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Ana onacaaaa npoueccos o6paaosaaaa Meaoaos Me30H8MH s 

Ill 
J1aa)lea6ayMOM H lllTepaxaAMepoM 6blna npeA.rtOlKeHa MO)lellb, 

rrN -CTO.rtKHOS9HHBX 

cornacao KOTopoA polK)le-

HHe Me30HOS H)l9T qepe3 cjlopMHpOS8HH9 H306p8HOrO COCTOBHHa C T •· J • 1'2 , p8Cil8)l810-

meroca aaTeM aa ayKnoa a " -Meaoa, B ax MO)le.rta npe)lnonaranocb, 'ITO aao6apa 

o6paayeTCa S S -COCTOaHHH, • pSCU8)l89TCa H30TpOUHO, 8 BHTepcjJepeHUHa MelK)ly p83.rtB'IHbi

MH aao6apHbiMH K8H8.rt8MH OTCyTCTsyeT,, ll03)lH99 a.P.PeKTbl, o6yC.rtOBn9HHbl9 BHTepcjlepeHUH9A, 

121 
6&1.rtH p8CCM0Tp9Hbl S , Aa.rtbH9Amee p83SHTH9 H3068pH8H MO)l9.rtb nonyqana S pa6oTe 

181 
Oncoaa a Ylo)lxa , s KOTopoA Y'IHT&Isanacb T8KlKe pacna)l aao6ap&l s p -cocTOBHBH a 

Tpe6osaaaa, aanaraeM&le CT8TBCTBKOA Boae, 

141 
CymeCTSYIOWBe aKcnepHM9HT8.rtbHbl9 pa60Tbl s HHTepsane aaepraA )lO 1 ras yK83bi-

S810T H8 3H8'1BT9/lbHYIO poru. B3068pbl 312, 312 S UpOU9CC8X M930H006pa30S8HHa H S pMe 

cnyqaes yAosneTsopaTellbHO cornacyK>TCa c npeACK838HHHMH aao6apaoA MO)lena. 0)lH8KO 

8H8/IH3 aKCnepHM9HT8/IbHbiX )l8HHbiX H8 OCHOS9 aTOA MO)l91IH 38'18CTyiO 38TPYilH9H H3-68 

npucyTcTsaa )lpyrux saaaMO)lel!cTsHA, TaK,npa aaepruax aaneTaK>WHX " -Meaoaos sblme 

900 Mas
151 

aaquaaeT npoasnBTbCa p -peaoaaac, a s o6nacTH aaepraA HHlKe 500 Mas, 

. 16-91 
UO-SH)lHMOMY, CyW9CTS9HHYIO pollb arpaeT CH/lbHOQ W -S38BMO)leiiCTSB9 S COCTOSI-

HBB c T =·0, 

Hau6onee TW8T9/lbH09 COUOCT8Sil9HH9 aKcnepBM9HT8.rtbHbiX )l8HHbiX C H306apHOA MO)l9-

/lbiO npOSO)lB/IOCb S aKCU9pHM9HT8X, SblUOIIH9HHbiX npB aaeprBBX nepSH'IHbiX '18CTBll S61IB3H 

r 15,10,111 
as , 

Ana aaepruA aaneT&K>IUHX qacTBU HHlKe 800 Mas Sb1CK83b1Sanacb TO/IbKO Ka'leCTseaable 

161 
coo6palKeaaa o npecyTCTSHH aao6ap&l • 

MeJKilY TeM aaa'IHTellbH&Iil HHTepec npe)lcTasnHeT onpe)leneaae SK.rta)la aao6ap&l 

312, 312 s ceqeaua rrN -S38BMO)l9ACTSHil, 'ITO U03SO.rtaeT )l8Tb KO/IH'I9CTS9HHbl9 

OU9HKH ee pOIIH S aayqaeMbiX pe8KUHaX, C aTOA U9.rtbl0 S H8CTOHW9M aKCnepliMeHTe BCC.rte

llOS8.rtBCb npoueccbl: 
+ 

" +.p +" +IT + n (I) 

- - 0 " + p + rr +:rr + p (II) 

npe KHHeTeqecKoil aaeprHH aaneTaK>max " -Meaoaos 344 Mas. 

J1cnOilb30S8HH8a npolle)lypa o6pa60TKH aKCU9pBM9HT8/lbHbiX )l8HHblX ll03SO/IH/l8 Sbl)l9-

.rtBTb SK.rt8llbl OTU9.rtbHbiX H3o6apHbiX K8H8.rtOS S CeqeHHa aeynpyrHX npoueccos npB yK838HHOA 
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suepruu. ToA *e npouenype o6pa6oTKH 6wnu nonseprHyTw npyrue sxcnepnMeHTBJibHWe 

USHHbie/6 • 15~ 'ITO USJIO S03MO:lKHOCTb onpeneJIBTb C9'19HBB OTU9JibHbiX B3068pHbiX KSHSJIOS 

TBK:lKe npu aueprBBX 290 H 360 Mas. 

