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06m.ast xapaKTepucnrn:a .nuccepTauuu 

AKTVaJlhHOCTb TCMbl IICCJle)l0BaHUH 

TipH BbICOKHX :meprnHX B036y)K,nemrn npe,nCTaBJieHHe O KOMnayH.n-H.npe, 

OCHOBHblMll KattanaMH .nea036y)K,neHHH KOTOporo HBJIHIOTCll ucnapem1e H .neneHHe, 

CTaHOBHTCll HenpneMJieMhIM. ~OMHHHpyIOIUHM KaHaJIOM pacna.na CHCTeMbl 

CTaHOBHTCH HOBbIH: MexaHH3M B3pbIBHOro THna - MYJibTHcpparMeHTaUHll, KOTOpall 

xapaKTepH3yeTCH MHO)KeCTBeHHbIM o6pa30BaHHeM cpparMeHTOB npoMe)KyToqttoii 

MaCCbl (IMF, 2 < Z < 20). 
3TOT npouecc a peaKUHHX c a,npoHaMH cpe.nHHX H BhICOKHX :meprnii 6bIJI 

OTKpblT 6onee 40 JieT HaJa,n. Oco61,1ii HHTepec K npoueccy MYJihTHCpparMeHTaUHII 

o6ycJIOBJieH HCKJIIOtJIITeJihHhIM MHOroo6pa3IIeM .nattttoro llBJieHIIH, Il03B0Jll!IOIUHM 

IlOJiytJIITh IIH<pOpMaUIIIO KaK O MexaHII3Max H.npo-H,nepHbIX peaKUHH C 

o6pa30BaHIIeM cpparMeHTOB, TaK II O CBOHCTBax H.nepttoro aemecrna B KpIITII'IeCKHX 

COCTOHHIIHX (npII MaJihJX IlJIOTHOCTHX H 60JihllIIIX :meprIIHX B036y)K,neHIIll). 

TioHBJIHeTCH B03MO)KHOCTI, IICCJie,noBaTh ,naBHO o6cy)K,naeMhie npe.nnoJIO)KeHHll 0 

B03MO)KHOCTII 4la30B0f0 nepexo,na TIIna )KII,LlKOCTb-fa3 B KOHeqHI,JX H,npax npH 

MaKCIIMaJihHOii :meprIIH B036y)K,neHIIH, Kor.na H,npo eme MO)KHO BocnpIIHIIMaTb KaK 

uenoe. COJ,natto 6onee ,neCHTKa MHOro,neTeKTOpHbJX 41t-yCTaHOBOK ,nJIH HJyqeHIIH 

MYJihTII<pparMeHTaUIIII Ha nyqKax TH)KeJihIX JIOHOB II JierKHX peJil!TIIBIICTCKHX 

qacTIIU (npOTOHhl, IlIIOHhl II T.,n.). 

O)KII,naeTCll, qTo npII IlJIOTHOCTllX HII)Ke IlJIOTHOCTJI H.nepHoro HaChIIUeHJill 

(p < p0) II TeMneparypax T :S 20 M3B H.nepHaH MaTepIIH ae.neT ce6H KaK CMec1, 

)KII,LlKOCTh-ral no,no6tto KJiaCCJitJeCKOMY raJy Batt-,nep-Baan1,ca, T. K. npIITl!)KeHJie 

Me)K,ny ttyKJIOHaMII CMeHHTCH OTTaJIKHBaHHeM Ha MaJiblX pacCTOllHIIHX, JI ypaBHeHJie 

COCTOHHHH H,nepHoro aemecrna OKa3hIBaeTCll BeChMa nOXO)KHM Ha TaKOBOe ,nJill ra3a 

Batt-.nep-Baan1,ca. Cne,noBaTeJihHO, B cpa3oBoii ,nIIarpaMMe HMeIOTCll o6nacrn 

)KII,LlKOii, raJOBOii cpa3bl H o6JiaCTh HeycTOITTHBOCTII (cnIIHO,LlaJibHall o6JiaCTb). Otta 

3aHIIMaeT CKpOMHbIH yroJIOK B HII)KHeii qaCTJI ,nIIarpaMMhl, npIIMhIKaIOmIIii K 

o6JiaCTII H.nepttoii )KIIJlKOCTII. CqttrneTCll, qTQ MYJihTH<pparMeHTaUHll npoIICXOJJ:IIT, 

Kor.na roplltJee H.npo nocne paclllttpettIIH 3a cqeT Tennoaoro ,naaneHIIH nona,neT B 

CilIIHO,LlaJihttylO o6JiaCTh <paJOBOii ttecm6IIJihHOCTII. DhICTPhiii pacna.n CJICTeMbl 

npHBO,LlIIT K o6pa30BaHIIIO cpparMeHTOB (H,nepHhle KaneJihKII), OKpymeHHbIX fa30M 

(ttyKJIOHhl, an1,cpa-qacTIIUI,I). Pe% II,LleT O cpparMeHTaX npoMe)KyTOqHoii MaCCbl 

(IMF), K KOTOphIM OTHOCHTCH nerKIIe 3JieMeHTbl OT JIIITIIH (Z=3) .no KaJihUHH (Z=20). 

O6pa30BaB1!1allCH MHOroTeJihHall CIICTeMa 61,1crpo pa3JieTaeTCll no.n .neiiCTBHeM 

KYJIOHOBCKIIX CIIJI, TO eCTh npOIICXO,LlHT pacna.n H,npa B3pbIBOno.no6Horo TJina -

MYJihTIIcpparMeHTaUIIH, KOTOpaH MO)KeT 6b!Th npoHBJieHIIeM cpa30BOro nepexo.na 

)KH,LlKOCTh-ryMaH ()KIIJlKOCTb-nap) B H,nepHOM aemecrne. Bhillle KpHTII'IeCKOii 

TeMneparyp1,1 Tc HaXO,LlJITCll o6naCTb raJOBOH cpa3bl, BKJIIOqaiomaH HYKJIOHhl, a npH 

,LlaJihHeiillleM yaeJIII'IeHJIII TeMneparyp1,1 H JierKIIe Me30Hhl. 

TipII IICilOJih30BaHIIII nyqKOB 3JieMeHTapHbIX qacrnu npo,nyKTbl pacna.na 

B03HIIKaIOT TOJibKO npII ,ne3IIHTerpaUIIII B036y)K,neHHOro, Me,nJieHHO JJ:BJiraIOmerocl! 

cneKmTopa MIIllleHII, 06pa3y10merocH Ha nepaoii cm.nIIII peaKUIIII a pelyJihTaTe 
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BH)'TJ)llll,11:epHoro KaCKa,na. TaKnM o6pa30M, eCTb 0,11:HH HCTOlJHHK, B OTJllllJHe OT 

CJiy"Iall HCITOJlb30BaHHll rry'IKOB OlJeHb TJl)KeJibIX HOHOB, KOr,na HCTO'IHHKOM 

<pparMeHTOB MO)KeT 6bITb KaK MHIIIeHb, TaK n 60M6ap,nnpy10IUall lJaCTHL{a. Tipn 

HCITOJlb30BaHHH rry'IKOB 3JleMeHTapHbIX 'laCTHU TaK )Ke He cymecTBeHHbl 

,nnHaMH'!ecKne 3<p<peKTbI, CBll3aHHbie co c~aTneM ll,nepHoro aemecrna n yrnoBbIM 

MOMeHTOM CHCTeMbl. Cne,noBaTeJibHO, rrpouecc MO)KeT 6bITb orrncaH a paMKaX 

TepM0,11:HHaMHKH. B 3TOM cnyqae ace <pparMeHTbl B03HHKalOT rrpn pacrra,ne TOJlbKO 

0,11:HOro B036ym,neHHOro crreKTaTOpa MHIIIeHn, 3HeprHll KOToporo rrpaKTHlJeCKH 

ITOJIHOCTblO TeITJIOBall B OTJIH'!He OT CJiy"Iall HCITOJlb30BaHHJI ITY'JKOB TJl)KeJibIX HOHOB. 

TeopeTHlJeCKall aKTHBHOCTb B 3TOH 06J1aCTH OlJeHb BbICOKa. EblJlO ITOKa3aHO, 

'!TO: «Tipouecc MHO)KeCTBeHHOH 3MHCCHH <pparMeHTOB ,nettCTBHTeJlbHO llBJllleTCll 

<pa30Bb!M rrepexo,nOM B KOHelJHblX ll,npax B CTJ)OfOM CTaTHCTIIlJeCKOM 11JlH 

TepM0,11:HHaMHlJeCKOM CMbICJie». 3TH CTJ)OKH rrpnHa,11:Jle)KaT H3BeCTHOMy 3Kcrrepry B 

06J1aCTH ll,nepHOH TepM0,11:HHaMHKH rrpoqieccopy ,[(.X.E. fpoccy. 3HalJeHne lpa30Bb!X 

rrepexo,noB (()KH,11:KOCTb - ryMaH>> " (()KH,11:KOCTb - ra'.3» OlJeB11,11:HO ,11:Jlll H,nepHOH 

<pH311KH. Eonee Toro, HX HCCJle,noBaHne ueHHO ,11:Jlll ITOHHMaHHll ,nernneli ,11:HHaM11KH 

caepXHOBbIX. 3TO 6b!J10 Ba)KHOH MOTHBauneli 11HTepeca K Jl,nepHOH 

MYJihTH<pparMeHTaunn 25 neT Ha3a,n. 

