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1. BseAeHHe 

HccneAosaHHe nponeccos ASOAHoA nepeaapHAKH 11 -M930BOB npH CTOnKBOB9BHB RX C 

HApaMI! n03SOllH9T nony'IHTh HH<I>opMaAHIO 0 B3HHMOA9llCTSHH 3SpH>K9HHbiX H H9llTpBllhHhiX 

W -M930HOS C HyKllOHHMH HApa. 3HaHH9 M9XHHH3MH TaKHX peaKllHll n03BOllHT CA911STh He-

KOTOpb19 3HK1110'19HHH 0 CTpyKType HA9p, ABCT S03MOlKHOCTh nony'IHTh AOnOllHHT9llhHbl9 CS9-

A9HHH 0 pacnp9A9119HHH HA9pHOil nnoTl!OCTH H 3HPHAH no HApy, n03SOllHT npos9CTH H3Y'I9HH9 

KOpp911HilHll OAHOHM9H HO 3SpH>K9HHbiX nap H)'KllOHOS H HCC119AOSHTh S030Y>K.U9H119 nOAOOjlbiX 

H30CIDIHOSb!X COCTOHHHA. PeaK!lHH ASOilHoll nepea apHAKH MOryT Ob!T h HCnOllh30SHHbl AllH o6 -

pa30SHHHH HOSb!X nerKHX HA9p C H30b! TKOM uellTpOHOS HllH npoTOHOSo 

3aAB'Ia o Asollaoll nepeaapHAKe rr -MB30H8 B H8CTOHIU99 Bp9MH 1 O.D.H8.X0 1 He MOJK9T 

Ob!Th TORBO peweaa, H no3TOMY UpHXOAHTCH noxa orpaHB'IHSHThCH nonbiTKBMH BaATH XOTH 

Ohl npuonB>KeHHoe peweHue, o npasun&HOCTB KoToporo MO>KHO 6yAeT cyABTh H3 cpasH9HBH c 

axcnepHM9HTSllhHblMH AHHHbiMH. 

B aacToHmee speMH ASOAHYIO nepeaapHAKY W -MS30HOS Ha HApax S llHTepaType llHOO 

paCCMHTpHSSIOT S np9AnOllOlK9HHH, 'ITO aTOT npOil9CC UpOHCXOAHT HH KOppenHpOSSHHbl X KOMn-

119KCHX H y xnoHos sHyTpH HApa ( aTo MO>KeT ObiT& napa Hyxnouos, 'IBCT& HApa - RanpHMep, 

a -KllHCTep' - HllH BC9 HApo), llHOO C'IH THIOT, 'ITO ASOllHaH nepeaapHAKH npOHCXOAHT ny-

TeM IIOC119llOB8T911bHblX B38HMOll9fiCTBHA rr -Me30H8 C HYKIIOHBMH B HOpe. 

TeopeTH'Iecxne paooT bi, nocsHmeHHbie uccneAoSaHHIO npoueccos Aso.Aaon nepeaapHAKH 

" -Meaoaos sa paanH'IHhlX HApax MO>KHO ycnosuo pa3AenHTh no 3HeprHH nepBII'IH hiX Me

aoaos sa o6nacT& MBllhiX ( 10.;.40) Mas H oonacT& SbiCOKHX (oT 40 AO aecxon&KHX coTeu 

Mas) auepruli . 

B oonacTH HH3KHX aueprull pac 'I9Thl nponecca AsollaoA nepeaapHAKH " - Me30HOS 

/1 2/ 
OCHOB8Hhl HIIH HB IIOCTp09HHH OIITH~BCKOrO IIOT9HUH8118 1 

1 BnH HB HCII01lb30B8HHH T90pHH 

/3/ 
S03MYII!9HHH ( npH'I9M S paC'I9T9 Y'IHTblSH9TCH TOllhKO OARS AHarpaMMa, AHIOll!HH HHH60llh-

WHil SKllHA ) . 