1. 3 xcnepnMeBT 

BaanMoneAcTsne " -Mesouos c npoTOHBMB B3y'lanocb c noMOlllbiO 25-CiilHTHMBTposoA 

:lKHUKOsonoponuoll nysblpbKOSOA KSMepw na6opaTOPHR smepHbiX npo6neM OJA.RI1, noMeuteu-

/12/ -
noll s MarnHTHOe none • • 3uepruB nepsB'IHoro nyqxa " -Mesouos, onpeneneuuast nyTeM 

H3MepeHHR pBURYCOS KpBSH3HW H8'18nhHWX TpeKOS B yCp9UH9HH8R no pe3yJibTST8M H9CKOnb

KHX ceaucos pa6oThi cocTasnstna 344j:_l2 Mss. B aKcnepnMeHTe 6bmo nonyqeuo oKono 100 

TbiCB'I cTepeo<jloTorpa<jlull, cpenu KOTOpbiX OT06pauo 337 cnyqaes peaKunu (I) u 51 cnyqall 

peaKUHH (II). nonpo6uoe onucauue ycnosull onwTa, oT6opa u o6pa6oTKR co6biTHll nauo s 

171 
pa6oTe 

B uacTostmeM sKcnepuMeHTe 6bmR sseneuw nononuuTenhnwe Tpe6osaunB x npensapu

TenbHOMY npOCMOTpy, KOTOpbl9 YJIY'IIUBJIB B o6ner'IBJIB npouenypy BU9HTBijiBK8UHB C06biTBfi. 

CoxpameHbi pasMepw o6'heMa suyTpn xaMephi, s npenenax K9TOporo paccMaTpusaroTCB 

3S93Ubi, a TBK:lKe 3H8'1BT9JibHO ynpOIUBH OT6op CJIY'I89S no 83RMYTBJibHOMY yrny cp 8 • feo-

MeTpR'IeCKRe paCCMOTpeHRR UJIR HSWHX ycnOSHil nOK83biS8IOT, 'ITO, Korns OTpBU8T9JibHblil 

sTopB'IHhiil Tpex ua nsyx xanpax cTepeonapw pacnono:lKeH no paauwe cTopoHbi OT nepsn'l

uoro TpeKa unu cosnanaeT c HBM no uanpasneuuro ua onuoM ua xanpos, To nnB Taxoro 

0 
C06biTR R cp

8 
> 70 • 0T60p no cpa npB npensapRT9JibHOM npOCMOTpe 3HS'IHT9JibHO o6ner'I89T 

0 
U8JibH9ftWyiO o6pa60TKy, TSK KSK Sb!BSJIS{QTCR OKOJIO 66% 'SC9X C06biTHil, HM9IOIUHX cp 3 > 70 • 

LlonB C06biTHJl, OT6pOW9HHWX no yrny cp
8 

, RUB Sb!XOURIUHX 38 npenenw Sb!6paHHOrO o6'b9M8 

SHYTPH KSMepbi 
0 
Cp8SHHS8JI8Cb C O:lKRU89MbiMR 3H8'19HHBMH STBX S9JIH'IHH, Sbi'IHCJ19HHblMH 

H3 Cp9UHHX X8p8KT9pHCTHK ny'IKB ,- -M930HOSo 

0KOH'I8T9JibHOe OTU9Ji9HH9 HeynpyrBX C06WTHil OT ynpyrHX, 8 T8K:lK9 HU9HTH<jlHK8UHR 

peaKUHil (I) H (II) npOH3SOUHJIHCb pauee onHCBHHbiM MeTOUOM/7 /. 

LlnH oTnenennst peaKUHH \I) OT npouecca 
0 

17+p+17+n nononunTenbHO 6hm 

/\+ -y e + e 

sseneH KpHTepHil OT6opa no nOJIHOil SHeprHH nOJIO*HT9JibHOil H OTpHU8T9JibHOil 'IBCTHnbi 

~ 

w + -. . S HX C.U.H. B npennOJI0*9HHH, 'ITO STH '18CTHUbl BSJIHIOTCB SJieKTpOHOM H n03HTpo-

HOM, Pacnpeneneune nap .llannua no nonuoll aueprnn TaKoso, 'ITO 99,0% co6hiTnll HMeeT 

;:, + _::; 100 Mss/ c 2 1131
• C y'leTOM paapewaiOmell cnoco6uocTH C'IHTBJIOCb, 'ITO, ecnu .. 

w + - > I30 Maa/c 2 .. , TO co6biTRe npRHBJlJieJKHT peaKUIIH (I). Kor)la JKe 
~ 

6.).+.-

3biB81lOCb M9Hbll!e 130 Mas/ c 2 , npHM9H!IJIIICb IIOHH38UHOHHblC MCTOJlhl pa3)l9JI9HII!I, 

4 

OKS-

Co6~>ITIIC 
C'IHTSROCb npHH8JlJI9ll<SIUHM peaKUHH (I), ecnB 0JlH03HS'IHO yCT8H8SJIHS8JIOCb, 

l.ITO noJIO>J<HTenbH8SI t.I8CTHU8 stBnSJeTCSl tr + -!de30HOM, 8 BblqHCneHH09 3HaqeuHe HenOCTSlO-

865 Mas/c
2 ::;,M

11 
::;. 1015 Mas/c

2 
• (11nTepsan 

mei'I :.iSCCbl yJlOBR9TBOpS!eT yCJIOSHIO 

+ 75 Mas/ c 2 COOTB9TCTSyeT TpeM OWH6KBM S 0Up9Jl9JI9HHB M8CCbl HeilTpOHS S H8CTORIU9M 

aKcnepnMeHTeJ 

2. Ouenxa paapemaiOmell cnoco6nocTB 

Bbi'IHCneune own6oK, csgsaHHbiX c onpeJleneuneM neJlOCTBIOIUell MaCChi ( M,) , nonnoA 

aueprnn a c.u.n. rr -Mesons H uyKnona (w,., ) 
, a TBK*e nonnoA aneprnu s c.u.n. 

nsyx 1T -M930HOB (;:,171T) , UpOH3SOI!HJIOCb C y'leTOM norpeWHOCTefi, o6yCJIOSJI9HHblX HeTO'I-

HblM 3H811119M • H8'18JibHOll aueprHII 'ISCTHU, H8UpS!lK9HHOCTH MSrHHTHOrO UOJIB S K8M9pe, yrnos 