Uem. n MeTOJlhl ucCJieJloBannsi. 
OcHOBHbIMH 3a,nalJaMn ,naHHOH pa60Tbl JIBJllllOTCll: 

I. Tipoae,neune pll,na MeTO,nHlJeCKHX pa6oT ITO Mo,nepHH3al{HH ycTaHOBKH <l>A3A: 

• TipoeKTHpOBaHne H C03,[laHne KOMnaKTHOro LJE-E - TeJieCKOna-cneKTJ)OMe'Tpa 

<pparMeHTOB npoMe)KYTO'IHOH MaCCbI, COCTOJIIUero 113 l{HJIHH,11:pH'leCKOH 

HOHII3al{HOHHOH KaMepbl H nonynpOB0,11:HlIKOBOro ,neTeKTOpa. 

• TeCTOBbie ucnbITaHHJI H uccne,noBaHHJI pa3JIH'!Hb!X napaMeTpOB TeJieCKOITOB. 

• 113y"IeHne apeMeHHbIX xapaKTepnCTHK TeJleCKona ,11:Jlll ,11:0CTH)KeHHll 

MaKCHMaJibHOH 3<p<peKTHBHOCTH «coana,neHHJI)) CHrHaJIOB OT LJE H £ 
ClJeTlJHKOB. 

• C03,naHne ,neTeKTOpHoro MO,[lyJlll H3 25 TeJieCKOnoa-cneKTJ)OMeTpOB 

(Mll nOBbIIIIeHHll 3<p<peKTHBHOCTH TJ)11rrepoaaH11ll ycTaHOBKH <l>A3A) . 

• TipoaepKa cneKTJ)OMeTJ)HlJeCKHX CBOHCTB nneHOlJHbIX Cl..{11HTHJ1JlllTOpOB (Csl) 

,neTeKTOpa MHO)KeCTBeHHOCT11. 

2. Tipoae,neHne cepn11 3KCnep11MeHTOB Ha ITy"IKe penllT11B11CTCKHX npOTOHOB. 

3. AHaJIH3 OnbITHbIX ,naHHblX C nOMOIUblO MOCKOBCKO-KOneHrareHCKOH 

CTaTHCTHlJeCKOH MO,nem1 MYJlbTH<pparMeHTal{HH. l1ccne,noBaH11e 113MepeHHOf0 

3apl1,1l:OBOro pacnpe,neneH11H qiparMeHTOB 11 qiopMbl cneKTJ)OB K11HeTHlJeCKOH 

3Heprnn. OueHKa xapaKTep11CTH'lecKoro o6'heMa (11nn cpe,nHett nnornocTH) 

qiparMeHTnpyIOIUero ll,npa. 

4. AHaJIH3 3KCnepnMeHTaJibHbIX 

npoMe)KYTO'IHOH MaCCbl " oueHKa 

<pa30BOro nepexo,na )KH,11:KOCTb-fa'.3. 

,naHHbIX no BbIXO,naM <pparMeHTOB 

Kp11THlJeCKOH TeMneparypbl ,11:Jlll ll,nepHoro 
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HayqnaH H0BH3Ha II npaKTH'leCKaH geHH0CTb pa60Tbl. 
I. Pa3pa6ornHo u H3roTOaneuo 25 KOMnaKTHbIX LJE-E - TenecKorroa

cneKTJ)OMeTJ)OB <pparMeHTOB npoMe)KyrO'IHOH MaCCbl, COCTOJIIU11X H3 

l{HJlHH,11:pH'!eCKOH HOHH3al{HOHHOH KaMepbl 11 nonynpOB0,11:HHKOBOro ,neTeKTOpa. 

OHH YCTaHOBJieHbl Ha 0,11:HOM CTaH,napTHOM Mo,nyne ycTaHOBKH MaKC11MaJibHO 

KOMnaKTHO ,npyr OTHOC11TeJlbHO ,npyra. KoHCTJ)YKUHll HOHH3al{HOHHOH KaMepbl 

Bb16paHa TaKHM o6pa30M, 'IT06b1 co6npaH11e 3apJ1,na nponcxo,n11no nonepeK 

TJ)eKa qacTnu. 3TO o6ecne'!nno 3<p<peKTHBHoe 11 6bICTpoe co6npaHne 3apll,na 113 

acero o6'heMa perncTJ)aunn n noHn3nno aepollTHOCTb peKoM611Haun11 npn 

pernc'Tpaunn ll,nepHbIX <pparMeHTOB. CTaJIO B03MO)KH0 113MepeH11e 

KoppeJilll{HOHHOH <pyHKl.{HH no OTHOCHTeJlbHbIM CKOpOCTJIM, B ,nnana30He yrnoB 

Me)K,ny <pparMeHTaMH 10°< @,el < 180°. 3<p<peKTHBHOCTb TJ)1lrrepoBaH1lll B 

ycTaHOBKe <l>A3A yaenH'!HJiaCb a IIIeCTb pa3. 

2. BnepBbie Hali,neHO, '!TO cymecrnylOT ,11:Ba xapaKTep11CTHlJeCKHX o6'beMa ,11:Jlll 

npouecca J1,nepHott MYJibTH<pparMeHTaunn. TiepBbIH nony"IeH 113 aHaJIH3a qiopMbI 

3KCnepnMeHTaJibHO H3MepeHHOro 3apll,1l:0B0ro pacnpe,neneHml qiparMeHTOB B 

paMKaX MOCKOBCK0-K0neHrareHCKOH CTaTHCTHlJeCK0H M0,11:eJIH 

MYJJbTH<pparMeHTaunn. ,[(oKaJaHo, ':ITO <pparMeHTbI <popMnpYJOTCll nocne 

pacIIInpeHnll ropJ1qero ll,npa npn o6'beM~ Jli= (2.6±0.2) V0 , '!TO coorneTcrnyeT 

KOH<pttrypaunn cncTeMbI Ha 6apbepe qiparMeHTaunn. Brnpoli 

xapaKTepHCTHlJeCKHH o6'beM, Ve= (5.0 ± 0.5)Vo, onpe,neneH H3 aHaJIH3a <pOpMbl 

H3MepeHH0ro cneKTJ)a KHHeTHlJeCKOH 3Heprntt <pparMeHTOB. 3TO TaK 

Ha3bIBaeMblH «06'beM pa3MOpa)K11BaHHll», KOTOpbIH CO0TBeTcrnyeT pa3Mepy 

CHCTeMbl B MOMeHT pa3nern <pparMeHTOB 3a ClJeT KYJl0H0BCK0ro 0TTaJIKHBaH11H. 

3. 113 aHaJIH3a 3KCnepnMeHTaJibHbIX ,naHHbIX no BbIX0,11:aM <pparMeHTOB 

npoMe)KyT0'IH0H MaCCbl Hali,neHO, '!TO KpHTHlJeCKall TeMneparypa ,11:JlH ll,nepHoro 

<pa3oaoro nepexo,na )KH,11:KOCTb-ra'.3 paBHa Tc = (17±2) M38. Entt3Kall aen11YnHa 

nony"IeHa npn aHaJIH3e ,nennM0CTH B036y)K,neHHbIX ll,nep. 

Anpo6agusi pa6oTbl. Pe3ynbTaTbI, npe,ncrnaneHHbie B ,n11cceprnu1111, 

,11:0KJia,[lb!BaJIHCb " o6cy)K,[laJIHCb Ha Hay'IHbIX ceMHHapax B fla6oparnpnn Jl,nepHblX 

npo6neM HM. B.TI. ,[()Kenenoaa O6'be,nnHeHHoro HHCTHTYTa ll,nepHbIX nccne,noaaHHH 

(,[(y6Ha), a TaK)Ke ,11:0KJia,[lb!BaJIHCb Ha Me)K,nyHapo,nHblX KOH<pepeHL{HllX. 

Ily6nuKag1111. Tio MaTepnanaM ,nncceprnunn orry6nnKoaaHo 8 pa6oT. 

O6'beM " CTPVKTVpa JlHCCepTaguu. ,[(nccepTaUlfll COCT011T 113 BBe,neH11ll, Tpex 

rnaB 11 3aKJIIOlJeHnll o6IUHM o6'beMOM 94 CTJ)aH111.{bl, BKJl!OlJaH 36 p11cyHKOB 11 

Cn11COK l{HTHpOBaHHOH JlHTeparypbl 113 128 Ha11MeHOBaH1IH. 
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CoAep:amuue pa6oTLI 

Bo BBCJ!CHHH o6cy)K)laeTCll aKTYaJlbH0CTb pa6oTbl H M0THBaum1 npoB0JlHMbIX 

HCCJie)lOBaHttii, H3JIO)KeHhl C0BpeMeHHbie npencTaBJieHlUI O MexaHH3Me npouecca 

ll)lepttoii MYJibTHCpparMeHTaUHH, naeTCll KpaTKHH o63op no TeMe )lHCCepTal.lllll. 

B nepeoii rJiaBe naeTCll KpaTKHH o63op MO)leJieii H nonxonoa, HCnOJib3yeMbIX 

JlJlll onttcaHttll ll)lepHOH MYJibTIHpparMeHTaUHH. OnttCbIBaeTCll KOM6HHHpoBaHHall 

M0)leJib <pparMeHTaUim ll)lep, KOTOpall HCnOJih3yeTCll )lJill attanma 

3KCnepHMeHTaJlbHbIX naHHblX, nonyqeHHbIX B peaKUHllX peJIJITHBHCTCKHX npoTOH0B 

c HnpaMtt 30110Ta Ha ycrnttoBKe "<l>A3A". B nattHOM nonxone nepaaH 

HepaBH0BecHall CTa)lllll peaKUIUI onHCbIBaeTCll B paMKax MOJlttqmuttpOBaHHOH 

MO)leJitt BHyTpttll)lepHbIX KaCKa)lOB (INC). Tiocne npoX0)K)leHttll nepaoii CTa)lllll 

peaKUHH 06pa3yeTCll BbICOKOB036y)K)leHHOe OCTaT0'IH0e llJlp0, Haxonmueecll B 

COCT0llHHH TepM0)lttHaMH'IeCKOro paBH0BeCttll. Otto pacurnplleTCll 3a C'IeT 

Tennoaoro naBJieHHll H pacnanaeTCll Ha HyKJIOHbl H <pparMeHThl, KOTOphie 

pa3JieTaIOTCll non neil:CTBtteM KYJIOHOBCKHX CHJI. 3Ta CTa)lllll npouecca 

onttChIBaeTCll B paMKax CTaTHCTH'IeCKOH MO)leJIH MYJibTtt<pparMeHTal.lllll (SMM). 

