) 9,6 - OOOTosmd B nap

D:H8JlliHHX llOJIH8X AN OKOT8Mll. 

B § 2 KOOJI8;oyeTca BK71~ B <Ix>PMl>ru<TOPH ,It8ITpoHa, odyOJIOBJieHHHit 

BHTHOl!MMeTPK8BD:H81 BOJIHOBOI qJYJUmjm ,IteilTpoHB no KBSpKOBl,IM nepeMBHHHM 

(Ff, Fl) des y,1eTa_ meoTHKBapKOBHX npm,eoel B ,iteilTpoHe. Ilo.KasBHo, 

"t!TO ',iina peaJIHoTH"tlBO.KHX BOJIHOBHX cIJymaJ.111 (Peit,It o Mlll'KHM KOpoM- 'RSC , 
Pel.It c TBeMHJ,{ KOpoM - RHC ", napac.KBR BOJIHOBM ~ - P ) OH 

MaJI :a: ero BK71~ B oe"'ieHHe ynpyroro eD - pacoeJUmR: oocT8l!JIJI8T HeOKOJII,

KO npoD13HTOB ( PKO. 2)·. 
B § 3 KCOJI8;oyeTca B.K7I~ KOTKHHHX meoTHKBapKOBHX oooTOJIHl!il B ,It8il

TpoHe. Ilo.KBSBHO, "'!TO 9,6 - COCTOJDD!tll HI'~ onpe,It8JlJDEtYI) pew, llPK dOJI1,

llIHX nepe,ItBHHHX 1™lIYJU,OBX ( Q2 > 2(r~[Vc)2). 8To BMIOOTPKPY8T011 HB 

PKO· 3, r,Ite no.KaSBH pao"'ieT B Opa.BH8ml8 O 8KOll8pm.t8HTOM ~Ta 8.718K

TPK"'l80KOro qiopMf,aKTopa F/ = Fl' + Frf • Hs YOJIOBJIJI corJiaOBJt c exone

pm.reHTOM onpe,It8JI8HO SHB'l8HH8 llpm.18011 'J, 6 - OOCTOJDml{ B ,IteilTpoHe., c2= 
= 0,07. 

B § 4 npKB8,It8HH OCHOBHH8 pesyJII:,TBTH TP8Tli8il rJIBBH K BHBO,ItH. 
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llORBSHBanlt88 OTHOOHT8.lll,HHlt BM~ 

odMBHHHX nonpBBOK B C8"'18HK8 ynpy
l'Ol'O eD - . paocemm.11 MK BOmioBHX 

<WHKD:HI: p (CWIOIIIHWI). 'RSC (nyHK
TKp) K RI-IC (mTpmc-nyHKTHp) 

.. ,,. 
:,• F/( np .6q+int l 

·y-:-.. 
~ ' 
\ ~-

RSC 

\ . 
\ ~-~ F/(np.6q l 

\ -~ 
' \ 

' ' ' ' ', 
F.Ez (np l ', _____ _ 

--
L q 2 (f3B/c 12 

, . 
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PKo. 3. 
Pac"'ieT K cpaBHeim:e a exone

pmreHTOM ~TB 8.718KTPK

'18CKOro qx>pMp!lKTOpa 

Ft= Fl + FJ • IiymtTHp-

des y,1eTa q,6 -KOH~ 

OWIOIIIHWI - 0 y,18'l'OM CJ,6 -KOH

<fml'Ypand, HO des y,18TS HH

TepqiepeHD:HK MBW ff, 6 H NN 
KBHaJiaMH, mTpHX-IIYHKTKP -

0 y-qeTOM (J, 6 - KOJ$n'Ypa-

D:HI H HHTepqiepeHD:HK. 