SblJI9T8 STOpH'IHblX 'ISCTHU H paJlHYCOS KpHSH3Hbl Tp9KOS, ilorpeWHOCTH, o6yCJIOSJI9HHW9 

MHOroKpSTHbiM KYROHOSCKHM paCC9S!HH9M H OUTH'19CKHMH HCKB*9HRBMH, 8 T8K*9 OWH6KH 

CHCT9MSTH'19CKOrO xapaKTepa npH STOM He y'IHTbiBSJIHCb, 

,[lnSI TOrO, 'IT06bl sseCTH nonpasKy HS uey'IT9HHbl9 OWH6KH, 

Hll9 J,lHCTl9pCHH u: pacnpe)leJieHHS! MSCC HeilTpOHOB (puc. 1) OT 

6wno npoaeneuo cpaaue

peaxunu (1) c aenn'IHHOil: 

N 2 

(~M )2c 1!. (~Mn)l 
n N 

rAe 
( i\M n )

1
- Oll!H6KB S onpeneneHHH MSCCbl ueilTpOHS, UOJIY'IBIOIUSRCB UpH o6C'I9T9 

oTnenbHoro co6hiTHS!, a N - qucno cnyqaes. 
-:----2 2 2 

"'
2 

=25
2 

Mas
2
/ c • 

, s TO speMS! K8K i\M n - 15 Mas /c. 
n Ehino uallneuo, 'ITO 

Ha OCHOBSHHH Cp8SH9HHS! 9THX JlSYX UHCnepCHfi 6biJI Sbi'IHCJI9H nonpSBO'IHblil KOa<jl<jlHUH9HT, 
- 2 2 2 • 

c noMOll!biO KoToporo oueueHhl JlHCnepcuu nnB w "" H w71f1 : u w • 20 Maa I c 

2 2 2 • "" 
n u ~ ~ 15 Masi'c 

w mr 

3. OnpeJleneuue noHHbiX ce'leHnil 

ily'IOK nepSH'IHblX 1T- -Me30HOS He HSJIS!9TCS! CTpOrO 
MOHOaHepreTH'19CKHMo iloMHMO 

ocuosuoil rpynnw 'ISCTHU s6nusn sua'leHHH auepruu 344 Mas cymecTsyeT ue60JibWBH JlOJIB 

HH3KOaHepreTH'19CKHX 1T -M930HOS, aueprBH KOTOpblX OTJIH'ISIOTCH OT cpenuerO 3H8'19HHS! 

6onee '19M ua TpH CTBHJlBPTHbiX own6KH. TaK KBK ce'leHne ynpyroro pacceHHHH pacTeT 

M930HOS, 8 C9'19HH9 ueynpyroro B38HMOJl9ilCTSHS! yMeHb
C YM9HbW9HH9M aneprHH U8Jl810IUHX 'ITO HS6JIIOJl89-
lli89TCS!, TO H8JIH'IH9 S UY'IK9 'ISCTHU C HH3KOil aueprueJl npHBOJlHT K TOMy, 

MOe CC'ICHHC HeynpyrHX nponeCCOS OK83b!S89TCS! M9HbUIHM UO OTHOW9HHIO K ynpyroMY Ce'le

HHIO, '19M )lOJl)KHO 6biTb B )lel\CTBHT9JibHOCTHo LlJIH yqeTB 3TOrO a<jl<jleKTB no H3B9CTHblM 
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ceqeJ-IHHM ynpyroro pacceHHHSI orrpeJienHnCH OTHOCHTG1IbHhiif BKna.o B yrrpyroe pacceHHHe 

qacTH nyqKa C 9HeprHelf, OT11Ht.t810lll9iiCH OT CpenHeii He 6onee, lf9M H8 3 CT8H.08pTHhiX 

owH6KH. 4Hcno aaperHCTpHpoaaHHhiX ynpyrHx co6LITHli YMHOX<81lOCh 38TeM H8 nony'IeiiHhili 

xo9cpcpHuHenT K_E • KpoMe Toro, ssonHn8Cb nonp8SK8 K¢ , y'IHTLrsarom8H n8neHI<e 9<jlcjJexTHB

uocTu perHCTp8UHH asean s o6n8CTH 6onbWHX a3HMYT8/lbHhiX yrnos ¢
3 

• Hailnennhre auaqe

HHSI HOHpllSO'IHbiX K09~l<jJHUHeHTOS ~~E H K cp S CpenneM p8BHSI/lHCb 0,9 H J,J CGOTSOTCTBOH-

IIO. 

/14/ LlnS! onpene/IOHHSI Ce'IeHHSI ynpyroro paCCOSIHHSI HCnO/lb30S8/lHCb llBHHble pa60Tbl • 

flo npHSO/lOHHb!M S neil K09<jJ<jJHUHOHT8M '\ paanOJI(eHHH nH<jJ<jlepeuuH81lbHhrx ceqeuHii no 

nO/lHllOMBM fleX(Bii!lpB s HHTepsane 9HeprHli 230-427 M9s HHTepnonHuHeii no MeTony naH-

MGHbllllfX KBBilP8TOil onpene/lSI/llfCb 3H8'IeHHSI K09<jl¢HuHeHTOS Ak npH aueprHH 344 Mas. 

flolly'IOHHOe llll<jJ<jlepeHUH8/lbHOe Ce'IOHHe llHTerpHpOS8/lOCb S 061l8CTH yf'/IOS paCCOSIHllSI OT 

30° no 150° a n86op8Topuoii CHCTeMe. Ce'teHHSI ueynpyrHx npoueccos onpeaenHnHcb nyTeM 

COHOCT8S/IOHHSI 'IHC/18 Cnyqaes Heynpyroro S38llMO!leliCTSHSI C HOHp8sneHHblM 'IHC/IOM C/ly

'1808 ynpyroro pacceHHHSI anSI 3Toro HHTeps8n8 yrnos. 