Bee CTa)lllll llJlp0 - ll)lepttoro B3attMO)leHCTBHll MO)leJIHJ)YfOTCll C nOM0mhIO Mernna 

MoHTe-Kapno. TaK)Ke onttCbIBaeTCll 3MnttpH'IeCKall npouenypa C nonoJIHHTeJihHbIM 

c6pocoM 3Heprntt B036y)KJleHttll H MaCCbl ll)lpa OCTaTKa (nocne INC). 3rn 

npouenypa noJBOJIHeT nocTH'Ih cornacllll 3KcnepttMeHTaJihH0 tt3Mepettttoii cpentteii 

MHO)KeCTBeHH0CTH <pparMeHTOB C pac'IeTHhlM 3Ha'IeHtteM, noJiy'IeHHblM B paMKaX 

KOM6ttttttpoaaHttoro nonxona. 

Bo BTOpoii rJiaBe onHCbIBaeTCll MHOro)].eTeKTOpHall 41t ycTaHOBKa "<l>A3A-2" tt 

CHCTeMa c6opa )].aHHblX. Oco6oe BHHMaHtte yneneHO onttcanHIO HOB0ro 

TeJieCK0nHoro MOJlYJill, pa3pa60TaHHOro H peanmoaaHHOro aBTOpOM nucceprnuuu. 

Monynh C0CTOHT lI3 naanuaTH nllTH K0MnaKTHhlX L1E-E - TeJieCK0n0B

cneKrp0MerpoB, K0MnaKTHO ycrnH0BJieHHhIX npyr 0THOCHTeJihHO .upyra (puc. I). 
TeJieCKOnhl 3TOH K0HCTPYKUHH COCT0llT lI3 JlBYX 'IaCTeii - H0HH3al.lH0HH0H 

KaMepbl (LlE) H nonynpOBOJlHHK0BOfO neTeKTOpa (E). Kopnyc C.L{eJiaH H3 

.LlIOpaJIIOMHHHll a q>OpMe yce'IeHHOro KOHyCa JlJIHHOH 83 MM c .L{ttaMerpaMH 64 MM tt 

54 MM CO0TBeTCTBeHH0. BXO.L{HOe OKH0 cnenaH0 H3 Maiinapoaoii nJieHKH TOJimHHOH 

1,5 MKM, K0TOpall KpenttTCll Ha ceTKe lI3 naryHH TOJimttHOH 2 MM H npo3pa'IHOCTbIO 

74%. IfoHmauuoHHall KaMepa HMeeT LlHJIHH.LlpH'IeCKYIO q>OpMy C pa3MepaMH 

pa6oqeil: qacrn 30 MM B mmMerpe tt 35 MM B MHHy (pttc.2). 
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PHc. l. Baepxy- o6mttii BH.Ll ycrnH0BKH «<l>A3A»; 
BHH3Y cneaa - pacnono)Ketttte aeyrpeHHeii 'IaCTH 

TeJieCKOnHoro MO.LlYJill a o6mett reoMerptttt .L{eTeKT0p0B, 

cnpaaa cxeMaTH'IeCKHii pttcyttoK. 
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Puc. 2. CxeMa TenecKona-cneKTJ)OMeTJ)a: 

1-Koprryc; 2-nonynpOBO,[lHHKOBblH ,neTeKTOp; 

3-Karn,n; 4-aHo,n; 5-nneHKH C 30flOTblM HanblneHHeM; 

6- BXO,ll.HOe OKHO; 7-onopHall ceTKa. 

KaTO,[l H3fOTOBneH H3 nonHpOBaHHOH naTyHH H 3a3eMneH. AHO,ll.OM cny)KHT HHTb 

03 30fl0Ta ,[lHaMeTpOM 0,5 MM, KOTOpa» yKpenneHa Ha CTeKnllHHhIX Tpy6Kax 

,[lHaMeTJ)OM 3 MM H TOflll(HHOH CTeHOK 1 MM. O,nHH KOHeu aHO,ll.HOH HHTH JannaBneH 

B CTeKnllHHOH_TJ)y6Ke, a qepe3 ,npyryJO TJ)y6Ky Ha aHO,[l no,naeTCll Hanp»)KeHHe (600 

B). 3aJeMneHHe KaTO,na Tll(aTenbHO KOHTJ)OnHpOBMOCb, H n03TOMY C o6eHx CTOpOH 

KaMepbl ycTaHOBneHhl nneHKH C 30fl0Tb!M HanhrneHHeM, KOTOpbie TO)Ke 3a3eMneHhl. 

KoHCTJ)YKUHll HOHH3aUHOHHOH KaMepbl Bbi6paHa TaKHM o6pa30M, 'IT06bi 

co6ttpaHHe 3ap»,na npottcxo,nttno nonepeK TJ)eKa qacrnu. 3rn o6ecne'!HBaeT 

HH3KYIO BepOllTHOCTb peKOM6HHaUHH npH pemcTpaUHH 11,nepHblX cpparMeHTOB. 

Bb16op TOflCTOH aHO,[lHOH HHTH 6hrn o6ycnoBneH Heo6XO,ll.HMOCTblO o6ecne'!HTb 

3cpcpeKTHBHoe H 6hICTJ)Oe co6ttpaHHe 3ap»,na m Bcero o6'heMa pemcTpaUHH. 

Pa6o'IHH o6neM JanonHeH cppeoHoM (CF4) npH ,naBneHHH 50 Top. 

OCTaTO'IHaH 3Hepmll (E) qacrnu HJMep»eTCH nonynpOBO,[lHHKOBblM 

KpeMHHeBblM ,neTeKTOpOM c pa6o'IHM ,ll.HaMeTJ)OM 40 MM H TOflll(HHOH 750 MKM, 

KOTOpaH ,[lOCTaTO'!Ha MH nonHOH OCTaHOBKH cpparMeHTOB C z 2: 3. 11cnonh3yeTCll 

naccHBHpOBaHHblH HOHHO-HMnnaHTHpoBaHHblH nnaHapHblH ,neTeKTOp. Kopnyc 

,neTeKTopa JaKpenneH 3a HOHH3aUHOHHOH KaMepow. AHanoroBbie CHrHMbl C 

HOHH3aUHOHHOH KaMepbl H nonynpOBO,[lHHKOBOrO ,neTeKTOpa npOXO,LlllT qepe3 

npe,nycHnHTenH H pa3BeTBnlllOTCll Ha ,ll.Ba CHrnana. ,lvlll ycHneHHll 

3HepreTH'!eCKOro CHrnana HCnonhJyeTCll cneKTpOMeTJ)H'leCKHH ycHnHTenh, 

HMrrynhC C KOTOporo no,naeTCll Ha BXO,[l aMnnHry,nHO-UH!ppOBOro npeo6pa30BaTenll. 

,lvl» Bbipa6aTbIBaHHH CTJ)06a BTOpOH CHrnan npoXO,ll.HT qepe3 6b1CTJ)blH ycHnHTenh 

H nona,naeT Ha constant-fraction-,nHCKpHMHHarnp. ,lvl» nonyqeHHll TpHrrepHoro 

CHrHana ,nnll 3apll,!1_0Bb!X H aMnnHTY,ll.HblX KO,!I_HpOBll(HKOB HCnOnhJyeTCll 
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norH'leCKaH cyMMa CHrHMOB COBna,neHHH, nonyqaeMbIX Mll Ka)K,ll.OrO TenecKona. 

Ha pttcyHKe 3 noKaJaH ,nByMepHbIH LJE-E cneKTJ) cpparMeHTOB. qeTKO 

npocMaTJ)HBalOTCll noKyChl C 3apH,!1_0M BITnOTb ,no 2=12. 
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Puc. 3.,[(ByMepHbIH cneKTp cttrnanoB LJE-E (2000 x 2000 KaHanoB), 

H3MepeHHblH 0,[lHHM H3 TeneCKOITOB HOBoro Mo.nynll. 

,[(o MO,LlepHH3aUHH ycTaHOBKH B Ka)K,ll.OM co6b1THH, TpHrrepOM Mll KOTOporo 

llBnlleTCll cpa6aTbIBaHHe 0,[lHOro H3 nllTH TeneCKOnOB, H,[leHTH!pHKaUHll cpparMeHTa 

no 3ap11,ny npOHCXO,!I_HflO TOflbKO B O,ll.HOM nneqe COBna,neHHH (O,!I_HH LJE-E 
TeneCKOn H HeCKOflbKO CUHHTHflflllUHOHHhlX C'leT'IHKOB ). 

TTocne MO,nepHH3aUHH C ,no6aBneHHeM ,ll.Ba.nuaTH nllTH TenecKonoB 

3cpcpeKTHBHOCTb TpHrrepoBaHHll B03pocna B weCTb pa3 H CTano B03MO)KHblM 

H,[leHTHcjlHUHpoBaTb Jap»,n HeCKOflbKHX cpparMeHTOB B Ka)K,ll.OM co6b!THH. 3Ta 

MO,nepHH3aUHll nOBbICHna Ha,ne)KHOCTh H3MepeHHH H 06ecneq11na B03MO)KHOCTb 

myqeHHll KOppenHUHOHHOH cpyHKUHH no OTHOCHTenhHblM CKOpocrnM B ,ll.HanaJOHe 

yrnoB Me)K,Lly cpparMeHTaMH 10° <@,el< 180°. 

