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BBeJleHHe 

TeopeTH'I9CKHe acneKTbl JleneHHH HJlep HBnHIOTCSI OJlHOfi H3 HHTepeCHbiX 

H TpyJlHb!X npo6neM HJl8pHOfi ~H3HKH, 3TO CBSI38HO CO cneUH~H'I8CKHMH OC0-

6eHHOCTSIMH npOU8CC8 Jl8n8HHSI 1 B KOTOpOM no cpaBH8HHIO C ni06hiM llPY

rHM HJl8pHb!M npoueCCOM npOHCXOilHT H8H6onee CHnhH08 OTKnOH8HH9 ~OpMbl 

H BHyTp8HH8fi CTpyKTypb! S!Jlp8 OT HX paBHOB8CHbiX 3H8'18HHfi, 

npH 9TOM KOnn9KTHBHbi8 H HHilHBHilY8nhHb!8 ~OpMbl llBH)!{8HHH 0Til8nh

Hb!X HyKnOHOB H S!Jlp8 1 K8K uenoro, cno)!{HO CBSI38Hbl 1 a aHeprHSI B036y)!(Jl8-

KHSI nenSimerocSI snpa pacnpeneneHa M8)!(JlY 6onhmHM 'IHcnoM cTeneHefi cBo-

6onhi, f1Bn9HHH
1 

npOHCXOilSIWH8 H8 pa3nH'IHb!X CT8JlHSIX Jl8n9HHSI 1 no CBOeii: 

~H3H'I8CKOii: npHpOil8 p83HOOOp83Hbl H nocTpOHTh enHHYIO T90pHI01 onHCb!B810-

myiO Bech npouecc neneHHH, qpe3Bhi'IafiHo TPYJlHO, noaToMy nns o6'bSicaeHHSI 

9KCIT8pHM9HT8nhHbiX Jl8HHb!X HCITOnh3YIOTCSI pa3nH'IHbl8 MOJl9l!H Jl8neHHHo ¢H-

3H'I8CKH H8H6onee npOCTOfi H nOrH'I8CKH CTpOfiHOfi SIBnSI8TCH KanenhH8H MOJl9nh 

I 11 /2/ 
Slllpa, rrpenno)!{8HH8SI H.EopoM H .H,<t>peHKeneM nns onHcaHHSI npouecca 

Jl8n8HHSI, 

B aTofi MonenH ~eHoMeHonorH'I8CKHM nyTeM BBOilHTCSI onpeneneHHoe 

'IHCnO KOHCT8HT
1 

xapaKT8pH3YIOWHX OCHOBHb!8 CBOii:CTBa Hll8pHOii: M8T8pHH 

H He 38BHCSIWHX OT BHyTp8HH9ii: CTpyKTypbl KOHKp8THbiX Hll8p, llnH onHC8HHSI 
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neneHHH Hnep paccMaTpHsaeTCH ypasHeHHe noBepXHOCTH p8BHOMepHO 

3 apH)KeHHOit HeC*HM8eMoli: KannH )KHAKOCTH 1 HCnbiTbiB810IUeli: AeHCTBHe CHIT . 
nosepXHOCTHOrO H8TH)KeHHH H sneKTpOCT8TH"leCKOrO OTTanKHB8HH9. lln9 

TeopeTHRecKoro aHanR3a sepo9THOCTeli: BbiXona nponyKTOB neneHH9 1 pacnpe

neneHHH OCKOnKOB no KHHeTH"leCKHM 9HeprHHM1 9HeprH9M B036y)I(AeHHH 

H T.n. B KanenhHyJO Moaenb aeo6xonHMO BBOAHTb no6aBO"'Hbie npennono)Ke

HHH, onHCblB810IUHe npouecc nBH)KeHH9 9npa OT cennOBOli: TO"'KH no TO"'KH 

pa3phlBa. 