XapaxTepaoll qepTotl scex pa6oT, nocsHmeaa&IX TeopeTH'19CKOMY paccMoTpeHHio npo-

necca Asotlaotl nepeaapHAKH TT -M930HOB 88 H,llp8X B 06118CTH B btCOK H X 3H9prH1t~ HBIIH9TCSI 

npHM9H9HH9 HMnyllhCHOrO n pH011H lK9HHH. 0TllH'IH9 lK9 OAHOrO pSC'19TH OT Apyroro COCTOHT 

B OCBOBHOM B p831tH\f'HOM OITHCBHHH IIHOH-HYKIIOHHOrO B38HM01l9RCTBHR H B p83l1IPJHOM Y"'9T9 

S030Y>KA9 HHH KOH9'1HOro HApa/
4 -B/ 
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H eaocT a TK OM e cex Teo p eTH '<eCKH X p a6oT, n oc eH m B HHhiX aeo ttnoA nep eaa pHUKe " -
M930HOe HB !1Up8X llpH eb!C OKOII 3 HeprHH 0 Rell!19TCH TO, 'ITO e HH X HB paCCM8TpHB8 JOTCH ~-

~9KTbl H CK8 JK9RHH eOnHOBOl! ~YHKUHH ll8)l8 ~lll9PO " -Meaoaa H He y'IHT hiBaeTcH aoaMo>K-

HOCTb DOrllOlll9HHH nep e aapHJlHBW9I'OC H llHOHB e uyTpH R)lp8-MHWBHH, 'ITO IIOillKHO YMBHblllHTb 

eenH 'IHHY C9'19HHH llpOU9CC8, Bbl'IHCilH9MOrll B 3THX p a 60T8 X, 

0 JlHOII H3 M OUeneA , CB060UHblX OT 3 THX HBIIOCTBTKOB, HBilHBTCH K8CKBIIH8H MOIIBilb 

B38H M OIIBIIC TBHH " - M 930HOB c HIIPOM, 

2. OnucaHHe KacKaa Holt MoaenH 

neo i!HBH nep ea a p RUK8 " -M930H8 H8 HUp e B KBCKBUHOII MOII9DH p8CCM8TpHB89TCH K8K 

n p ouecc n o c n e aoa aTBnhHhiX n e pea apHUOK aa oTae nhHhi X aygno aax HJlpa no cxeMe : 

"± + N -+ "
0 + N 

L"o + N 
+ ...., , + N 

1/8 
B npocTell w e M c n y qae e KaqecTae M oaenu Hapa n pRHHMaBT CH c~epa c paaH y c oM R- r 0 A 

(rae 'o - If a A -MBCCOBOB '<RCilO H apa MRWBIIlf), 38ll0 U H9H HBH C paBHOMBpHOll 

nnoTHOC T hJO <f>epMH-raaoM HBB3 BHMoa eAc T BYJOlllUX HYKnoHoe. P acn peaeneHHe no HM n ynhcaM 

171 
H Y K ilOHOe euyT p B !!Upa npHHH M BilOC b r ayc coecKRM • n o TBHilRa n !!Upa llllH HYKllOHa paccMa T-

/ 8 / 
pReancH a e u a e npRMoyronhnon HM hi rn y611Hoii E F • 30 M a e , a c o oTeeTcTeyJOmaH 

rny6 Hua noT eHU HBllbHOit HMbi JlllH " - MeaoHa n p H H HMan acb paeHo ll V " • 25 M a a 
/9/ 

3 T O 0 6 CTOSIT9 n b CTB O n o3 B On H n O y qHTb iB8Tb BnHSIH He OC T 8 T QqHo ro B38H M0Jl99:CTBHSI H8 B blll.9 -

ne H HblA HyK n O H H " - M930H, nnH HyKilOHoe, y qac TeyJOIUIIX B 3 1l9MBHT8 p HOM 8 KT9, C'IRTB-

llOC b 06 !130 T 9 1lbHblM B blllOllHB HI!B 11pH HUH118 n aynn, npv. HapyweHHR 3TOPO Tp960B8HHH e 3 BHMO-

U BIICTBHB C'l l! T 8ll0Cb uepeanH3 YJOlllRMCH, 

nnH "+ - M930ROe , llOK lfllBJOIUH X HllpO , K pOM9 06b!'<HOrO o6p938HRH 110 3 HBprn ll, o 6yc-

n o Bn9HHO r O rny5 H.HOA C OOTB9TCT BY101Il9A llOT9 HOH8nbHO fi 9 Mbl 1 y q H T bl B 8 n 8C b B 0 3 MOJKHOC Tb OTpa -

JKe~n H u x OT Kynon o e cKoro 6apbepa u a r pa HHne Ha p a , 

K a>Kil biA " - M930H, B381! MOUBIIC T eyJOl!lHll C Hy KnOHOM HUpa , X 8p8KT9pH30 e a n CH Ha6o-

pOM l.JH C en, 38.0. 9 JOIUH X ero K OOpllH H8 T bl 1 y rn bl n oneT.-1 1 M ace y , 3 8 pSl!l H K HH9TU't19CKY IO a Hep

rR JO , B ycno eu H x T p exM e pHo A reoMeTpHR H pen HT H eRcTcKoil KRH B MB T I!KH npocn.>>KH eana cb 

cyah 6 a rr - M93 0 H8 llO B b iXOll.8 e ra H3 Sl,llp a. npuqeM llpHHHM 8 nHCb BO BHHM8Hif e BCe B03 -