B TpeTbeii rJiaBe npe,nCTaBneHhl peJynhTaTbl 3KCnepHMeHTMbHOrO myqeHHll 

MynhTHcpparMeHTaUHH, conpoBO)K,naJOmew coy,napeHHll p+Au npn E = 8.1 f3B. 

AHanH3 npOBO,ll.HflCll C nOMOll(bIO CTaTHCTH'leCKOll MO,[lenH SMM. ,[(oKaJaHO, 'ITO 
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JUUi npouecca xapaKTepHhl .nsa o6beMa (mm nJIOTHOCTU) CUCTeMhl, a He 0.[\UH, KaK 
B TPa.nnunoHHOM no.nxo.ne. 

Onpe.neneHne pmMepos cncTeMhl no cpopMe 3apH.nosoro pacnpe.nenemrn 
cpparMeHTOB: 

<I>opMa 3apll.nosoro pacnpe.nenettnll IMF 3asncnT OT pmMepa cncTeMhl s 
MOMeHT pa3BaJia, KaK nOKa3aHO B Harnett pa6oTe [ I 1 .[lJ!ll cpparMeHTaUHH B peaKUHH 
p(8. I f38) + Au. KaK y)l(e 6hmo CKa3aHo, MexaHmM peaKUHH J:lJlll nerKHX 
peJIHTHBUCTCKUX Il)"IKOB o6wmo .neJIUTCll Ha .nse CTa.[lHH. TiepBall CTa.[lHll -
6hICTPall, BO speMH KOTOpott ncnycKaIOTCll «KacKa.[lHhle» ttyKJIOHhl H 06pa3yeTCll 
B036y)l(.[leHHhltt cneKTaTOp MUilleHH. 3Ta CTa.[lUll onHChIBaeTCll MO.[leJlhlO 

BHYTPHH,nepttoro KacKa.na (INC). 
8TOpYfO crn.nmo onUChIBaeM B paMKaX CTaTUCTWieCKOH Mo.nem-1 

MYJihTUq>parMeHTaUUU (SMM). Mo.neJih nOJBOJIHeT paccqnTaTh MHOroTeJihHhltt 
pacna.n ( o6beMHYfO 3Mnccmo) ropHqero n pacumpettttoro H.npa. 

MhI o6oJttaqaeM 3TY KOM6nttnposattttyl0 Mo.nenh INC+Exp+SMM. O6beM 
cncTeMhI napaMeTPmyeTCH B SMM B sn.ne coornornettn»: v; = (I + k) V0 • B 
mttaqanhHOM sapuattTe Mo.nenn npe.nnonaranoch, qTo v; = Vr, TaKUM 06pa10M, 

6hlJI TOJihKO 0.[lUH napaMeTP, CBH3aHHhltt C pa3MepOM CHCTeMhl. Ott, B nepBOM 
npn6Jiu)l(ettun, onpe.nenHeT n cso6o,ntthltt o6beM (::::, k V0 ), a JHaqnT, H BKna.n 
<<TpaHCJIHUUOHHOro» qJieHa B 3HTPOnUIO KOHeqttoro COCTOllHHll. 8 paMKax MO.[leJIH 

sepOHTHOCTh .nattttoro Kattana pacna.na so36y)l(.neHttoro H,npa onpe.nenlleTCll ero 

CTaTUCTWieCKUM BeCOM, KOTOphltt nponopunoHaneH 3KCnoHeHTe OT 3HTponHH. 
3HTPOnilll paccqnThIBaeTCll s paMKax )l(lf.[lKO-KaneJihHOH MO.[leJIH .[lJ!ll ropllqUX 
cpparMeHTOB. CTaTUCTWieCKall MO.[leJih MYJihTHq>parMeHTaunn yqHThIBaeT TaK)l(e 

BTOpHqHhltt pacna.n B036y)l(.neHHhIX cpparMeHTOB, qTQ BJlHlleT Ha KOHeqHoe 
Jap».nosoe pacnpe.neneHne xo.rrn.ntthIX cpparMeHTOB. 

PncyttoK 4 noKa3hrnaeT 3apH.nosoe pacnpe.nenem1e, nony•-ieHHoe .nnH 
coy.napettnii p + Au npn E = 8.1 f3B. l13Mepettue c.nenatto .nnH nonHpttoro yrna 
87° npn ycJIOBUH, qTO ,neTeKTOp MHO)l(eCTBeHHOCTH 3aperncTpHpOBaJI, no Kpattttett 
Mepe, eme O.[\UH cpparMeHT npoMe)l(yTOqHOH MaCChl. JlHHHH nonyqeHhl B 
pe3yJihTaTe pacqern no Mo.nenu INC+Exp+SMM .nn» TPeX JttaqettHtt «pacna.nHoro» 
o6bel\m (2V,,, 3V,b 5Va)- Bu.ntta JaBHCHMOCTh pacqeTHOro Bh!XO.[la OT nJIOTHOCTH 
cncTeMhI. ,lvrn cpasttettilll mMepettttoro JapH.nosoro pacnpe.neneHHH c pacqeTHhlM 
UCnOJih30BaJICll MeTO.[l HaUMeHhlIIUX KBa,npaTOB. Ha Pnc.5 nOKa3aHO 3HaqeHUe x2 B 
cpyttKUUH v;1vo. I-fa noJIO)l(eHUll MUHUMyMa n cpopMhl KpHBOH .nenaeTCll JaKJifOqettHe, 
qTQ 06beM CIJCTeMhl B MOMeHT pa3BaJia paBeH v; = (2.6± 0.3) Vo. TIOKa3atta .[lBOHHall 
CTaTHCTWieCKaH ornu6Ka. 3To 3Haqettne o6beMa COOTBeTCTByeT cpe.ntteii nJIOTHOCTH 

CUCTeMhl B MOMeHT pa3BaJia P1= (0.38 ± 0.04) Po· OnteTIJM, qTQ xapaKTepHhle 
pa3Mephl CHCTeMhl npaKTWieCKH He MeHHIOTCll npn copTHpOBKe co6bITHH no 
MHO)l(eCTBeHHOCTIJ cpparMeHTOB. 
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Puc. 4. 3apll.[l0Bhie pacnpe.neneHilll cpparMeHTOB npoMe)l(yTOqHOH MaCChl, 
IJJMepeHHhle .[lJIH coy.napeHIJH p (8.1 f38)+ Au ( CUMBOJihI), n 
paccqIJTaHHhie no Mo.nenu INC+Exp+SMM .nn» paJJIWIHhIX o6beMOB 

CIJCTeMhl B MOMeHT pa3BaJia. 
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Puc. 5. 3ttaqettue x2 s cpyHKUIIII v; IV0 , nonyqettttoe m cpastteHilll mMepetttthIX 
u pacqeTHhIX Jap».noBhIX pacnpe.nenettntt IMF. Ha1rnyqIIIeMy cornacu!O 
MO.[leJihHhIX pacqeTOB C 3KCnepnMeHTOM orneqaeT v; = (2.6± 0.3) Vo. 
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Onpe.11,eJieHIIe QaJMepoB 11CTO'IHl1Ka 113 cneKTOOB KHHeTH'leCKOH :meprnH 

!lm.arMeHTOB: 

B KHHeTII'leCKOH JHeprn11 cpparMeHTOB s o6meM cJiy'lae cne.uyeT BbI,/leJJl1Tb 

'leTbipe KOMnOHeHTbl. ITepBaJI, TenJIOBaJI, CBJl3aHa C HarpeBOM ll.Upa; BTOpaJI - C 

ycKopeH11eM B KYJIOHOBCKOM none Cl1CTeMbI; TPeTbJI KOMnOHeHTa nOJIBJIJleTCJI, eCJIH 

Cl1CTeMa BpamaeTCJI; ITOCJie,llHJIJI CBJl3aHa C KOJIJJeKTIIBHbIMl1 nOTOKaM11 pa3HOro 

npo11CXO)K,lleH11J1: 

E=E1h +Ee+ Ero1+ E11ow (I) 

CornacHo aHaJIHJy, npose.uenHoMy KOJIJJa6opau11e11 <l>A3A, TennosaJI KOMITOHeHTa 

np11MepHO B TPl1 pa3a MeHbllle, 'leM KYJIOHOBCKaJI JHeprttll. BKJia,ll KOJJJJeKTHBHOfO 

Bpamemrn 11 ITOTOKa HeBeJJl1K ./lJJJI coy.uapeHl1H p + Au. TaKHM o6pa30M, Bee 

onpe.neJIJieTCJI BeJIH'IHHOH KYJIOHOBCKOro ITOJJJI CHCTeMbl. A JTO 03Ha'laeT, 'ITO 

cneKTP KIIHeTlf'!eCKOH JHeprnH mo6oro cpparMeHTa BeCbMa 'IYBCTBHTeJJeH K 

pa3MepaM HCTO'IHHKa. 

Q)Klf,Z(aeMblll cneKTP noJiy'laeTCJI rryTeM pacqern MHOroTeJibHbIX KYJIOHOBCKHX 

TPaeKTOpHii. Ero crnpTOBOH TO'IKOH J1BJIJ1eTCJ1 pa3MeLUeHHe scex 3apJI)KeHHbIX 

'laCTHU .llJlll .uaHHoro KaHana pacna.na BHYTPH o6oeMa Vr, orne4a10mero CHTyauHH, 

Kor.ua cpparMeHTbl y)Ke OT,lleJIHJIHCb .upyr OT .upyra If MoryT CB060.UHO 

nepeMemaTbCJI no.u .uettCTBHeM KYJIOHOBCKOro paCTaJIKHBaHHJI. Pac'leT 

KYJIOHOBCKHX TPaeKTOpHH np0B0./ll1TCJI .llJlJI ./lBlf)KeHl1JI B Te'leH11e 3000 <l>M/c. 