Llarmr,re no ce•reHHSIM npencTasneubr s T86nHue I. 

4. flpouenypa Sb!lleneHHSI SK/18118 peaoH8HC8 (3/2, 3/2) s ceqenHH 

ueynpyrHx rr N - B38HMoneiicTsnil 

AIIaJIH3 9HepreTH'IeCKHX pacnpeneneHHII sTopH'IHbiX 'II'ICTHU OT pe8KUHil THna ITN +IT
1 

IT 

2 
N' 

B rrpenii0110M9Hllll, tJTO C9lf9HHSI OIIpe.uenHIOTCH T01IbKO H3o6apHbiMU K8H8118MH, He II03B011HeT 

Bhl/,0/ll!Tb SK/18/l pe30H8HCa (3/2, 3/2), eC/lll 0/lHOBpeMeHHO HMeeTCSI llpyroti MOX8HH3M 

ueyrrpyrHx npoueccos. 

8 HBCTOS!ll1eil p860Te 8H8/lll3HpyeTCSI pa3HOCTb llH<l¢epeHUH8/lbHbiX CO'IeHHii: 

!'J.~ du <b 

d"',
1
N' 

B 1{8){{Jli>Iii H3 ee 't:f119HOB, B B H9KOTOpbiX CJiylfBSIX OH IT01IHOCTblO HClf9389T. 

flpencTasn"" M8TpH'IH&r!J aneMenT npouecc8 rrN + IT 
1 

rr 
2 

N'- S SH!le CyMMbi: 

(rae M 

"" 
H M 

'!TN 

M ~· M""+ MITfT 

OIIHCbiBBIOT sxnan&r s ueynpyrHil nponecc nHou-rrnouHoro n peaouauc-

HOf'O n!'!QH-HyK/lOHHOf'O S38HMO.lleliCTSHJI) 0 38HHWeM .llHtPcj:JepeHUHB/lbHbie Ce'!eHH!l C/le.llyro-

lUHM u6pa3oM: d!7 

dw"l N"' 

2 + + 2 

= {[11.\rnl + M'ITNM"" +M"" M'ITNI.dr 1 + (lM""I dr
1 

8 

ll du 

dw,. N'· 
2 

2 + + 2 

J(I:M,ml. + M'ITN M"" + Mmr M'ITN loS#'2 +(jill"" I dr2 , 

rae dr
1 

(j =1,2) 03H8'18eT llHTerpHpOS8HH9 HO SC9M nep9MOHHblM, 38 HCK/llO'IeHneM w
171 

N 

flonar8 H, 'ITO M"" onHCbiB89TCII llH8rpaMMOii, npenCT8Bneuaotl H8 pHC. 2, nony'I8eM: 

2 2 
fiM7TfT I dr1 = flM,.17 I dr2 • 

TaKHM o6p830M, BK/18/l OT ITHOH-/lllOHHbiX B38HMO/l9HCTSHH B p83HOCTb llllq)(jlepeHUll8/lbHblX 

CO'IC?Hllli {j. SXOilHT TO/lbKO S llHTep<jlepeHUHOHHblH 'Ili9H, KOTOpblfl S HeKOTOpbTX C/ly'I8SIX 

pAB9H uynro. B 'I8CTHOCTH, ecn11 H3068p8 pOlK!l89TCSI s s -coCTOHHHH, TO npocTpaHCTBeH-

Hall qeTHOCTb M"" -oTpHU8TenbHa. EcnH uyxnoHbi OT aeynpyrHx npoueccoa npu 9THX >Ke 

9 HeprHHX p8cnpeneneHbi H30Tporruo, TO npocTp8HCTSeHH8H 'I9THOCTb M7TfT , onHCbiB8romero 

s -aonaoaoe "" - B38HMO/l9HCTBI!e, /lO/lOJKHT9llbH8. QqeBllllHO, 'ITO B p8CnpeneneHHll 

no nonaoli sHeprHH s CHCTeMe u.H. (~rN) HHTep<jlepeHUHSI 3THX MSTpH'IHblX 3/leMeHTOB 

pasHa HY/110 ll3-38 OpTOf'OH8/lbHOCTH yrnOSbiX 'I8CTeti COOTSeTCTBYIOlllllX SO/lHOShiX <jlyHKUHll. 

TaxHe 6n8ronpHSITH&Ie ycnoaHH MoryT B03HHKHYTb rrpH MB/lbiX aueprHHX H8neT8IOII1HX " -Me-

301-IOB. 

!13 /l8/lbH9liWef'O oyneT SllllHO, 'ITO 3KCH9pHMeHT8/lbHbl9 3HS'IeHHSI pa3HOCTH llHt,~<jlepeH-

UHBJlbHbiX Cet.IeHHii 6_ MOJKHO O/lllC8Tb, He SBO/lSI HHTep<jlepeHUI!H MOlKilY H3068pHblMll K8Ha-

n8MH. P8cCM8TpHB8H 9TOT cny'I8il 6onee nonpo6ao, saeneM 8Mil/IIITY!lbl f 1 H f 2 , KS81l-

p8T MOllY/Ill nepBOH H3 KOTOpbTX O/lllCblS89T p8CnpeneneHHe PO nO/lHOH 9H9pf'Hll S C.U.H. 

rr -Me30H8 II HYK/lOHa, S03HIIKWHX S peaynbT8Te p8Cil81l8 H306apbl , a KB8!lp8T MOllY/III 

sTopoil - p8crrpeneneHHe no nonaoil saeprHH s c.u.H. ayxnoH8 H " -Meaoaa, o6p830Bas-