M O>K H b l B KBH81lbl eaaHMOU BIICTB H!I IIHOHOB C HyKilOBBMH eHyTpR Ha p a : ynpyr oe paCCB!IHHB, HB-

y n pyroe pacceHuu e c o 6pa a oeaHHBM aononHHTBilbHoro rr -M93 0H8 1 nornOU!9HH9 B H llpe H 

nep e 3 a p HUKa, BepoHTHOC T R ecex 3TRX npoueccoa aaaasannc h aKcnepRMen T anhHhi M H 3 H B '<BHHH

Il0-13 / 
MH n onepe l.{ H biX ce q e H Hti C OO TB9TC TBylOllUJX K 8H8nOB , 8 yrnOB bl9 pacnpe.o.eneHHSI noc ne 

B 3 8HMOll8i'1C T BnR C HyKnO HOM - 3 K C nepHM 9HT8 nbHO onpeaen~H HbiMH B 9 nHttHH8MH cfla30B bi X C llBlf-

4 

/14 / 
roe KBK ~YHKUHH OT I 

paCCBHHHH Ollp9U91lHUCH OTE 

3 088), C'IUT81l0Cb, 'ITO llllH 

TaKHM o 6 paaoM, nocn 

aneMeaTapaoro axTa B38HM 

UBllllHIOlllHXC H HHTBI'pO-.<U<~<J> 

38p HUKH " - Meaonoe. OJ 

llHilOCb 6b! B03MOlKHb!M, n o 

CH MBTOII cnyqai!HbiX HCDbl1 

3. HcnonhaoaaHHB 

P a ccMoTpHM aeoAay10 

eeTe HIIUillcH npouecc, P acqo 

6biX T pya uoc Tell, M bi ue 6) 

115, 16/ 
TOl.IHO H 389C TH bl , 8 

O aHR M Ha npeaMymec· 

HOB COXp8 H9H HR 3BeprHH - HJ 

WH 9 HB y n pyroe p 8 CC9HHR9 I 

n a pac cMoTpBHBH, Cneay10n 

Mil C 'IBTa H a arpy 3KY 118M!! 

p e HH H n yxnoaoa, RC fibi T BBill l 

aoHoe 6billR nony '<9Hhl 5ea 

aellcTe HH TT -M93 0HOB C l 

B pac q e T e Y '< HT bieanR 

MHlll9HH 1 HO It B Knacce Me 

nH60 TT O - 0 B38HM0Jl9A'CTI 

HOCTH KBHB n OB 1 B03M O >KHbl9 

M930H8 T;" f3.e <T ;" ),{3 

n OHHOrO B38HMO,ae AC T BIHT . f 

f3 .e - • e < T, l 
0 In 

. f ( ' 
u o T h 

+ u; 



30 IIHoA rrepea a pHaKe 1T -

IHX H9 paCCMBTpHBB !OTCH a<jl

H9 Y'IHTbiB89TCH B03 MOlK-

9 HH, 'ITO QO/llKBO YM9Hb iDBTb 

H9TCH KBCKBUKBH MOQe/lb 

MOJl9/lB pBCCMBTpBBBe TCR KBI< 

tX aupa no cxeMe : 

:<jle pa c paaa y c o M 

10 /lHe HHB H C p8BHOM8pHOll 

~npeueneaoe no nMnynbCBM 

111 Hnpa una ayKno na paccMaT 
/8/ 

3 1 8 COOTB9TCTByJOUl89. 

•BBHo ll V, • 25 M a/
91 

"' 0 B38HM O.neRcTBH51 HB B hi.n e -

3 neM9HT8p HO M 8 KT8, CqHT8 -

<HH 3TOrO Tp950B8HBH B38HMO-

·5peaaHHH no aaepraa , o5yc -

'q J1 T bi B 8 n 8 Cb 8 0 3 MO}f{H0C Tb OTpa -

:upa, x apaKTepnaoBa ncH aa 5o-

fH e MaTH K H npocn~ >KHaanacb 

tnHCb BO BHHM8 Hit:e BCe 803 -

aupa: ynpyroe paccesraae, He-

30Ha , rrorno m eaue a H.ope H 

K C n e pHM9 HT8nb HblMH 3HaqeHHH -

yrnoBbte pacnp eueneaaH noc ne 

IMH B9nHt{HH8 MM <f>a3 0Bbi X C.nBH -

/14/ 
rOB KBK <jlyHKUHH OT HMflY/lbCB H8/l8T8!0IU81\ 'IBCTHUbl B CRCTeMe U9HTpa HH9pUHH ( yron 