K JTOMY MOMeHTY KHHeTH'leCKaJI JHeprnJI cpparMeHTOB y)Ke 6JJH3Ka K 

aCHMITTOTlf'!eCKOMY 3Ha'leHHIO. TaK11e pac'leTbl JIBJJJIIOTCJI !pl1HaJibHOH CTyneHb!O 

KoM6HHHposaHHOH MO.lleJJH INC+Exp+SMM. 

Ha pHc.6 ITOKaJaHO cpaBHeHHe lf3MepeHHbIX 11 pac'leTHbIX cneKTpOB H.uep 

yrnepo.ua, HcnycKaeMbIX non yrnoM 0 = 87° B coy.uapeHHHX p + Au np11 JHeprnH 

nY'!Ka Ep = 8.1 [3B. ,[vlJI BbI,lleJJeHHJI MYJJbTllcpparMeHTal.(lfl1 6paJIHCb TaKHe 

co6b!THJI, Kor.ua perttCTPHPOBaJIHCb, no Kpat\Heti Mepe, .usa cpparMeHTa. Pac'leTbI 

6bIJIH C,Z(eJiaHbl C o6oeMOM Cl1CTeMbl Ha JTane o6pa30BaHHH cpparMeHTOB V1=2.6 Vo. 
O6oeM «paJMOpa)KHBaHHJI)) Vr 6paJICJI B Ka'leCTBe CB06o.uHoro napaMeTPa. 

Mo.uem,Hble cneKTPbI, ITOKa3aHHbie Ha pHc.6, nOJIY<IeHbl s npe.unoJJO)KeHl1JIX, 

'ITO Vr !Vo paBHO 3, 6 If 13. 11cnOJib30BaJICJI MeTO.ll HaHMeHblIIHX KBa.upaTOB .UJJJI 

onpe.ueJieHHJI OITTHMaJibHOro 3Ha'leHHJI Vr. PIICYHOK 7 noKa3bJBaeT X2 
B cpyHKL(lflf 

Vr I V0 • 113 ITOJIO)KeHHJI MHHHMyMa II noJiyrnHpHHbI pacnpe.ueJieHHJI nOJJY<IaeM 

Vr = (5.0 ± 0.5)V0 • 
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Puc.6. CneKTP yrnepo.ua (0 = 87°, p+Au, 8.1 fJB); 

JIHHHH - pac'leT ./lJJJI yKaJaHHbIX 3Ha'leHHH Vr 
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Puc.7. 3Ha'leHHH x2 

B cpyHKL(lflf Vr!Vo' noJJy'leHHbie npH cpaBHeHHH 

lf3MepeHHbIX If pacqeTHbIX CITeKTPOB KHHeTH'leCKOH JHeprnH 

yrnepo.ua. BbJ,lleJIJIJIHCb co6b!THJI c MHO)KeCTBeHHOCTb!O 

cpparMeHTOB M2.2. 
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51.nepHall MYJibTmpparMeHTaUllil II .nenemie: CX0.!lCTB0 II Qa3JII1qI1ll 
CyruecrnoaaHile JJ:Byx xapaKTepHbIX 061,eMOB J]Jlll npouecca 

MYJibTil<ppanteHTaUIIll IIMeeT np03paqHbIH CMbICJI. IlepBbIH 061,eM, Vi, 
C00TBeTcrnyeT M0MeHry cpopMI1pOBaHilll <ppa,rMeHTOB, K0r)].a ropllqee ll!lp0 nocne 
HeK0TOporo pacrnI1peHI1ll TPaHc<popMI1pyeTCll B KOH<pilrypaumo, B KOTOpOH y)Ke 
HaMeTIIJIHCb «npecpparMeHTbl)). 3TO 6ynyIUI1e <pparMeHTbl, Me)Kny K0TOpbIMH Bee 

erue eCTb CBll3II (llJJ:epHoe BJaIIMO!(eikrnne). IlpII !laJibtteiiweii 3B0JIIOUHH CIICTeMbl 
npecpparMeHThl YJJ:aJilllOTCll npyr OT npyra non neHCTBileM KYJI0H0BCK0ro 
pacTaJIKIIBaHilll n IT0JIH0CThlO paJneJil!IOTCll. 3Ta KapTIIHa oqettb ttanoMnttaeT TO, 
qTQ np0IICX0)].IIT npII o6hJqHQM nenettnn. B ceJ]Jl0B0H TQqKe ll!lP0 HMeeT erue 

nocrnrnqHo K0MnaKTHYJO cpopMy, HO cnoco6 paJne11ettI1ll y)Ke npenpewett TeM, 

KaKOH tta6op napaMeTP0B ne<popMaUIIII peaJIH30BaJICll, qTQ np0llBJilleTCll B 
K0HeqHQM KaHane nenettilll B Bil!le l!BH0H MaCC0B0H aCHMMeTPHH. 51nepttoe 
BJaIIM0!(eHCTBHe Me)Kny «6ynyIUIIMII» 0CK0JIKaMn yMeHbWaeTCll no Mepe cnycKa c 
6apbepa nenettIIll II I1cqe3aeT B T0qKe pa3phrna. Cxoncrno o6oIIX rrpoueccoa 6b1110 
anepab1e 0TMeqeHo rrpo<p. ,n:. fpoccoM. B pa6oTe Jlorreca II Pattnpyna paJBIITa 

Teopllil MYJihTII<pparMeHTaUIIII, 0CH0BaHHall Ha o6o6rueHIIII n0HHTllil rrepeX0!lHhIX 
COCTOllHIIH, BBe)].eHHhIX J]Jlll )].eJieHilll B 1938 r. EopoM II YIIJIJiepoM. Teopllil 
Il03B0JilleT paccqHTaTb Il0TeHI.(HaJihtty!O 3HeprH!O B <pyHKUIIH pa3MepoB CHCTeMbl H 
qncna rrpe<pparMeHTOB, )].aBall xapaKTepHCTHKH rrepeX0)].HhIX C0CT0llHHH H BhIC0TY 
6apbepa J]Jlll <pparMeHTaunn. PaccqnThIBa!OTCll Bep0llTH0CTH JaceJieHHll 
rrepeX0)].HhIX COCTOllHHH, K0TOpbie n orrpe)].eJil!IOT )].aJibHeiirnyJO CYJ1.b6y CHCTeMhl. 

Ey)].yqn K0Hl.(eITTYaJihH0 n0)].06Ha 3T0H Teopnn, IIJHaqaJibHall CTaTHCTIJqecKall 

M0)].eJih MYJihTH<pparMeHTaunn (SMM) ncrroJihJyeT oiJuH rrapaMeTp, CBl!JattttbIH c 
pa3MepoM CIICTeMbl, - Vi- <l>aKTnqecKall BeJinqIIHa Vi HaX0)].IITCll lI3 cpaBHeHHll 
IIJMepeHHoro Japl!JJ:0Boro pacrrpeJJ:eJieHnll IMF c pacqernhIM pacnpeJJ:eJiettneM. 
B JJ:yxe pa60ThI Jlorreca n PaHJJ:pyna ero c11eJ1.yeT ttaJhIBaTb «o6beMOM» 
rrepeX0)].H0ro C0CT0llHIIll, Vi = (2.6 ± 0.3) Vo. Ilo3TOMY ncn0JihJyeM HH)].eKC «t» -

«transition state volume». ,n:pyroii napaMeTP paJMepa <pparMeHTnpyJOruero llJJ:pa 
o6Hapy)KIIBaeTCll B peJyJihTaTe attaJIIIJa cneKTP0B KHHeTnqecK0H 3tteprnn 
ipparMeHTOB. OH orneqaeT o6beMy CIICTeMbl B M0MeHT pa3pbIBa nepeMbJqeK Me)Kny 
rrpeipparMeHTaMII (CM. pnc.8), K0r)].a ttaqnHaeTCll KYJIOHOBCKIIH PaJJieT qacrnu. 

TaKIIM o6pa30M, Ve = (5.0 ± 0.5) Vo llBJilleTCll o6beMOM «pa3M0pa,KHBaHllll)) 

(freeze-out) J]Jlll MYJihTII!pparMeHTaunn B coyJJ:apettlli!X p + Au. 3rn 0JHa4aeT, 4To 
ll)].epHoe BJaIIM0)].eHCTBIIe erue cyruecrneHH0, K0r)].a o6beM CIICTeMbl paBeH Vi, n 
T0JihK0 K0r)].a CIICTeMa paCIIIIlpIITCll )].0 Ve, ipparMeHThl CB060)].HO pa3JieTaJOTCll no)]. 
)].eHCTBIIeM KYJI0H0BCK0ro paCTaJIKIIBaHIIll. 
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Puc. 8. Baepxy: KaqecrneHH0e rrpeJJ:CTaBJieHne rroTeHU:HaJihHOH 3Heprnn ropl!qero 

llnpa B <PYHKUIIII paJMepoa cI1cTeMb1. OcHOBttoe cocTOllHIIe 
coorneTcrnyeT £0 •, B - 6apbep ipparMeHTaUIIII, Q - Bhl)].eJil!eMall 3Heprllil. 

8Hmy: cxel\m rrpouecca MYJihTH!pparMeHTaUI1I1 n ero apeMettttall rnKana. 