W8f'OCII OllHOSp9M9HHO C ll306apoli HopMHpyS! KB81lp8Tbl MO!lyneii 8MnllllTYil Ha .e/lliHHUy: 

2 2 
fl £1 1 dw

17
N ~ fl f 2 1 . dwfTN = 1 

H o6o3HBLJ.D.SI qepe3 a
111 

N H u ,.
2
N' nonHbie ceqeHHH o6paaoaaHHSI H3o6ap , pacaa.uaioJUHXCH 

COOTSeTCTSeHHO H8 1T IN' ll 1T 
2 

N; , S p8CCM8Tpi!S89MOM cnyq8e 6yneM HMOTb: 

du 

dw 17 N"' 
I 

d,

dw1T2N' 

2 2 
(ry,;. N,- u ,) (I f I I - I f I ) 

1 rr2 N 2 

2 2 

(I) 

KpllSble pa3HOCTll ¢YHKUllil I r, I. -I £21 • nony'IeHHbl9 no CT8TIICTH'IOCKOI1 ll H3o6apHor"r MO-

/lC?liHM, peaxo OT/IH'I8JOTCH npyr OT npyra. EcnH nepa8H pasHa aynro, TO sTopaH nper!CT8B

nHeT co6oi't 3Hlll<OITepeMeHHyiO <jlyHKUlllO C MSKCHMYMOM ll MllHHMyMOM \pH C. 3) • 

<PopMy/18 \ 1J l!03BO/llleT onpenenHTb SO/lll'lllHbl (u7T_n - ",;+ n ), (u 17""p -U7TOp) r (!71T+p- U7To P) 

ITO 8KCnepHM8HT8JibHbiM .U8HHbiM, nonyqeHHbiM npH J1CCJI80.0B8HHH peaKUHif Tl- p ~ 11- 1T + n 

-· -· 0 + +· 1T p.,. 11 17p H 11 p ... 1T rr 0 p • 00 HafiaeHHhiM p83HOCTHM Cet.IeHHfi MO>KHO BbJl-IHCJIIITb 

MO!Jynn H30TOITHlf0CKHX 8MIIJIHTYJl H (830Bbii'l C.UBHr M8)KllY HHMH, T.e. nonyY:HTb KOJIHqeCTBGH-

HOe OITHC8HH9 H306apHbiX K8H8JIOB. 

7 



• 
5. OnpeneneHHe BKnana peaoHaHcHoro rr N -eaaHMonellcTBHII e ce'JeHHe 

- -· + peaKUHH 1T p + 1T 1T n npH 9HeprHIIX 290, 344 H 360 ~98 

OnpeneneHHe paaHOCTH ceqeHHl! u·-· - u·+ 
"i1 11 n npH 9HeprHH 344 ~98 npOK3BO.llHnOCb 

no peaynbTaTaM HaCTO!IWell pa60Tblo a npH 9HeprHSJX 290 H 360 ~98 - no paHee ony6nHKo

BBHHb!M naHHbiM/
6•151 , 

PacnpeneneHHSJ co6btTHl! peaKuHH (I) npH 9HeprHH HaneTaJOWHX " -MeaoHoe 

344 ~9B no nonHoll 9HeprHH e c.u.H. (rr -·n) H (rr + n) npencTaeneHbJ Ha pHc. 4, OnHa

KO Ha OCHOBaHHH paCCMOTpeHHSI 9THX rpacpHKOB HeB03MO>KHO cnenaTb HHKaKoro aaKnJO'JeHHII 

0 KOnH'IeCTBeHHOM BKnane H306aphl B ceqeHHe HayqaeMol! pe8KUHH, 

B npe.llbl.llYWeM naparpacpe, TOnbKO aHanH3Hpyll paaHOCTb f'>. = .J!.e_ 

KaK 6btno noKaaaHo 

onpenenHTb eenH'IHHhl on"""'n- O'j,+.n 
dw-

1T n 

du 

dw + 
1T n 

J MO>KHO 

npH 9HeprHH 344 ~98 yrnoBble pacnpeneneHHII Hel!TpOHOB H + 
1T -Me30HOB OT peaK-

UHH (I) 6nH3KH K H30TponHb!M (pHC, 5), no9TOMY paaHOCTb /). 6yneT conep>KaTb e 

OCHOBHOM BKna.llbl KBanpaTOB H306apHb!X aMnnHTy.ll H HX HHTepcpepeHUHIO, npeHe6peraSJ 

eenH'JHHOl! HHTepcpepeHUHOHHOrO 'lneHa, MO>KHO .llnSJ OnHcaHH!I 9KCnepH MeHTanbHOl! aaBHCH-

MOCTH f'>. OT C<l 
7Tn soc nonh3oeaTbCSJ cpopMynoll (I). CnpaeennHBOCTb TBKoro ynpoweHH!i 

6yneT ITO.llTBep>K.lleHa nanbHeliWHM aHanH30M, 

~ Ill 
<PyHKUHII I f1 1 Bhi'IHCn!lnacb no cpopMyne, npHeeneHHoll B pa6oTe 

~ 
I r, (wnN >I = u(wnN )F(w,N. m"). 

rne u·(w ) - nonHoe ceqeHKe 
7TN 

CT!t'leCKHl! MHO>KHTenb, ¢yHKUHII 

1T++ p 
2 

I r 21 

eaaKMonel!CTBHII/!
6/, a F(w , m 

11N 1T 

BhPIHCnHJl8Cb B npe.LIITOJ10)K9HHH 

- CTBTH-

1 'ITO ptlc-

nan H306apbl B CHCTeMe , B KOTOpOl! OHa ITOKOHTC!I, UpOUCXO.llHT U30TpOITHO, 3To npH6nK>Ke