B "'i8TB8DTOft rJIBB8 npoBe,IteH T80peTliN8CKKI BHBJIJ!IS rJIYdOKOH8ynpyI'O-; 

l'O paooeJIHWI ,IteilTpoHOB npoTOHSMH. 8KOll8PKM8li'l'BJil,Hl:l8 ,ItBHHH8 6wm no

Jly,18HH Ha oKHXpoqiasoTpoHe OWIH B rpynne M.r. Me111epimoBB • .ItelTpomt o 

m,myJU,OOM Po .. 8,9 I'eB/o paooeHBa.1llloh HJU)BMH B0,1topo,1ta·no,1t yrJIOM 

9 .. 0,103 pa.it, TSK "IITO ~T npoO'l'paHOTB8HHOI "'iBOTK nepe,ItBHHO-

l'O m.m:ynoa .itooTlll'WI BeJIH1DUIH cf-2. = I,6 (I'eB/o) 2• CneKTPH .itelTpo-

. HOB mrem "'i8'l'KO BHpalteHHHit nKK, COOTB8TO'l'BYJ]llm1 ynpyroM3" cl,.opaooemmI>. 

Blmo o6HapyzeHO. '?TO O pooTOM 12 08"'18Hll8 6HO'l'po y6HBB8T. O,ItHBKO. 
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Hainmrui: C 12 = I (I'aB/c)2 y6UBaime np8Kpa!Ila8TCJI R cneKTpll BHXO
,ItltT Ha WiaTO, Ms aKcnepm.teHTa, Ta!GIM o6paaoM, lll!,W:IO, 'ITO "pworrui:" 
R,Il;8pHM CHCT0Ma-.n;eil'rpoH C 6om,mott B8p0.llTHOCTI>IO TepJieT 8Ha'llITeJII,mnl 
m.myJII,Q R npn STOM H8 paC!ll8IJJIJi8TCJI Ha JIYMOHH, TeopeTll'l80Kltlt aH8Jlll8 
STOI'O ipaKTa R COCTSEJ!H8T co.n;epJKaHRe 'l8TB8pTOtt rJiaBli ,nn:ccepirall;lm. 

B § I cqiopMyJIHpoBaHa nocTaHOBKa aa,n;a'lll, 
B § 2 lI § 3 lICCJI8,Dy8TCR p830HaHCHHil M8XaHll3M rJIY60KOHeynpyrmc 

pp...,pX n clp-dX peaKIJ;1I:l1, T,e. MexaHH8M, KOr.n;a B pesy;u,TaTe MHO
roKpaTHoro paccemm.R: KBapKOB HaJI8TEW!l8tt 'ffiCTH~ ll 1.mmeHH B MmJI8HH 
B036YJK,!(ruoTCJI HYKJIOHHll8 pesoHaHCli, pacna,n;aunnecR B HSPSrHCTpHpyeMhlli 
KaHaJI X • Ilpn aTOM Y'll!THBaeTCJI BOS6YJK,!(eHHe 'lerupex pesoHaHCOB: N,4;0 , 

N
1
J

20 
, N,!3, , . N,}go • PaccMOTpeHHe § 2 ocHoBHBaeTCJI Ha Hepe-

MTHBllCTCKOtt KBapKOBOtt MO.n;eJIH, B § 3 RCilOJII,SOBaJillCI, peJI.l!TllBllCTCKll8 
BOJIHOBlie ipyHKIJ;IIll HYMOHOB ll JIYMOHHliX peSOHaHCOB, pacctmTaHHH8 B 
MO.IJ;8JIH peJIRTllBllCTCKOI'O rapMOHlI'i8CKOro OCnwIJIJITOpa. 0KaSaJIOCI,, 'ITO llC
IlOJII,30BaHll8 peJIRTHBllCTCKllX WYHKUl!tt npHBo.n;n:T K CllJII,HO:lt nepeHOpMllpoBK8 
napaM8Tp0B aMIIJmTY.n;ll KBapK-KBaPKOBOro BSam.D.n;ettCTBllR no cpaBHeHPIIO C 
HepeJIRTHBllCTCKliMH, 0.n;HaKO B llTOre pac'leT npnBeJI K O.n;HOMY pesyJII>TaTY: 
BKJia.n; pesoHaHCHOI'O M8XaHll3Ma MaJI ll COCTSEJIH8T MeH08 40 %. 