OnHCBHHe neneHH9 B paMKax )KHnKoKanenhHoli: MonenH nano B03MO)K-

HOCTb nOHHTb OCHOBHhle RepThl npouecca neneHHH 1 onHaK0 1 MHOrHe 9KCnepH-

MeHT8ITbHhie peaynbTaTbi1 nonyReHHbie npH H3y"leHHH HH3K09HepreTH"leCKOrO 

neneHHH Hnep (cnoHTBHHoe neneaHe, neneHHe TennoBbiMH Heli:TpoHaMH), ocT~

IOTC9 He06'bHCHeHHblMH. 3TO npHBeno, B CBOIO oqepenb, K noHBneHHIO p9na 

HOBhlX Moneneii:, B KOTOphlX B 6onbWeli: HnH MeHbWeli: CTeneHH HCnonb3YIOTC9 

npennono)KeHH9 KanenbHoli: Monenn 9npa H ~eHoMeHonornqecKH yRHTbiBaeTC9 

BITHHHHe MHKpOCKOnH"leCKOli: CTpyKTypbl H.llpa ( yqeT onHO"l8CTH"'HbiX H KOnneK

THBHblX 9~cPeKTOB1 o6onoRe"'HbiX 9cjJ<jleKTOB1 CT8THCTH"leCKHX ~aKTOpoB) • 

BMecTe c TeM sKcnepHMeHTanhHO ycTaHoBneHo, "'TO c ysennReHHeM 

9Hepr~~ B036y)KneHHH Hnep BnHHHHe CTpyKTypHbiX ~8KTOpOB ocna6nHeT.CH 

H npH 9HeprHHX B036y)KneHHH 50-60 M 9B npaKTnqeCKH HcqeaaeT. 

f109TOMY npHMeHeHHe Mone·nH )KHnKOH KannH nn9 onHC8HHH neneHH9 

B036y)KneHHbiX Hnep K8)KeTCH noCT8TO"'HO o60CHOB8HHbiM. lleHCTBHTenbH0 1 nnH 

2· 
neneHHH nerKHX Hnep c 30 ~ Z I A ~ 37 sKcnepnMeHTanbHbie peaynhTa-

Tbi no onpeneneHHIO BbiXOna nponyKTOB neneHHH 1 KHHeTH"leCKHX 9HeprHH OC-

KonKoB n T.n. nocTaTO"'HO xopowo cornacyiOTCH c pacqeTaMH no MonenH 

)!(HAKOn Kannn. OnHaKo Heo6xonH~o OTMeTHTb, "'TO nnH sTow o6nacTH Hnep 

B KanenbHOH MOAenH neneHHH cennoBaH TO"'Ka H TO"'Ka pa3phlBa npaKTH"leCKH 

COBrranaiOT H KOHe"'Hhle pe3ynbT8Thl He 38BHCHT OT rrpeADOITO)KeHHH 0 xapaK

Tepe ABH)KeHHH Hnpa OT CeAITOBOH ~Hryphl AO pa3phlBHOH. 6onee CITO)KH8H 

4 

,._, 

I ~ '' 

... 

2 
cnTyaunH B03HHKaeT npH ysennqeHnH Z I A , TaK KaK ne~opMaunH cennosott 

~nryphl cTaHoBHTCH HeaHaRnTenhHoli H npenrrono)KeHHH o xapaKTepe crrycKa 

CyiUeCTBeHHbl AnH orrpeneneHHH BepOHTHOCTeli BbiXOna KOHe"'HbiX nponyKTOB. 

BMecTe c TeM cncTeMaTnqecKoe sKcrrepHMeHTanbHoe nccnenoBaHHe aene-

HHH Hnep c Z2 1 A> 38 no rrocnenHero BpeMeHH He rrposonRnocb •. B pa
/3,4/ "' 

6oTaX H3MepHnHCb CITeKTpbi KHHeTH"leCKHX 9HeprHti OCKOnKOB
1 

/5,6/ 
B 

rronyqeHw nepswe Maccoswe pacrrpeneneHHH ocKonKoB neneHHH soa6y)K-

neHHhiX Hnep. 

17,8,9/ 
HenaBHO 6bmH rrposeneHbi H3MepeHHH MaccoBbiX H aapHnOBbiX 

pacrrpeneneHHH OCKOnKOB neneHHSI B036y)KneHHbiX Hnep, o6pa3yJOIUHXCSI 

B peaKUHHX c TSI)KenhiMH HoHaMH. Hccnenosanacb 6onhwaH o6nacTb nenHIUHX 

cH Sinep c Z 2 I A OT 34 no 43,5 ITpH pa3nH"'HbiX 9HeprHSIX B036y)K.lleHHSI. 

f1onyqeHbi sKcnepHMeHTanbHbie pacrrpeneneHHH ocKonKoB no Macce H aa-

PSIAY rrpH paanH"'HbiX Z 2 I A H sHeprHSIX soa6y)KneHHSI. Hayqeaa 38BH-

CHMOCTb WHpHHbl 38pSIAOBbiX pacrrpeneneHHH OT 8CHMMeTpHH paaneneHHSI. 