p8CC9 HHHH onpeaansnCH OTHOCHTenb HO H8Tip8Bn9HH H B38HMOA9ACTBy~mero C Rll.pOM rr -Me-

aona ) , C'!BTanoc b , 'ITO anD rre peaapHUKB crrpaseunBBa KHH9MBTHKa yrrpyroro p~cceHHHR. 

T aKBM o5paaoM, nocne Tore , KBK orrpeueneaa MOU9/lb Rnpa H aauaHbl xapaKTepBCTBKH 

aneMe HT8p H OrO 8ET8 83aHMO.ll9ACTBHH 1 MO>KHO 6binO 6bt 11011biT8TbCR H8ITHC8Tb CHCT9MY 38-

U8fl/lR!OIUBXCH BKTerpo-nB<jl<j>epeHUHB/lb BbiX ypaBH8HBII, MOU911HpyiOIUHX npouecc UBOIIHOII nepe-

38pHUKB 1T -Me30KOB, 0rrKBI<O pemeKBe TBKOII CHCTeMbl B HBCTOHIUee BpeMH He npellCTBB-

/lH/lOCb 5hl B03MOlKHbiM, IToaTOMy U/lH pa c '!eTa npouecca usollaoll nepeaapHUKB acnonb3osan

CH MeTorr c n y'la iiHhlX BCUbiTBKBA 1 BilK M eTorr MoHTe-Kapno. 

3, Hcno/lba oaa HBe MeToua M oaT e-Kapno ana pac'!eTa uaonaol! nepeaapHUKB 

1T - Me30HOB HB Hnpax 

PaccMoTpBM usol!ayiO nepeaap»aKy 1T - Me30KOB KBK C/ly'IBIIHb!l! QByXcTyrreH'IHThlll, 

aeTBHmHIIcH rrpouecc. Pac'!eT TaKoro rrpouecca MeTOUOM MoaTe- Kapno ae npeucTaBnRn oco-

5btX TPYllHOCTel!, Mbt He 5yaeM !f311BraTb auecb o5max nonoJKeHHII MeToua, KOTOpbie uocTa-

115, 16/ 
TO'l.J:HO H3B9CTHbl 1 8 OCTBHOBHMCR nHllib H8 ll,9T8nSIX pacqeTa. 

OuuaM aa npeBMymeCTI) naaaoro pac'!eTa cnenyeT C'IHTaTb CTporoe Bbtrronueuue aaKo-

HOB COXp8H9HHR 3BeprHH-HMnynbC8 1 KOTOpOe ll.OCTHranOCb T9M 1 qTQ 1T - M930Hbl 1 HCflbiT8B-

IIJH9 aeynpyroe pacceHHHe c po*n.eaHeM aononaHT&nhaoro Meaoaa, nonaranucb Bbl6btBWHMH 

H3 paccMoTpeHHH, C neayiOIUBM waroM, aHB'IBTenbHO ynpocTBBWHM pac'!eT, coKpaTHBIDBM ape

MSI Ctt9T8 H 38rpy3Ky 118MHTH aneKTpOHHO-BbJl.fBClll:IT9nbHOA MlliDHHbl 1 6btn OTK83 OT p8CCMOT-

peHHR ayxnoHoB, acrrbiTaawax aaaaMoueilcTBHe, OuaaKo KOHe'IHhte pacnpeuenea:HH "-Me-

30HOB 5bt/lB rrony'leHbl 593 K8KBX- UB50 rrp9QITO/lOlKeHBII B/lH yrrpOITl9HBl! OTHOCBT9/lbHO B34BMQ-

,ll9A'CTBHH rr -M930HOB C HyXnOR8MB. 