BepOllTHOCTh Ka)K)].0ro Kattana pacrra)].a a CTaTIICTnqecK0H M0)].eJIII 6epeTCll 
rrponopunoHaJihH0H CTaTIICTnqecK0MY aecy K0JIJieKTHBa HJ M ipparMeHTOB. 3TO 
60JibIIIOe . yrrporueHne, TeM He MeHee CTaTIICTnqecKall M0!leJib 

MYJihTII!pparMeHTaUim, SMM, ycnewtto onncblBaeT Japl!J1.0BbIe (Maccoab1e) 
pacrrpeJ1.e11eHllil ipparMeHTOB, o6paJyJOIUIIXCll B npouecce Tennoaoii 
MYJihTII!pparMeHrnunn. OTMeTIIM erue paJ, qrn B TPannunottH0M aapnattTe SMM 
IICIT0JibJYeTCll 0)1.IIH napaMeTP pa3Mepa CIICTeMhl, HaJbIBaeMblH «06beM 
pa3M0pa)KIIBaHIIll». OrpaHnqeHIIll TaK0ro IT0)].X0)].a ceiiqac y)Ke oqeBII)].Hhl. 
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KpHTw-i:ecKm1 TeMneparypa - II3 3apirnoBoro pacnpeneneHIIH 

Benw-i:IIHa KpHTw-IecKoii TeMnepaT)'J)hI JUUi ll,nepttoro cpa3oBoro nepexo.na 

,KIIJJ:KOCTh-ra3 onpe,neJillJiaCb BO MHOrIIX TeopeTw-IeCKIIX pa6ornx pa3HhIMII 

cnoco6aMII. B pll.ne pa6oT, K npIIMepy, :no ,neJiaJIOCh C IICilOJih30BaHIIeM TeOpIIH 

XapTPtt-«l>oKa c cHJiaMH CKttpMa. Haii,neHHhie 3Ha'IeHIIll Tc JieJKaT B ,nIIana3oHe 10 -
20 MJB B 3aBHCHMOCTH OT Bb16paHHhIX napaMeTPOB HyKJIOH-HyKJIOHHOro 

B3aHMO,neiiCTBHll H ,neTaneii MO.D:eJIH. rnaBHhIM HCTO'IHIIKOM JKCnepHMeHTaJihHOH 

IIH!pOpMaUIIII OTHOCHTeJihHO BeJIH'IHHhl Tc !IBJilleTCll cpopMa 3apll,nOBOro 

pacnpe.neneHHll cpparMeHTOB npoMeJKyTO'IHOH MaCChl. B HeKOTOpb!X 

CTaTHCTH'IeCKHX MO,neJillX npouecca IlOKa3aHO, 'ITO cpopMa 3apll.D:OBOro 

pacnpe.neneHHll Y(Z) 'IYBCTBHTeJihHa K BeJiw-IHHe TITc. 3TO pacnpe.neneHIIe xopowo 

OilIIChJBaeTCll nonynllpHbIM CTeneHHhIM 3aKOHOM Y(Z) ~ Z - ', KOTOpblH 

npe,nCKa3bJBaeTCll B MO,neJIH «l>IIwepa .D:Jill KJiaCCH'IeCKOH CHCTeMbl B6JIH3H 

KpHTH'IeCKOH TO'IKH. B pll,ne pa6oT 6hIJia .natta cepbe3Hal! KpHTHKa npIIMeHeHHll 

ll,nepttoii MO,neJIH «l>nwepa. 11Mell JTO B BII.D:Y, Mb! oueHIIJIH KpHTw-IeCKYIO 

TeMneparypy Tc, ncnoJih3Yll CTaTIICTII'IecKy10 Mo.nenh SMM, KOTopall BeChMa 

ycneWHO OnIICbIBaeT pa31IH'IHhie xapaKTepHCTHKH npouecca MYJihTHcpparMeHTaUHH. 

B JTOH MO,neJIH paccMaTPHBaeTCll MIIKpOKaHOHH'IeCKHH aHCaM6Jib KOHe'IHOro 

COCTOllHHll nocne npouecca TenJIOBOH cpparMeHTaUHII ropll'Iero ll,npa: CYMMa 

HyKJIOHOB H B036y)K,neHHhIX cpparMeHTOB C pa3JIH'IHOH Maccoii. KaK yJKe 
OTMe'IaJIOCh, pacna.n B036yJK,nettHoro ll,npa npoIIcxo,nIIT nocne HeKoToporo 

pacumpeHHll 3a C'IeT TenJIOBOro .naBJieHHll. BepOllTHOCTh pacna.na no .naHHOMY 

Kattany j nponopunOHaJihHa ero CTaTHCTH'IeCKOMY Becy ~ : 

~ ~ exp ~ ( Ex, A 0 , Z0 ), (2) 

r.ne sj - JHTPOilIIll CIICTeMbl B KaHane j. 3ttepmll B036yJK,neHIIll, Macca H 3apll.n 

pacna.nmomerocl! ll,npa o603Ha'IeHbl KaK Ex, Ao H Zo COOTBeTCTBeHHO. «l>parMeHThl C 

MaCCOBhIM 'IHCJIOM A > 4 paccMaTPHBalOTCll KaK KanJIH ll,nepHOH ,KIIJJ:KOCTH. Kattan 

xapaKTep1nyeTCll Ha6opoM MHOJKeCTBeHHOCTeH cpparMeHTOB {NAz}, npII'IeM A Hz 

npo6era10T Bee 3Ha'IeHHll, .nonycKaeMhie 3aKottaMH coxpatteHHll Macchi II 3apl!,na. 

3HTPOilHll KaHana nonyqaeTCll cyMMIIpOBaHHeM JHTPOilIIH Bcex 'IaCTIIU Az B 

,naHHOM KaHane: 

[ 
aF AZ ) 

s j = L N AZ s AZ , s AZ = - BT V 
(3) 

CBo6o,nHal! JHepmll cpparMeHTa FAZ llBJilleTCll cyMMOH TepMOB: 061,eMHOro, 

noBepXHOCTHOro, CHMMeTPHH (3aBIICl!ll)ero OT N-Z), KYJIOHOBCKOro II 

TPaHCJil!UIIOHHOro, KOTOpbIH CBll3aH C .D:BHJKeHIIeM B CB06o.nHOM npOCTPaHCTBe: 

V S sym C t 
FAZ =FAz+FAz+FAz +FAz+FAz· 
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IloBepXHOCTHall JHeprIIll, FJz , 3aBHCHT OT KpIITII'IeCKOH TeMnepaTyphl, a JTO 

03Ha'IaeT, 'ITO 3apll.D:OBOe pacnpe.neneHIIe cpparMeHTOB 'IYBCTBHTeJibHO K BeJIII'Il!He 

s Tc. l1cnoJih3yeTCll cne.ny10mee Bh1paJKettIIe .D:Jill FAZ : 

( 

5/4 
S 2/3 r 2 

- r 2 

FAz = as(T)A , as(T) = as(O) ~) , 
Tc +T 

(4) 

r.ne a.,(1) = 4n rJ o(_T), a o(_T) - 3aBIICllll)HH OT TeMneparyphI KOJ!p!pIIUHeHT 

noBepXHOCTHOro HarnJKeHHll. 

Ha pIIc.9a noKaJaHo · II3Mepettttoe 3apl!,nOBOe pacnpe.neneHHe cpparMeHTOB, 

B03HHKaIOII)lIX B coy.napeHHllX p(8. l fJB) + Au. JIIIHHllMH .naHbl pac'IeTHble 

3apll.D:0Bble pacnpe.neneHIIll, nonyqeHHbie .D:Jill pa3Jill'IHhlX 3Ha1-leHIIH KpHTH'IeCKOH 

TeMnepaTyphi. ,[vill Bcex 3Ha'IeHHH Tc pac'IeTbl npOBO.D:HJIHCh TaKIIM o6pa30M, 

'IT06bI MHOJKeCTBeHHOCTh cpparMeHTOB 6hIJia 6JIII3Ka K II3MepeHHOH. Cpe,n:Hllll 

nJIOTHOCTh ll.D:pa npe.nnonaranacb paBHOH OJJ:HOH TPeTII OT HOpMaJihHOro 3HalJeHHll: 

p = Il3Po· CTaTHCTII'IeCKall OWH6Ka II3MepeHIIH He npeBblWaeT pa3Mepa «TO'IeK». 

113 pIIcyttKa BIIJJ:HO, 'ITO pac'IeTHhie 3apll.D:OBhie pacnpe.neneHHll ttennoxo 

OilIIChIBaIOT JKCnepIIMeHT B npe.nnonoJKeHHH, 'ITO KpHTII'IeCKal! TeMnepaTypa, Tc, 
6JIII3Ka K 18 MJB. 

OTMeTJIM, 'ITO HaIIJIY'IWeMy cornaCHIO MO.D:eJihHOro pacqern c .naHHblMH 

oTBe'IaIOT cne.ny10mtte cpe.ntttte xapaKTepHCTHKH cpparMettrnpy10mero ll,npa: Z=67, 
A=157, JtteprHll B036yJK,neHIIll 525 MJB (TeMneparypa ~5.2 MJB). TeopeTH'IeCKIIe 

KpHBbie OTXO.D:llT OT JKcnepIIMeHTaJihHhIX .naHHhIX npII yMeHhWeHHII 

npe.nnonaraeMoro 3Ha'IeHHll KpHTH'IeCKOH TeMneparyphI. 113 pttcyHKa 96 OlJeBH.D:HO, 

'ITO JKcnepttMeHT xopowo OilHChIBaeTCll TaKJKe II CTeneHHOH cpyHKUHeii C 

xapaKTepHblM KOJ!p!pHUHeHTOM HaKJioHa "tapp ~ 1.8. CpaBHeHHe II3MepeHHhlX 

3HalJeHHH IlOKa3aTeJill CTeneHHOH cpyHKUHH C MO,neJibHhlMH npe,ncKa3aHHllMH, 

nonyqeHHhlMH ,nJill pa3JIH'IHhIX B03MO,KHhlX 3HalJeHIIH Tc, npe,nCTaBJieHO Ha pttc.9 

a, 6. 11cnoJih30BaJIIICh ,naHHhie, nony'IeHHhle .D:Jill coy.napeHHH p + Au npH JHeprnllX 