3KcrrepRMeHTanhHbie naHHbie npHseneHbi B Ta6nnue 1. B 9THX pa6oTax 

ITpOBO.llHnOCb Cp8BHeHHe nonyqeHHbiX peaynhT8TOB C p8C"leT8MH no CT8THC

TH"leCKOH MO.llenH neneHHSI 1 KOTOp8SI ynosneTBOpHTenbHO onHCbiBana SKCne-

2' 
pHMeHTanbHhie naHHhie no neneHHIO nerKHX soa6y)KneHHhiX 9.ll~P c Z I A <37. -
OnaaKo anSI 6onee TSI)KenbiX nenHIUHXCSI SI.llep na)Ke KaRecTBeHHoro corna

CHSI nonyqeao He 6wno. 

I 101 2 
Paaee B pa6oTax anSI Bcett STott o6nacTH no Z I A H saep-

rHSIM B036y)KAeHHSI H3MepSinHCb ~~eKTHBHbie MOMeHTbl HHepUHH. f1poBe.lleH

Hbiti 8H8nH3 9KCnepHMeHT8ITbHbiX naHHbiX noKaaan, "'TO H3MepeHHbie ~$eK-

THBHbie MOMeHTbl XOpOWO cornacyJOTC9 C TeopeTH"leCKHMH 1 paCC"'HT6lHHbiMH 

no MonenH )KHAKOti KannH c yqeToM AH~~Y3HOCTH nosepxHOCTH Hnpa. TaK 

K8K pacqeT npOBOnHnCSI B npennono)KeHHH cymeCTBOB8HHSI Ha BepWHHe 6apb-

epa CT8THCTH"{eCKOrO paBHOBeCHSI no OTHOWeHHIO K Bp8IU8TenbHbiM CTene

HSIM CB060nhi 1 TO XOpowee cornacHe YK83biB8eT H8 T01 "'TO STO npennOJ'10-

)KeHHe HBnSieTcSI, no-BH.llHMoMy, cnpasennHBhiM anSI scex RccnenyeMbiX 9Aep. 
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noaToMy Heo6xonHMo neTanbHO rrpoaHanHaHposaTb cymecTByiDmHe 

MonenH neneHHSI0 OC069HHO HX rrpenrronO>K9HHSI 0 CBSI3aHHbi9 C KOH9'1Hoft 

cTanHeit rrpouecca neneHHSI. 

nHHaMH'I9CKaSI Monenb neneHHSI Rnep 

HaH6onee rronHoe rrpencTaBneHHe o MexaHH3Me neneHHSI Mo>KeT 6hiTb 

rrony'leHo rrpH H3y'leHHH nHHaMHKH scero npouecca xonneKTHBHoft ne~opMa

UHH Rnpa OT Ha'lanbHOro COCTOSIHHSI no TO'IKH pa3pb!Ba. Tax KaK B cenno

BOH TO'IK9 cymeCTByeT CTaTHCTH'I9CKOe paBHOB9CHe ITO OTHOmeHHID KO BCeM 

MonaM Kone6aHHH0 TO nHHaMH'I9CKH9 paC'I~Thi Heo6xonHMbi nnSI OITHC8HHSI 

nBH>KeHHSI oT cenna no TO'IKH paaphrBa. OnHaxo Ha-aa MaTeMaTH'IecKHX 

TpynHOCTeft B nHHaMH'I9CKHH noaxon npHXOnHTCSI BBOnHTb pSin >K9CTKHX 

orpaHH'I9HHHo 3TO npe)Kne Bcero Bhipa>KaeTCSI B TOM, 'ITO npHXOnHTCSI pao

CMaTpHB8Tb orpaHH'I9HHhiA Knacc qmryp, OITHChiBaiDmHX H3M9H9HHe ~OpMbi 

Rnpa npH nepexone OT cennosoa TO'IKH no TO'IKH paaphiBa. 