B pac'!eTe y'II!TbiBanBCb paanB'IBH ae TO/lbKO B aaaKe aapSIAB rr -Meaoaa B KyKnoaa• 

MI!W9HB, HO 1! B K/lBCCe M930H- HYK/lOHHOrO B3HBMOU9llCTBHB ( H8UpB~ep 1 0-K/l8CC: /lB50 1T O- p , 

111!50 rr O - n B38BMOQ9l!CTDB8), llrrH KB)I(JlOrO 1</lBCC B orrperrenSI/lBCb HOpMHpOBBHHbte Be pORT-

HOCTII KBHBnOB 1 B03MO>KHbl9 ,llnH rrN B38HMOJl9l!CTBBSI npB KBB9TB'IeCKOl! aBeprHB , -
M930H8 T' : {3 D (T

1
' ),{3 (\1, {3 (T1'), KOTOpbt9 Bbtp8lK8!0TCR '!epe3 C9'19HHR M930R-HyK-

In e[. D abB D aeynp . n 

/lOHHoro aaaaMouellcTBliH. HanpnMep, ana 0 - Knacca OHB BMeiOT cneayiOmBll sao: 

a .of (T',.)-" •b• (T' ) - ~ [ a eynp'(T' ) - a HeynpiT' l] 
74 q 0 lo q 1J tn tl In 
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abo 

fJ abo 

a 11 (T'1n 

e f , e x , 
a o (TIn ) + a II ( TIn 

1.... aba (T , ) ., [ ueynp . (T , ) ReynpT. , )] 
+ 4 a 11 i n + 11 a l j In + U II {' 

aaeynp( T , ) 
(3 = II In 

'l&ynp. a 0 f (T' ) +au (T ' ) + 1._ a ab• (T ' ) + ~ [ JI&YllP(T ' ) + aB8YIIP(T ' )] 
0 In lj In 4 lj In 1J In It In 

r a e oi 0 a 0 -ce'!&HHe ynpyroro " - p 

M930H8 H8 OllHH nyxnoH, 
Heynp. 

o
11 

H 

- pacceHHHH, u~be -ceqeane "nornomeHJUI .. rr 0 

ueynp. 
a 11 -ceqeune lieynpyroro pacceAHHA "+ -

u - ~ H rr -MeaoHa ua rrpoToae, a 
11 

-ceqeaHe nepeaapR.O.KH rr -MeaoHa na npoToae, a lJ 

cet.teane *nornomeHHst' "- -Meaoua aa OAHH npoToa. AaanorHtJHbte Bbtpa>KeHHH HMeroT se-

pOHTHOCTH K8H8110B llllH n pyrHX Kll8CCOB B38HMO!I9ACTBHA. nepexon B Ollp9!18ll8HHblfi K8H8ll 

IT03BOnstn B bi6paTb HnH Bbi'tJ:HCnHTb X8p8KT9pHCTHKH TT - M930H8 nocne B38HMO.ll9fi:CTBH.H, nH -

6o ycTpaaHn ero n3 nanbHeAwero po3b1!'pb1Wa K8CK8!18. 

4. Pe3ynbT8Tbl pac'!eTa 

PacqeT noasonsteT Bbi"'HCJIHTb nonHbte ce1.f9HHH a.aof.tHoA n e peaapH!\KH npH paanHqHhtX 

9HeprHHX nepBH"'HbiX rr -M930HOB 1 Il011YtJHTb 38BHCHMOCTb C9"19HHH OT 8TOMHOrO BOM9p8 

S!l!p8 II p8CC'IHT8Tb aHepreTH'18CKHe II yrnoB bte pacnpe.ueneHHSI BTOpH'tHbiX M830H08 118 onpe-

neneHHbiX SUl,pax. PacqeTbi 6bt1lH BbtrronaeHbi npn KHHeT H1.f9CKHX aaeprHstx rrepBH 1.fHhiX " -
M830HOB a HHTepaane oT 0 ao 300 Maax/ 

Pe3y nbT8 Tbl p8C'I8TOB npnBel!eHbl HB puc . 1-4. nepBbl8 3KCnepHM8HTbl no 113Y'I8HII lO 

pe8KUHA l!BOARoA nepe3 a pSI!IKH 

cHn
1 151

. B c o c Taa ¢oToaMynbcnn 

" -Me30HOB 6 btnH Bbll10llH8Hbl M8 TO!IOM Rl!8pHb!X <jlOTOaMyllb-

axoaHT TH>Kenbre ( Ag, Br) 11 nerKne ( C ,N, 6) Slnpa . 

no 3 TOMy p8Ct.t9 T bl rtpO BOAH1111Ch OTJl91lbHO JlJlSI TSI>K9 1l biX R nerKHX S1 Jlep
7

H 38T9 M p93 Y.'lbT8Tbl 

ycpel!HRITl!Cb, llnR TH)!{ell biX Hl!Bp 

a ann nerKHX ( i = 7)- N
14 

. 