HHe !!Bn!leTCSI .llOCTaTO'JHO TO'IHbJM, TBK KaK KeanpaTbl H306apHbiX aMITnHTy .ll He 'IYBCTBHTenb

/ 171 Hht K xapaKTepy yrnoeoro pacnpeneneHH!I nponyKTOB pacnana Hao6apbl • )ln11 Toro, 'IT06b, 

npOBBCTU COnOCTaeneHue C 9KCnepHMBHTanbHb!MU .llBHHb!MH, nony'IBHHb!MH C paapeweHHeM 

. 2 I 12 
""' ) Bbi'JKCnSJliKC b cpyHKUKII I r, I H f2 I> 

1TN ° _ cw!lN-w,;/ 
2 ~ 202 

I r, (wnN ) I. = fl r, (w;N >I e "'"N dw~ 

2 
rpacpKKU cpyHKUKJ! I £,1 2 

p H I f I , a TBK>Ke Hx paaHOCTb npHeeneHbJ Ha puc, 3. 2 p 

Ha puc. 6,6 npencTaeneHo 9KcnepHMeHTanbHOe pacnpeneneHHe nn11 9HepruK 344 ~9B 
B9JlHt:IHHbi !'>. ITOCTpOeHHOe no 324 cny'IB!IM peaKUUH (1), )len!! i\ 

2 2 
HB 1£,1 -If I p 

nonyqaeM 7 3Ha'JeHHl! '1 - - U + 
11 n 17 n 

Hal!neHO p8BHb!M ( 126~27) cny'IBSIM 

p088BWHXCH cnyqaea. 

• p 2 

CpenHee eaeeweHHoe aHa'JeHHe 9TOl! paaHOCTH 6btno 

'ITO COCTSBn!leT (39~8)% OT nonHOrO 'IHCna BHBnHaH-

8 

a a 
A.1anorH'IHhJM o6paaoM c noMOWbJO KpHBhiX If 11 -If 2 I 6blnH o6pa6oTaHbl naHHhl& 

-· 290 .. /15/ 0 . 161 
nnH peaKUHII (I) npu 9HeprR!IX rr -MeaoHOB •••9B H 36 Mas , CooTBeTCTByJO-

LWle rRcTorpaMMht 11 pacqeTHhle Kpi!Bbre npHaeneHhl Ha puc. 1¥ H 6,e. PeaynbTaTbl o6pa6oT

KU nn5! paanH'IHblX 9Heprul! npencTaBneHhl B T86nHUe 2, npu 9Hepr11U ITB.llBIOWHX 1T- -Me

SOHOB 360 ~98 MaKCUManbHaSJ ITOnHa!l 9HeprHSJ B CoUoHo BTOpH'IHhiX 1T -Me30Ha H HyKnOHa 

2 /6/ 
paBHD !218 [v\ae/c , a 3KCUBpHMeHTanbH85! rHCTOrpaMMa, B35!TaSJ H3 pa60Thl , OKaH-

2 2 2 
q 11eaeTc" npu aHeprHH 1240 ~ae/c • )ln" conocTaeneHH5! pacqeTHoro aHaqeHHSJ j£

1
1 -l£al 

B UHTepeane aHepruu 1200-1218 ~9e/c 2 
C COOTBeTCTByiOWell BenH'IHHOl! f'>. o6pa60TKa 

aKcnepuMeHTBnhHhJX naHHhtX npoeonunach e neyx npennono>KBHUIIX: a) nnoTHOCTb pacnpene-

neHH5! cnyqaee p e HH·repeane 1200-1240 ~se/ca He aaBHCHT OT"' , 5) eenH-
rtN 

'JUHB p B 9TOM UHTepeane MeHSJeTCSI nHHel!HOo J.1a Ta6nHUhl 2 BH.llHO, 'ITO B paCCMOTpeH-

Hb!X BllpUaHTBX cpenHHe 3Ha'JeHHSI U -· -• 0" +· 
1T n rr n 

6nHaKH npyr K npyry. 

npoeeneHHbil! aHanua ITOKa3b!BaeT, 'ITO Haot5apHa!l MO.llenb XOpOWO Oni!Cb!BaeT 9Kcne-

pUMeHTBnhHbJe pacnpeneneHHII BenH'JUHbl f'>. npH 9HeprHIIX HaneTaJOWHX 1T -Me30HOB 

290, 344 H 360 ~9B, CnenaHHoe paHee npennono>KeHHe o6 oTcy·TCTBHH e pacnpeneneHHH 

f'>. UHTepcpepeHUHU Me>K.llY .llBYMII H306apHbiMH KaHanaMH IIBn!leTCII cnpaeennHBbiM B paM-
2 

KBX o6pa6aTbiBBBlliHXCII CTaTHCTH'JeCKUX .llBHHbiX, TBK KaK npHMeHeHHe KpHTepHS! X yKaahl-

eaeT Ha xopowee cornacHe KpHBhtx, Bbt'JucneHHhtX no Hao6apHoll Monenu c 9KcnepHMeHTanb-

Hb!MU rUCTOrpaMMaMU ( Ta6nHua 2) o J.1a Ta6nHUbl 2 TaK>Ke· BH.llHO, 'ITO rHnOTeaa 0 'JHCTO 

CTBTUCTU'JeCKOM XBpBKTepe pacnpeneneHUl! 
du du 

H--

dw17-0 dw 17+0 

nonHOCTbiO HCKnJOqaeTCII, TaK 

I;:aK Bb!'JHCneHHbJe B 9TOM cnyqae 3HaqeHU!I X 2 pe3KO OTnH'JaJOTC!I OT UX Cpe.llHHX 3HB'JeHHl!, 