B § 4 HCCJI8,Dy8TCJI BKJia.n; H8P030HaHCHliX nponeccoB. Ilpe.n;nOJiaraeTCR, 
'ITO OCHOBHOtt BK1I8,II; B C8'l8Hll8 .n;aeT ynpyroe pacceRHRe HaJI8T~ett 'lac
Tll~ KBSPKOM Mlllll0Hll, IloKa8aHO, 'ITO TaKott M8X8Hll3M BOCilpollSBO.n;RT OCHOB-

HH8 saKoHoMepHOCTH rJIY6oKoHeynpynnc PP-"fX n df _,., dX - peaRU1Itt, 

I 
I 

,:r,__,_ _ _,_ _ _,_ _ _,__J_ _ _,__,_. 
2P t,8 l.6 \L 1.2 M_r. r38/d 

Pllc, · 4, 

Pac'leT ll cpaBH8Hll8 C 9KCil8pnM8H
TOM ,nn:qxlepeH!l;l!aJII,HOI'O Ce'leHRR 
d p ....., d X peaRU!Ill, llyHKTnp -

688 ytieTa llplIM8CH 'J, 6 - COCTO
RHR:lt B .n;eil'rpoHe' CILlIOmHM - C 
ytl8TOM, c 2 = 0,05, 

Ha pnc. 4 IlPllB8.IJ:8H pac'leT lI cpaBHeHIIe C 8KCil8pll:M8HTOM ,nn:gqiepeH
I{llaJII,HOI'O cetreHRR d p _,, d X peaKIJ;IIll, BH.n;Ho, 'ITO ytieT 9- 6 - npm.recn B 
.n;eil'rpoHe llPllBO.n;n:T K YJIY'llll8lllll0 corJIBCM C 9JWil8pllM8HTOM, 

B § 5 npRBe.n;eHH OCHOBHH8 BHBO.I(ll 'leTBepToil rJiaBil, 
B 38KJIJ)'l8Hllll np:rme.n;eHH OCHOBHH8 BHBO.I(ll, B!l,ltBlil'88Mll8 Ha SantaTY, 
B IlpWioJKe:mm A ormcaHa Te:ximKa reHea,'IomecKHX KOaq$Ul;U8HTOB R 

pac'leT BK1I8,ll;OB OCTSTO'lHliX B38RMO.n;e:l1CTBlli1 B MaCCil q6 -COCTOmilili, 
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B IlmptOJEeHllll B HCCJI8,Dy8TCJI CXO~CTI, pJI.I(OB, llOJIBJimJ!tWCCJI 
npH Bli'IHCJI8Hm! 06M8HHHX nonpaBOK K \POPMliaKTOpaM .n;e!TpoHa. 

00HOBHH8 pesyJII>'l'aTli JIBOC80TaIIHH 1 BWifil!I'a8Mli8 Ha sanmcy 

r. Ilpe~0Jlt8Ha OHOT8Ma ypamieHH:lt CBRSaHHHX lt8H8J'IOB, ~ 
JIYKlIOHHli:lt H KBapKOBH:lt KaHaJili. Ha ee OCHOB8 Bli'IHOJI8HH llplIM80H meoTH
KBaPKOBHX OOOTOJmitlt B .n;elTpoHe, IlOJIY'l8HH08 3Ha'l8HH8 B8poRTHOCTH 
(~ )corJiaoyeTCJI C BeJill'llIHSMH, H8BJI8'l8HHHM:ll: HS aHaJIHaa 9KOil8PHM8HTaJil>
HliX .n:ammx H ,m>yrm,m pac'leTSMH. 