i - 41) 94 
a Ka'!eCTBe c peaHero npnHHManocb S!l!po Nb , 

Ha p nc . ITp9JlCTBBJl9Hbl' p8C"i9Tbl CIOllH bi X C9'19HHH: JlBOf.tHOA nepeaa pHllKH Il0110>KHT9n b -

HbiX (pnc . 1a) H oTpnuaTenbRhiX (pnc. 16) 

IOLUero " -Me30Ha anR TR)!{enoro ( N b 
94 

) 

rr - M930HOB B 38BUCHMOCTH OT a aeprHH H8119T8 -

H nerKoro (N14) Slllpa. Mo)!{HO oTMBTHTb 6onb-

WylO p a3 HHUY B B8llH'IHH8X C8't8 RHA l!BOAnoll nepe38pS1!1KH fT +- H ft - M930HOB H8 TSI~e-

110M HOpe IlpH 00HH8KOB biX U81.f81lbHbiX 3H9prHHX tr -M930H8 1 B TO Bp9MSI KBK Jl11SI IlOJlH biX 

C8'!8 HII I\ HB n erK OM Hl!pe T8 K8 H p83 HI1Ua OTCyTCTBYBT, 3TOT pe3yllbT8 T M0)!{8 T 6b1Tb 06bSICHel ' 

COBOK y O H biM .Q etl: C TBH9M C Jl 9.0 Y JOLUHX q:JaKTOpOB : 

x / 
O a HoBpeMe HHO pacc'!HThJB8 lOTCR a nan orn'!Uble xapaKTe p HCTH KII an<~ Heyii py roro pac c e -

suur n " - MeaoH oB HA st.npax. 

6 

J 
~ 

/c, 

1) 6onee BbiCOKI!M KynOH• 

W89T C9'19HH 9 peaKnHH TT ..... i 

- 4 M as ) ne cnnbHo CK83bJ 

2) H36biTKOM He fi TpO HOB 
+ x/ 

KH TT -M930HO B 

3aBHCHMOCTb rronnoro c e t 

rnn no ycpel!H&HHbiM pe3ynbTa· 

XOBKOA llOK838H KOpHl!Op OWH6 c 

CKOM naTepaane nonuoe cettea:E 

+ nepe38pR!IKH TT -M930HOB. 

(240--300)Maa M0)!{8T 6 b!Tb o6· 

CB060.llHbiX HyKnOH8X B COCTOHf 

Pac<JeTw aaepreTnqecKnx 

BH'IROA aaeprnn 80 Mas no Ka3 

CHI! TT -M930H TepHeT 388\:fi 

M930Hbl HM9JOT Cp8BHHTeJ1bHO ~ 

MeTRO BJ1HSIHHe KYJ10HOBCKO rO 

Yrnoabte pacnpeaeneHIHI 

Pac'!eT npel!CK83biBaeT npeHMY 

c¢epy, 

Pe3ynbT8Tbl pac'!eTa 38Bl 

HOB OT 8TOMHO!'O HOMepa Slllp8 

nonH09 Ce'!9HHe l!BOfiH0 11 nepe~ 

poM s:~npa, a To speMst KaK ce~ 

nacTH A - (40 .;. 100), 3To TE 

C TBHSJ. 

llnll Toro, 'IT06bl y6eann 

a eHa eapnaunH na pa MeTpoa pac 

Bl!R (r 0 ) , rny6nHa npHMoy rc 

B38HMO!IeACTBIISI ( V tr ) H !'ll) 

c HyKnOHOM Rl!pa ( E F ) Bapn• 

HHH liBOfiHoA nepe3apR!IKH n 

npea cTasneHbl H8 pnc, 5. B nnH 

,y 17 C91.f9HH9 M8110 H3M9HH9Tt 

0l!H8KO 113 3KCnepHMeHT8llbHbiX 

110 oTnH'!aeTcn OT 30 Mas. 

napllM8Tp r 0 H3M9HH11C 

x / Bnn HIJHe pa3HIIUbl a Me 

3apR!IKH He y <IHTbleanocb. 



aey n !J . 
',D) + UII IT ' l] 

• ynpyr oro pacceHHHH rr + -
obo 

·MeaoHa na npoTose, a lJ 

b l9 Bblp8>K9HHSI HM9JOT Be-

l B onpeaeneHHbt l! Kaaan 

nocne B38HMO!l9 i\CTBHH, nH-

!3BpH!1KI! llpH pll311H'IHb!X 

HIH I OT 8 TOMHOrO BOM9p8 

:> pH'IHb!X M930BOS Hll onpe-

epri!SIX nepBII'IHhlX rr -

; rrepHM9HTbl flO H3Y1.f9HH lO 

eTOilOM Hae pHbiX ¢oTO aMyllb-

I nerKHe (C ,N , O l Hllpa . 