CoeoKynHOCTh 9KcnepuMeHTBnbHb!X naHHbJX, UMeJOWUXC!I npu sHeprH!!X, 5nuaKHX K 

344 ~9B, He npoTUBOpe'IUT TOMy, 'ITO HBllneHHaSJ paaHOCTb Ce'JeHHll H30t5apHhl"r KaHanOB 

npeHMyWeCTBeHHO OTHOCUTC5! K nepexony B COCTO!IHUU C nonHbiM U30TOnU'IeCKHM cnHHOM 

T = Y, • Ecnu 6bt nepexon npoucxonun e cocTOSJHUU c T •l/2 

.llaBBTb OCHOBHOl! BKnan B ceqeHHe peaKUHl! 1T + +·p + 11 ++ 1T + + D 

TO OH .llOn>KeH 6btn 6hl 
+ + ·o 

H7T+p+7T+7T+p. 

"~+ft .. ,..,._oi_ .. 6,5 Ill 
np11 9TOM ycnOBUU U306apHa!l MO.llenb npe.llCKa3hlBaeT .llnSJ ( • 

u·+ . .. "+ "+·n 
" p 1171 

B TO BpeM5! KBK 9KCUepHMeHTanbHOe 3Ha'JeHHe r " 1 • 

3KcnepHMBHTanbHbJe naHHbJe HaCTOSJIUell pa60Tbl no peaKUHH (II ) TaK>Ke He npOTHBO-

pel.IllT npe.UITOJl0}K8HHIO 0 TOM, t{TO BbJ.lleneHHbil! nepeXO.ll npOUCXO.llUT B COCTOSIHUH C 
a/2 

T=Y, 
~ 

u Aa/ 2 

Paanara51 ce'leHH5! 

(eepxHHe HH.lleKChl 

u· - , a + , u 0 , o - no aMnnHTy.oaM A 
rrn 77n 7Tp fTp a/2 

o603HB'IaJOT nonHhll! H30TOnU'JeCKHl! CnHH HB'IanbHOl! CHCTeMbl 1 

a/a 
a >IU>KHHe-nonHblll H30TOnHqeCKHl! CnHH BTOpU'IHblX 7TN - CUCTeM) H nonara!l '\Ia =·0 

nonyqaeM: 

u = ,.-. !..jA~Ia 
3 a/2 ·• u·+:-= 

11 n 

1 jA ~ 2 
'il a/21 · • 

9 

u· = 
170.!" 

u_ 
1T p 

.!.iA*I~ 
Zl a/2 



Vf3 COOTHOW8HHH 
U- -u+ •· 8 !A.~~~ (l 

ITn JTn V a/2 • 26± '!1) 
CJIY'I8HM H8XO.llHM 0 'ITO 

;> 

-S38HMO.ll8ACTSH8 S COCTOH-

I A:;2 1 
• 425 cnyqasM. B ceqeHHe peaKuHH (II) CHJlbHOe ITIT 

HHH T- J- 0 
SKJ18Jl8 He SHOCHT 

0 
n09TOMY 9CT9CTS9HHO npe.onOJ10>KHTb0 'ITO C9'19HH9 

l!o 

npH6J1H>K9HHO cooTseTcTsyeT: u;,o. +'17"-p •· ~ !Aa11 I (63:!;.14) Cny'I&SIM, 
peaKUHK (U) 

3TO 

+9 
3H&'IeHne 6nH3KO K 51_

15 
cnyqmo, HaA.oeHHOMY s H&CTO!IllleA pa6oTe. 

EcnH C'IHT&Tb, 'ITO Sbl.lleneHHbiA nepexo.ll npoHCXO.llRT TOJibKO s cocTOSIHHH c T • Y. , 

TO npH aHeprHH H8J19TB~lUHX 
IT -Me30HOS 344 Mas cyMMB ce'leHHII Hao6apHb1X KBHanos 

cocTasnHeT .. 50% oT nonHoro ceqeHH!I peaKUHH ( I). 

Onpe.oeneHHY~ ponb s aToll peBKUHH HrpaeT TBK>Ke nHoH-nHOHHoe saBHMO.lleAcTsne, 

tiJIHSIHH9 DHOH-nHOHHOrO S3BHMO.ll9ACTSHSI H8 pacnpe.ll9J19HH9 no nOJIHOA aHeprHH S C.U.Ho 

(IT+:IT-) sn.oHo us puc. 7, Hau6onee npas.oono.oot5Hoe o6'bHCHeHHe oTKnoHeHH!I sKcnepnMeHTanb

HoA rKCTOrpBMMbl OT 4Jaaosoil KpHSOil MO>K9T 6b1Tb Jl8H0 0 eCJIH yqeCTb s¢¢eKTbl S3BHMO

Jl9iiCTSHSI/ 181 M930H8 OT pacna.oa H300Bpb1 C M930HOM 0 pO.llHSWHMCSI COSM8CTHO C H306a-

poll. 

HblX 

0 • S03MO>KHOCTH onpe.ll8Jl9HHSI JliJHH fTIT -pacce!IHH!I 

npu aHeprHH H8Jl9T8~1UHX IT -M930HOS 344 Mas yrnosoe pacnpe.oeneHlle STOp11'1-

IT+._Me30HOS OT peaKUliH (I) 6nH3KO K H30TpOnHOMY (pliC, 5a), 0TC~Jl8 CJ19.llY9T 0 

'ITO 113008pB npeHMYlll9CTS9HHO o6paayeTCSI S S -cocTOSIHHll. Vf3 38KOHOS coxpaHeHHSI 

qeTHOCTll 11 nonHoro MOM8HT8 KOJ111'19CTSB JlSli>K9HHSI nerKO yCT8HOSHTb0 'lTd H8il.ll9HHbl8 

p83HOCTH C9'18HHII OTHOCSITCSI K nepexo.ily H8'18JlbHOll IT- p -cl!CT8Mbl 0 H8XO.ll!llll8iiCB B 

COCTOSIHHH C j •Ja H e- 2 0 
S CHCTeMy H3 IT -M930H8 H 113008pbo 0 H8XO.ll!llllHX-

CH B S -coCTOSIHHH. 