3.6 H 8·. I fJB. 113 YCJIOBHll HaIInyqwero cornaCJill MO,neJibHblX pac'IeTOB C 

JKcnepIIMeHTOM npII o6ettx Jtteprnllx nonyqaeM, 'ITO KpHTH'IecKall TeMnepaTypa 

.nn11 l!,nepttoro cpa3oBoro nepexo.na JKH.D:KOCTh-ra3 paBtta: 

Tc = (17 ± 2) MJB. 
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Puc. 9. l1JMepeHHb1e n pac11eTHbie JapHJJ.OBbie pacnpeJJ.eneHHH 

qiparMeHTOB 03 coyJJ.apeHHH p(8. lfJB) + Au: a) JIHHHH 

pacc11nTaHbI B MOJJ.enu INC+Exp+SMM B 

npeJJ.IlOJIOlKeHHH, 1ITO Tc= 7, 11 H 18 MJB; 6) no.[J.roHK~ 

no CTeneHHOMY JaKOffY. 
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Puc. 10. IToKaJaTeJib cTeneHHOH cpyHKUHH MH 3apHJJ.oaoro 

pacnpeJJ.eJieHHH qiparMeHTOB 03 coyJJ.apeHnii p + Au npn 

JHepmn 3.6 H 8.1 fJB. l13MepeHHbie 3HatJeHHH T .[J.aHbl 

rop030HTaJibHOH IlOJIOCKOH. PeJyJibTaTbl pac11eTOB C 

pa3JIH11Hb!MH 3Ha11emrnMH Tc B npeJJ.ITOJIOlKeHHH, '{TO 

cnpaae.[J.JIHBa q>OpMyna (1), ITOKaJaHbl qepHblMH KBaJJ.paTaMH. 

qepHbie KPYlKKH - JJ.JIH JIHHefiHOH JaBHCHMOCTH 

noaepxHOCTHoro HarnlKeHHH OT TITc. 

! 061,e.n;irneHIJJ/IH HHCTHTYT.! 
I 5Ip;epm,1x uccne,n;0Bam111l 

BI-1BTIHOTE}{A ! 



3TOT pe3yJihTaT, 6e3ycJIOBHO, MO.UeJibHO 3aBl!CHM. B 4aCTHOCTH, BeCbMa 

cymecTBeHHO, KaKOBa TeMneparypHaJI 3aBHCHMOCTb noBepxHOCTHOro HaTJI)KeHHJI 

a(7). Ha pttc. 10 (cpe.UHJIJI naHeJib) npHBe.ueHbl pac4eTbl C 11cnOJib30BaHl1eM 

JIHHettHOH 3aBl1CHMOCTH a OT TITc TaK, KaK 6hIJIO c.ueJiaHO B cepHH .upyrnx pa6oT. 

TOJibKO 3.UeCb pac'-leTbl Be.uyTCJI B paMKa" nOCJie.UOBaTeJihHOH CTaTHCTH'-leCKOH 

11,rn.ueJIH, a He B ynpomeHHOM no.uxo.ue, HaJhmaeMoM nptt6JIH)KeHtteM <l>muepa. 

IloJiyqeHHbJe npH '.HOM 3Ha'-leHHJI napaMeTPa T OKa3hIBaIOTCJI cymecTBeHHO HH)Ke 

ll3MepeHHbIX BeJill'-IHH, '-ITO CJie.uyeT pacueHHBaTb KaK YKaJaHHe Ha TO, '-ITO TaKaJI 

napaMeTPmaumi: HepeaJIHCTll'-IHa. DblJIO npoBepeHO TaK)Ke, HaCKOJihKO 

'-IYBCTBHTeJieH pe3yJihTaT K BeJIH'-IHHe napaMeTpa IlJIOTHOCTH ypoBHeii ll.Upa, a. 
,D;eJIO B TOM, '-ITO qiparMeHTbl ll OCTaTO'-IHbie ll.Upa, o6pa3yIOII.(HeCJI B npouecce 

MYJibTttqiparMeHTal..{Hll, OKa3bIBaIOTCJI B036y)K.UeHHblMH. 11x BTOpH4HblH pacna.u C 

ucnapeHHeM ttyKJIOHOB H aJibqJa-4aCTHU 3aBHCHT OT BeJIH4HHbl napaMeTpa a. 
O.uHaKO ll3MeHeHHe ero .ua)Ke Ha 20% (.uo All 0) CJia6o BJIHJleT Ha BH.!l 3apJ1.UOBOro 

pacnpe.ueJieHHJI qiparMeHTOB ll He MeHJieT BeJIH4HHY Tc, H3BJieKaeMyIO H3 aHaJIH3a 

qiopMbl Y(Z). CaMaJI HH)KHJIJI KpHBaJI Ha puc. 10 paCC'-IHTaHa B npe.unoJIO)KeHHH, 4TO 

napaMeTP MO.UeJIH K =5, '-ITO COOTBeTcTByeT nJIOTHOCTH CHCTeMbl BO BpeMJI pa3BaJia 

p= I/6po. IlpH 3TOM pac4eTHbie BeJIH'-lllHbl napaMeTPa •app cymecrneHHO HH)Ke 

H3MepeHHblX 3Ha'-leHHH nptt JII06oii KpHTH4eCKOH TeMnepaType. 3TOT pe3yJihTaT 

cornacyeTCJI C TeM, 4TO nJIOTHOCTb B036y)K.ueHHOro ll.Upa B MOMeHT pa3BaJia 

npttMepHO B TPH pa3a MeHbIIIe, '-leM Po· 
IloJiy4eHHaJI BeJIH'-IHHa KpHTll'-leCKOH TeMnepaTypbl B 2-3 pa3a npeBbIIIIaeT 

3Ha'-leHHe Tc, KOTOpoe Haii.ueHO B PJI.Ue pa6oT nyTeM aHaJill3a B paMKax qiopMaJIH3Ma 

<l>HIIIepa. Ilo-Bll.!lllMOMY, 3TO - pe3yJihTaT CJIHIIIKOM ynpomeHHOro no.uxo.ua B 3TOH 

MO.UeJIH K OilHCaHll!O npouecca. Mbl nOC'-IHTaJIH, '-ITO ypoBeHb Ha.ue)KHOCTH 

onpe.ueJieHllJI BeJill'-IHHbl KpllTll'-leCKOH TeMnepaTypbl cymecrneHHO B03pacTeT, eCJIH 

Tc 6y.ueT Haii.ueHa TaK)Ke c nOMOII.(b!O llHOro, '-leM qiparMeHTal..{HJI, npouecca. B 

pa6oTe [8] JTO BnepBhie 6hmo c.ueJiaHo nyTeM aHaJIH3a TeMnepaTypHoii 

3aBHCHMOCTll BepOJITHOCTH .ueJieHHJI 
188

Os C 3Heprneii B036y)K.!leHHJI 40-110 M3B. 

Onpe.ueJieHtte KQHTH'-leCKOH TeMnepaTypbl 113 .uaHHblX no .ueJiemtIO 

,D;eJIHMOCTb JI.Uep onpe.ueJIJieTCJI OTHOIIIeHHeM KYJIOHOBCKOH H nosepxHOCTHOH 

CB06o.uHhlX 3Heprntt. K03qJqJHUHeHT noBepXHOCTHOro HaTJI)KeHHJI yMeHbIIIaeTCJI C 

poCTOM 3HeprnH B036y)K.UeHHJI, TO'-IHee, no Mepe nptt6Jitt)KeHHJI TeMnepaTypbl K 

KpHTll'-leCKOMY 3Ha'-leHHIO. Eapbep .!lJIJI .ueJieHHJI B036y)K.UeHHblX JI.Uep CTaHOBHTCJI 

HH)Ke, BepOJITHOCTb .ueJieHHJI yBeJIH'-IHBaeTCJI. TaKHM o6pa30M, 113MepeHHe 

.ueJIHMOCTll JI.Upa npH pa3JIH'-IHblX 3Heprttl!X B036y)K.UeHHJI n03BOJIJleT oueHHTb, KaK 

.UaJieKO CHCTeMa OT KpHTH'-leCKOH TO'-IKH. 

DhlJIH HCnOJih30BaHbl 3KCnepttMeHTaJibHbie .uaHHbie H3 pa6oT Moretto H .up., r.ue 
188 4H 1s4W B036y)K.UeHHOe JI.UPO Os noJiyqaJIOCb B coy.uapeHHJIX e C MHIIIeHh!O 113 . 

3Heprnll ny'-IKa BapbttpOBaJiaCb B IIIHpOKOM .uuana30He, npu 3TOM 3Heprnll 

B036y)K.uettHJI cocrnBHoro JI.Upa (1 88
Os) MeHJIJiaCb OT 30 .uo I I 7 MJB. CpaBttettue 

H3MepeHHblX ll MO.UeJibHO paCC'-IHTaHHblX BepoJITHOCTett .ueJieHHJI Wr n03BOJIJleT 

onpe.ueJIHTb 3Ha'-leHHe KpHTH4eCKOH TeMnepaTypbl Tc. 
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Pe3yJihTaT nOKaJaH Ha pttc. 11. 3.uecb npHBe.UeH TaK)Ke ll pac'-leT, c.ueJiaHHhIH C 

HCilOJib30BaHHeM llHOH napaMeTPHJal..{Hll K03qJqJHUHeHTa IlOBepxHOCTHOro 
HaTJ1)KeHm1. 