sraep 1 H a aTe M pe3ynhTBTbt 

•• ~ro npuanManocb s. n po Nb ~ 

CHMOCTH OT 3 H9 prH H Hane T8 -

Ilpll, Mo JKHo OTM9TI!Tb 6onh-

M " - M930HOB H 8 TSDK9-

T O Bp9MSI KBK llnH nonH biX 

Jl b TB T M O>K9T 6 bi T b 06'bRCH9 P 

TI!KH anH aeyn pyroro pacce-

,j 

J 

1) 6onee SbtCOKI!M KynoaoacXHM 6apbepoM lliiR TR JKenoro Hllpa ( • 13 Mas) , 'ITO yM eab-

w aeT C9'19BH9 peaKURH fT ~ fT + , S TO Bp9M SI KllK KYIIOHOBCKHA 6apb ep n erKOro Rllpll 

• 4 Mas ) ae CHilhHO CKil3btBaeTCR aa ceqeaaHx aaoRao A ne pe 3apHUKH " - M930HOB! 

2) H36btTKOM He l!Tpoaos a Hllp e Nb
94 

, 'ITO yaenH'<HaaeT ceqeHae aao l! ao l! ne pe3apHil -
+ x / 

KH " -M93 0HO B 

3aBHCI!MOCTb llOil HOrO ceqeHHSI llBOI!HOA n epe3apHilKH "+ - H fT -Me30HOB OT ~mep-

rHH no ycpeaaeRRbiM pe3yllbTaTa M anH Haep a ¢oT0 3MynhCHH npeacTa aneaa aa p ac. 2 (wTpH

XOBKol! noKa3 aR Kopaaop owa6 oK), M3 pacyaKa BHilRO, 'ITO B paccMaTpaaaeMoM aaepreTaqe,. 
CKOM HHTepeane nonHoe ceqeaue nponecca " ~ " ocTaeTcH MeHbwe nonaoro c eqeHJHI 

nepe3apHilKII rr + -Me3onoa. 3aMeaneal!e pocTa nonaoro ceqei!IIR npouecca a o6nacTH 

( 240-300)M:aa MOJKeT 6 b!Tb 061>SICReRO SllHSIRHeM pe30RilRCROrO paCC9SIHHSI 

CB060ilRbiX RYKilOHilX B COCTOSIHIIH J • i- T = } 

TT -M930HOB H8 

PacqeTbi :aaepreTII'19CKHX pac n pea eneuaR sTopH'IHbiX fT -Me3 0HOS ( pi!C, 3) npH nep-

Sl!'!Ho ll :aueprHH 80 M:aa no Ka3 htBiliOT , 'ITO npa a aol\aol\ nepe3a pRaKe aa Rllpa x a ¢ oT09MYilh-

Cl!ll fT -Me30H TepHeT 3BB'il!Te llbHYJO l llCTb KHB eTl!'leCKOR 9!i9pr1!11, no:aTOMY BTOp>PH! bte 

M930Hbl HM9JOT Cp8BHHT9nbHO M.Jn y JO 3 H9prHJO Err+ = 27 M :aa) 11 aa -

MeTRo BllHHHI!e KYilOHOBCKoro 6 apb epa. 

YrnoBbte pacnpeaeneal!H sTopH'IHbtX rr + - 11 rr- - M930HOB ( p11c. 3) ae H30Tpo nHbt. 

PacqeT npe.ncK83btsaeT npeJrMyme~TBeHaoe HcrrycKanne BTOpHttHbiX MeaoHoa a aa.n HIOJO nony -

c ¢epy . 

Pe3ynhTBTbt pac><eTa 31lBI!CIIMOCTI! nonaoro ce'!eHHR aaoi!aotl nepe3apHilKII rr ± - Me3 o-

aoa OT llTOMRoro ROMepa Rapa (A) np11 :aaeprHH 80 M:as npeacTa aneR bt aa p11c. 4, 

+ 
fiOIII!Oe Ce'ieHI!e llBOilHOil nepe3apHilKII 7T -M930HOB MOHOTOHHO p8CT9T C 8TOMH bi M HOMe-

pOM Hllpll, B TO BpeMH KllK ceqeal!e lliiSI fT -Me30HOB !!MeeT WllpOKHi! MllKCHMYM B 0 6 -

llllCTII A = ( 40 7 100), 3TO TBKJKe SIBIIHeTCSI C1191lCTBHeM BIIHSIHHSI KYIIOHOBCKOrO B3aiiMOile A-

C T B HH. 