AHaJIH3 Ta Koro nepexo.oa, o6oaHa'laeMoro K&K D 8; 2 .. sp a/2 Mo>KeT a Df.HHuHne .oaTb 

HH4JOpM8UH~ 0 JlJlHH8X ~ 
-pacceHHHB. TaK K&K npH sHeprnH 344 Mas npuuenbHblA 

napaMeTp H8Jl9T8~1Uero nHOH8 0 HM9~1Uero f •2 0 
npHOJ1H3HT9JlbHO paaeH O.llHOil KOMnTo-

HOSCKOA JlJlHHe nHOH8
0 

TO MO>KHO npe.llnOJIO>KliTb0 'ITO oopa30B8HH~ H300Bpbl npe.owecTByeT 

OJlHOnliOHHblil o6MeH, .Ll.Harp&MMB (pHC, 8), OnHCbiS8~' !8!1 T8K09 S38HMO.ll9iiCTSH9, COSM9C~ 

HO c .oHarpaMMOA, y'IHTblsa~meA o.oHonHoHHbiA o6MeH 6es o6pasoB<"l''l!l Hao6ap&l, oblna 

paCCMOTp9H8 ti!08J10M H illHHTU8pOM/ 
191

0 KOTOpbl9 S CSOHX pac'leTBX JlJlHH ITIT -pacce!l-

HHSI nOJib30S8J1HCb Jl8HHblMH 0 nonHbiX C9'19HHSIX ITN -ssaHMO.lleAcTsHA, Onpe.oeneHlle 

sKna.oa nepexo.oa D a/2 .. BP8/2 S nOJ1H09 C8'19HH9 peaKUHH (I) no3BOJ1HT nony'IHTb 6onee 

H8Jl9>KHY~ HH4JOpM8UH~ 0 JlJ1HH8X nHOH-nHOHHOrO pacceBHHSI0 T8K KBK Sbl.ll9J18HHblil nepeXO.ll 

onHCbiS89TCB TOJlbKO O.llHOA JlH&rpaMMOA, 

10 

BbiSO.llbl 

I. npe)lJIQ>K9H8 npoue.oypa o6~60TKH sKcnepHM9HT8J1bHbiX pacnpe.oeneHHA 
da 

~ Jln>! peaKnHA Tllna 1rN .. "I 1r 2 N'· 

dw 17 N'· noa B ceqeHllll STHX peaKUllil, 

H 

dcu.,
1 

N' 

0 no3SOJ1H~lll811 Sbl.ll9JllfTb SKJ18.llb! H306apHb!X K&Ha-

2. C UOMOlllb~ STOll npoue.llypbl onpe.ll9J19Hbl p83HOCTH C8'18HHII 11306BpHb!X KBH8JIOS 

JlJlR peaKURH ,-•p .. 7T- IT +'n npR Tpex aHeprHBX H8J18TB~lUHX 7T- -Me30HOS: :l9Q/I5f, 

344 H 360
161 

Mas. 

3. npR KHH9TH'18CKOA SHeprHH " - M830HOS 344 Mas H3MepeHbl nonHble Ce'leHHSI 

- - 0 
Heynpyrux npoueccos 

-27 2 
(!,50:!;.0,10HO CM 

" p .. tt-', + n 

H (0,23 +0,04 
-0,07 

H fT p .. IT IT P 0 KOTOpble OK83BJ1HCb pBSHbiMH 

-27 ~ 
) X IQ CM COOTS8TCTS9HHO, 

4, EcnH C'IHTBTb0 'ITO H306BpHbl8 nepeXO.llbl COOTS8TCTSY~T TOJlbKO nepeXO.llY S COCTOK-

HHH C T = % 
0 

TO SKJ18Jl H306apHbiX K8H8J10S B DOJ1H09 C8'19HHe pe&KUHH 
- - + 

" p .. rr rr o 

npu sHepruu 344 Mas cocTasn!leT oKono 50%. 

5. Vf3 yrJIOSb!X xapaKTepHCTKK STOpH'IHbiX '18CTHU CJ18Jly8T0 'ITO H8il.ll8HHBSI pB3HOCTb 

C9'19HHll H3008pHbiX K8H8J10B OTHOCHTCR K nepeXO.llY Da/2 .. sp a/ 2 0 8H8J1H.3 KOTOporo 

s npKHUHUe U03SOJ1!19T nony'IHTb HH¢0pM8UH~ 0 JlJ1HH8X DHQH-DHOHHOrO pBCC9SIHHRo 

B 3BKn~'leHHe asTopbl C'IHTa~T csoHM npHRTHbiM .oonroM no6naro.oapHTb B.M.noHTe·· 

Kopeo 3a nocTOIIHHbtA HHTep~c K paooTe, ti.A.MemepRKosa sa ueHHble coseTbl, P.M. PblH

.onHa H 3.C. BuneHbKoro 3B none3Hbie o6cy>K.ileHKR, a TBK>Ke KonneKTKS na6opaHTOS K 

M9X8HKKOS, npHHBBWHX yqacTHe S nony'leHRK H Oopa60TK8 9KcnepHM8HT8JlbHOrO M&TepHanB, 
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