2. B paMR8X ypaBHemtlt OBRSamoot KaHaJIOB Bli'll!OJI8Hll IIIHpmili meoTH
KBaPKOBliX ooc~omntlt B NN - KaHaJie. Pao'leT, mmOJIHemm:lt ~ s 6 :e: 

. Sl,p2. - KOJtqm'Ypall;l!ft,npneJI K SH8'l8HHIO r ::::- ID-30 MaB, 

3. C,It8JI8Hli O~HKI!· IlpllMB081 MHoroKBapKOBHX ( 9,9-, i'! )oocTomntlt 
B R,Il;PSX, Ilo.ny'leHHUe SHa'leHruI BepoRTHOOTel oorJiaOYJ)TCS{ 0 .D:aHHliMI!, no
JIY'l8HEWMH HS aHaJIHSa 9KCil8plIM8HTOB no Icy'MYJIJITHBHOMY p0.llr,It8HHI) 'laCTlm 
B IIpoTOH-R,Il;epmIX CTOJIKHOBemmx:. 

4. MOOJI8.I(OBaHa CTPYKTYP8 OIIeKTpa meCTllltBapKOBHX OOOTomntlt, KaK 
H80TpaHHHX, TSK H OTpaHHHX ( -i. = - f) , IloKaSaHO, 'ITO WIOTHOOTI, mec
THKBaPKOBHX ypoBHel BeJilIKa, ope.n;Hee paCOTORHll8 Mell,Ity ypoBHJIMH llOJIOJm
TeJll,HOft 'l8THOOTR o HBOOIIBHOM I= 1 , HanpHMep, oooTann:JieT 25 MaB. B 
TO Z8 BP8MfI B OHCT8M8 OTpaHBHX meoTHKBapKOBHX OOOTomntlt B o6JiaoTH 
aseprmt 2,I - 2,3 BOSMOJltHH H30JIHpo:aamme KOHqm'YpaI:Um, JIBJUDlltH80JI 

KaH,ltrl;D;aTaMH Ha p0JII, yama: .n;:e:6aIJHOHOB B /tN - OHOT8M8, 

5. MoOJie.n;oBaa BMa,u; mecTllKBapKOma: oTeneHel OB06o.n;u B aapsr.n:omtl 
H KBa,u;PYIIOJ!I,Hd \PQPMpaK'l'OPH .n:elTpoHa, IlOK83aHO, 'ITO: 

a) BMa.n; B \POPf4aKTOPH, o6yOJioBJiemm:lt aHTHOBMM8TPJl8Sll;l!81t 
BOJIHOB01t <WHRUIIll .n:elTpoHa no ICBaPKOBHM nepeMeHHHM.,llpeHe6peEHMO MWI 

B IIIHpoKOI o6JiacTH nepe,ttaHH!,IX mmyJII:,OOB Q 2 ~ 6 (I'8B/o) 2 • 
. · 6) llPH Q2 ~ 2-3 (I'aB/o)2 onpe,It8JUDll{yJ) p0JII, IIPH Olll'!OaHHH 

qiop$KTOp0B ,11;e!TpoHa J!I'pallT meoTm<BapKOBHe llPJIM80H, B.Ma,u; HHT8p(p8P8H
I:Um meoTBKBapKOBOro H HyMOHHOro KaHWlOB MaJI, 

6. HoOJie.n;oBaHa peaKIJJIR rJzy6oKOHeynpyroro paooeJIHIIJl .n:e!TpoHoB 
npoToHaMII dp--,dX • IIoxaaaHo, 'lTo: 

a) peSOHaHOHHlt M8XaHH8M He MOZEIT IIOJIHOCTI,JO on:e:oaT:r. f p-f X 
H dp _,, d X peaxnim. . 

6) KllaPK·ll8.P'l'Omndt MeXaHHSM BSa:IDIO,ItelCTBJr./1 BOOIIpoHSBO,ItHT OC
HOBHli8 88ltOHOMBPHOOTll peaKI:ld pp--,fX H dp ""'dX 

:s) Y'l8T npmteOH meOTBKBSPKOBHX OOCTO.mml B .n:e!TpoHe llJll[BO,ItHT 
K YJIY'llll8HHll OOI'JI80lilll O 8KOII8pllMBHTOM, 
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