• 
llnH TOrO, 'ITOObl y6ellHTbCSI B yCTOI\'IIIBOCTH llOIIy'ieHHbi X pe3 y llhTilTOB, 6btiiA npOH3 Be -

lleRa aapllaUHH n a pa MeTpoa pac><eTa. He3aBIICHMbtX n apaMeTpo a - Tpll : paanyc B3BHMOilellcT-

BIIH (r 0 ) , rny6HHB npHMOyrOIIbHOR llOTeHUI!Illlbi!Oi! 51M b! UII SI :a¢¢eKTHBHOrO lli!OH-Hilepaoro 

B31li!MOilellcTBI!H ( V rr ) H rny6 HHil llOTeHUIIIlllbHO il SIM bl lliiSI :a¢¢QKTHBHOrO B31li! MOile tlcTBI!SI 

c HyKnoaoM Hapa ( E F l BapHaUHH aTHX napaMeTpoa npOH3 BOilHnach np11 Sbt'll! c n e HHn c eqe 

""" aaol\RoA nepe3 apHilKH rr + -Me3oaoa c :aReprHeO 130 Mas Ha Hllpe Nb 
94 

P e3ynhTilTbt 

n p en cTa anea Lt 11a puc. 5. B11aao, '<TO a noaonhHO WIIPOKHX npeaenax H3MeReHHH aenn'<HHbt 

V 11 ceqea11e "Mano H3MeRHeTcH ( p11c, 5a). Eonee 3 a MeTHO Bnt1HHHe napaMe Tpa E F ( pH c ,5r ), 
/ 8 / 

OnHaKo H3 3KcnepHMeHTanbHbiX .naHHbiX c ne.ayeT, t.JTO 3 HaqeHHe aToro rrapa MeTpa He cHnb-

HO OTIIH'iaeTCSI OT 30 M :aa. 

napaMeTp r 0 1!3MeRHncR a npeaenax oT 0,5.10-
13

cM ao 1,5.10-
13

cM. P ac ><eT noKa -

x / BnH SI HHe pa3 HHUbt a Ma c c ax ReliTpORil n npoTOHa HA ce '!eHIISI peaKUH A aaoAno tl nepe-

3ap HilKH 11e yqi!T~sanocb. 

7 



3biBaeT, qTo BepOHTHOCTb aaoftaoft nepeaapHaKH 

CH cna6o (puc. 5a). 

IT -M930HOB B HQpe OpK 3TOM K3M98B9T-

Oaaaxo paauyc B3aHMoaeAcTBHH onpeaenHeT reoMeTpaqecxoe ceqea11e 11apa a 
2 

• ITr~ A2/~ 
n03TOMy ceqeHH9 QBOAHOA nepeaapHQKB CllnhHO H3M9BB9TCII C r 0 (pHC, 56) H93aBHCKMO 

oT cxeMbl pacqeTa, CneaoaaTenhao, MOJKRO nonhiTaThCH onpeaenBTb aen11quey r
0 ua cpaa-

H9HIIB peaynhTaTOB pacqeTa C 3KC09pHM9HTanhRbiMH aaHRblMH, 
117-19/ 

PeaynhTaTbl axcnepaMeaToB noxaabiBBlOT yaoaneTaopaTenhaoe cornacHe aaepre-

TH'IeCKHX pacnpeaeneaHA BTOpHqHblX Meaoaoa H nonaoro ceqeaaa aaoAaoA nepeaapBaKH IT±

Meaoaoa c peaynhTaTaMH pacqeTa. Oaaaxo a yrnOBbiX pacnpeaeneaHRX aa6moaaeTca aaaqa

TenhHoe pacxoJKaeaHe, BoaMoJKao, 3TO pacxoJKQeaHe 6yaeT ycTpaaeao yqeToM apyroro Ka

Hana peaxnuu no cxeMe IT ± + ( NN) -+ IT"' + ( NN ) Heo6xoaHMO TaKJKe yqecTh aB¢¢yaabiA 

Kpa A napa u npenoMneaBe IT -Meaoaoa aa rpaa11ne napa, 

B aaxmoqeaae aaTopbl BbipaJKaJOT 6naroaapaocTh B.M, Caaopoay aa MHoroqBcneaHbie 

06CyJKil9HIIn II HHTep9C K llSHHOfl pa60T9, 
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