OTMeTHM '-ITO B pa6oTe Randrup H .up. 3aBHCHMOCTb K03qJqJHUHeHTa 

IlOBepXHOCTHOro HaTJI)KeHHJI OT TeMnepaTypbl .!lJIJI JI.UepHOH KanJIH 6bIJia noJiy'-leHa 

llHOH, '-leM .uaeTCJI qiopMyJiott (4): 

o-(T) = o-(O)(l+L;~ }(1-~r (5) 

3TO Bbipa)KeHHe OTJIH4aeTCJI OT (4), O.UHaKo '-IHCJieHHO 6JIH3KO K HeMy. 3TO 

o6CTOJITeJibCTBO yKpenJIJieT .!lOBepue K ypaBHeHHJIM (4) H (5). Ilptt aHaJIH3e 

.ueJIHMOCTH B036y)K.ueHHOro ll.Upa 
188

Os C ueJib!O ycrnHOBJieHHJI KpHTH'-leCKOH 

TeMneparyphl Mb! llCilOJib30BaJill Bee H3BeCTHbJe napaMeTpH3al..{Hll K03qJqJHUHeHrn 

IlOBepXHOCTHOro HaTJI)KeHllJI. 

~ 
10° .,-.,.....------==-------==-------------, 

~ 

£ 10"1 

1~ 

1~ 

1~ 

10~ 1aa05 
10~ 

10~ 
5 10 15 20 25 30 35 Tc, MeV 

Pttc.11. BepOJITHOCTb .ueJieHHH 11.upa 
188

Os nptt 3Heprnu Bm6y)K.ueHHJI 

40M3B. Pac'-leTHhie 3Ha'-leHllJI .uaHbl B qiyHKUHH KpllTll'-leCKOH 

TeMnepaTyphl .!lJIJI pa3Jill'-IHblX BapttaHTOB 3aBHCHMOCTll 

IlOBepXHOC:THOro HaTJI)KeHllJI OT TeMnepaTyphI: I - qiopMyJia (4), 

2 - qiopMyJia (5), 3 - JIHHeiiHaJI 3aBHCHMOCTh (1-TITc), 
4 - KBa.upanl'-IHaJI 3aBHCHMOCTh (1- (TITc)2). 3KcnepttMeHTaJihHOe 

3Ha'-leHHe IlOKaJaHO ropH30HTaJihHOH nOJIOCKOH. 
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Ilepeceqemrn pacqeTHbIX 3THX KpHBhlX C noJIOCKOH, OTBe1rn1muei'! H3MepeHHOMy 

3Ha'leHmo, naeT Tc= (19 .5 ± 1.2) M3B B nepBOM cny11ae H Tc= (I 6.5 ± 1.0) M3B BO 

BTOpOM. TaKHM o6pa30M, 3TOT aHaJIH3 YKa3bIBaeT, 'ITO KpHTH'leCKall TeMnepaTypa 

npeBbiwaeT 15 M3B. 3TO cornacyeTCll co 3lla'leHHeM KpHTH'!eCKOH TeMnepaTypbl, 

nony11eHHOH Konna6opauttei'! <l>A3A H3 naHHhlX no llnepHoH MYJihrncjiparMeHTaUHH. 
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Puc. 12. 3KcnepttMeHTaJibHbie 3Ha'leHH.ll KPHTH'leCKOH TeMneparypbl .!(Jill 

.ll.!(epHoro cjia10Boro nepexona <OKH.1(KOCTh-ra3». Bee naHHhie nony11eHhl 

H3 naHHblX no cjiparMeHTaUHH 3a HCKJIIO'leHtteM «3Be3n». 3nech 

KpHTH'lecKall TeMnepaTypa HaiineHa H3 aHanma neJIHMOCTH 

B036y)KneHHhIX .ll.!(ep 

Ha pttc.12 noKa3aHa HCTOpH.ll tt COBpeMeHHall CHTyaUHll Ha MHpOBOM «pbIHKe» 

Kpl1TH1IeCKOH TeMneparypbI. bOJlbWall qaCTb 3KCnepttMeHTaJihHbIX oueHOK Tc 
cnenaHa nyTeM aHanma 1apllno_Boro {ttJIH MaccoBoro) pacnpeneneHHll nponyKTOB 

.ll.!(epHOH cjiparMeHTalllfH. Pe1yJihTaTbl 3.!(eCh «npaMaTH'leCKH» npOTHBOpe11HBhl: 

3Ha'!eHIUI Tc, nonyqeHHhie B ,lzy6He, 6onee qeM B .!(Ba pa3a npeBhIWalOT BeJIH'IHHhl, 

nonyqeHHhie B EepKJIH (CWA). Ilptt'IHHa, no-BH.!(HMOMY, B TOM, 'ITO 
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ucnoJih30BaJIHCh pa3JIH'IHhie Monentt nJI.ll onttcaHlf.ll npouecca pa1Bana rop.llqero 

.ll.!(pa Ha cjiparneHTbI: CTaTlfCTH'leCKa.ll MO.!(eJib MYJihTHcjiparMeHTauim B nepBOM 

cnyqae "MO.!(eJih <l>ttwepa BO BTOpOM. 

3TO pacXO)K.!(eHHe tt Bhltty.!(HJIO Hae lfCKaTh lfHOH cnoco6 onpeneJieHH.ll 

KpHTH'leCKOH TeMneparyphl, B KOTOpOM lfCilOJib30BaJIHCb 6bI lfHbie 

3KCnepttMeHTaJibHhie pe3yJihTaTbl " HHa.ll MO.!(eJih. 3Ha'leHH.ll Tc, HaiineHHbie Ha~m 

nyTeM aHaJilf3a neJIHMOCTlf rop.llqero .ll.!(pa, cornaCYfOTCll C TeM, 'ITO nonyqeHO H3 

naHHbIX no .ll.!(epHOH MYJihTHcjiparMeHTaUHH. 

B 3aKJIIO'ICHIIU cyMMHPYIOTC.ll pe1yJihTaThl, Bbl.!(BHraeMhle Ha 3aIUHTy. 

Ha Jamnry BhIJ!BitralOTCH CJICJ!VIOlllUe pe3VJibTaTbJ. 

1. B paMKaX MeTO.!(H'leCKlfX pa6oT no MonepHH3aUHH ycrnHOBKH <l>A3A: 

1.1 Co1naH KOMnaKTHhIH L1E-E - TenecKon-cneKrpoMerp cjiparneHTOB 

npoMe)KyrO'IHOH MaCChI, COCTO.llIUlfH H3 UlfJIHH.!(pH'leCKOH 

HOHH3aUHOHHOll KaMepbI lf nonynpOBO.!(HHKOBOro neTeKTopa. 

1.2 lfayqeHbl BpeMeHHhie xapaKTepttCTHKlf TeJiecKona .!(Jill .!(OCTlf)KeHHll 

MaKCUMaJihHOH 3cpq>eKTlfBHOCTlf «COBnaneHlf.ll» CHrHaJIOB OT L1E H £ 
C'leT'llfKOB. 

1.3 Co1nau neTeKTOpHblll MO.!(YJih, COCTO.llIUHH lf3 25 TeJieCKOnOB

cneKrpoMe-rpoB. 3TO 06ecne1IHJIO nOBbIWeHne 3cjicpeKTHBHOCTlf 

rpttrrepoBaHlf.ll B ycTaHOBKe <l>A3A B weCTb pa3. 

1.4 liccnenoBaHhl cneKrpOMerptt'IeCKHe CBOHCTBa nJieHO'IHbIX 

Cl{lfHTHJIJI.llTOpOB neTeKTOpa MHO)KeCTBeHHOCTlf cjiparMeHTOB (Csl), 

KOTOpbie 6hIJIH H3fOTOBJieHbl 20 JieT Ha3a.1(. IlOKa3aHO, 'ITO, 

HeCMOTP.ll Ha rnrpoCKOilH'IHOCTb Csl, BhI6paHHbie YCJIOBH.ll 

lfCil0Jlh30BaHH.ll CUHHTlfJIJI.llTOpa o6ecne'IHJIH HeH3MeHHOCTb ero 

cneKrpoMerpH1IecKnx xapaKTepncTHK. 

2. BbIIlOJIHeHa cepHll 3KCnepnMeHTOB Ha ny11Ke peJI.llTHBHCTCKHX npOTOHOB no 

lf3MepeHHIO nncjicjiepeHUHaJibHhIX ce11eHHH o6pa30BaHHll cjipar~teHTOB 

npoMe)KyrO'IHOH MaCCbI. 

3. IlpoBe,!(eH aHaJilf3 onhITHblX naHHhlX C nOMOIUblO MOCKOBCKO-KOneHrareHCKOH 

CTaTHCTH'leCKOH MonenH MYJibTHcpparMeHTaUHH. ~OKa3aHo, 'ITO cjiparMeHTbl 

cjiopMnpYfOTC.ll nocne pacwttpeHH.ll ropllqero llnpa H nocrn)KeHnll nepBoro 

xapaKTepHoro o6'beMa MYJihTHcjiparneHTaUHH, Vi= (2.6 ± 0.2)V0 • 

4. BTopoii xapaKTepttCTH'lecKUH o6'beM, Vr= (5.0 ± 0.5)V0 , onpeneneH H3 aHanu1a 

cpopMbl cneKrpa KHHeTiflleCKOH 3HeprnH cjiparMeHTOB. 3TO TaK Ha3hIBaeMhlH 

«o6'heM pa3Mopa)KttBaHlf.ll». 

5. 113 aHanma 3KcnepUMeHTaJihHbIX naHHblX no BbIXO.!(aM cpparMeHTOB 

npoMe)KYTO'IHOH MaCCbI HaiineHO, 'ITO KPHTH'leCKa.ll TeMneparypa .!(Jill ll.!(epHoro 

cjia10Boro nepexona )Klf.1(KOCTh-ra3 paBHa Tc = (17±2) M3B. EnmKall BeJIH'IHHa 

nonyqeHa nptt aHanme nenuMocrn B016y)KneHHhIX llnep. 
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