KpoMe Toro B pac'I:~Tax paccMaTpHBaeTCSI 6easHxpesoe nBH>KeHHe 

HeC>KHMaeMoft >KHnxocTH. B peaynhTaTe nonyqaeTcSI HeKoTopaSI Monenb 
• j 

neneHHSI, conep>KamaR CBOH npennono>KeHHSI o xapaxTepe paaBHTHSI npouec-

ca npH cnycxe c cennosoa TO'IKH. B xaxoa CTeneHH oHa onHcprBaeT axcne-

pHM9HTanbHhi9 naHHbi9 0 Mhi ITOITbiT89MCSI ITOKa3aTb B Kp8TKOM 8HanH39 pa
/ 11/ 

6oTbi • B aToit pa6oTe npeanonaraeTcSI, 'ITO ~opMa Rnpa xopomo onH-
• 

ChiBaeTcSI nByMSI annHncoHnaMH, coenHHeHHhiMH rHnep6onHqecxoa meftxoa, 

Ha seeM nyTH oT cenna no TO'IKH paaphiBa, nnR o6nacTH nenRmHXCSI Rnep 

OT X "" 0,5 no x .. 0,8 

( X 
2 

Z I A I 50.88 [ 1 - 1,78 
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CHcTeMa H3 yKaaaHHbiX !fmryp o6nallaeT wecTbiO cTeneHSIMH cso6ollhi, 

onHCbiBaeMbiMH KOOpllHH8T8MH g
1 

( i • 1 ... 6) . llnSI 8TOti CHCTeMbl ypaBHe

HHSI llBH)KeHHSI 38nHCbiB8IOTCSI B $OpMe raMHnbTOHH8?8 H 'IHCneHHO pema

IOTCSI 12 He38BHCHMblX llH$$epeHUH8nbHbiX ypaBHeHHA: 

gl 

n 

an 
a P • 

"' V(g) 
6 

1 ~ 
+ 2.,.1 

an 
P, a g, 

6 

~ 
l•l 

M ( g tJ ) g I g l 

rile V (g) - cyMMa nosepxaocTaott H KynoHoBcKHX aaeprHA, M(~l)- HHep

UHOHHaSJ M8TpHU8 0 KOHCTpyHpyeMaSI H3 M8CCOBbiX K08$$HUHeHTOB 0 KOTOpaSI 

112/ 
Bhi'IHCnSJnacb no npH6nH)KeHHOMY MeTOilY YHnnepa • HatianbHl:ile ycnoBHSJ1 

Heo6XOilHMbie llnSI pemeHHSI 9TOti CHCTeMbi1 Bb!OHpanHCb H3 npellnOnO)K9HHSI 

0 Cylli9CTBOB8HHH B CellnOBOA TO'IK9 CT8THCTH'IeCKOrO paBHOBeCHSI no OTHO

meHHIO KO BCeM M01l9M KOneoaHHA1 )K9CTKOCTH 1 H M8CC0Bbi9 Koa$$HUH9HTbl 

/13/ xl 
llnSI 8THX MOll 6bmH B3SIThi H3 paooTbi • B peaynbTaTe pacti~Tos 

nony'I9Hbl ll8HHbie 0 llHH8MHKe cnycKa C CellnOBOft TO'IKH H paCC'IHT8Hbl 

pacnpelleneHHSI OCKOnKOB no M8CCe 1 aHeprHSIM B030Y)Kil9HHSI H KHHeTH'I9CKHM 

aaepr:ASJM. 

Ha pHc. 1 (KpRBaSJ 2s) npHBelleHo cpasneHHe nonytieHHhlX s pac'I~Te 

sHatieHRR llHCnepcRtt ocKOJIKOB no Macce c aKcnepHMeHTanbHhiMH. BHilH0 1 

'ITO eCnH llnSI 0,5 < X .. <· 0, 7 p8C'I~THbie llHCnepCHH OTnH'I8IOTCSI .. 
npHMepHO H8 80% OT 8KCnepHM9HT8nbHbiX1 TO npH X ·> 0, 7 Ha6niOil8eTCSI .. 
0'19Hb CHnbROe paCXO)KJleHH9 Me)I(Jly 8THMH BenH'IHH8MH, 3TH pa3HOrnaCHSI 

x/ 
Heo6xollHMo OTMeTHTb1 'ITO )K9CTKOCTH no oTHowenHIO K acHMMeT-

pH'IHhiM KOne6aHHSIM <jlopMbl Slllpa B CellnOBOft TO'IK9 0 KOTOpbie HCnOnh30Ba

nHCb B 8TOti paooTe, cyrueCTB9HHO OTnH'I8IOTCSI OT )K9CTKOCTeA 0 nony'leHHbiX 

npH 8HanH39 YCTOfi'IHBOCTH CHMM9TpH'IHbiX CellnOBbiX $Hryp oeaycnoBHOrO 

pasnosecHSJ no OTHomeHHIO K aCHMMeTpH'1o/'fif/ sapHaUHSJM nosepxnocTH. TaKofi 

ananH3 BbiiiOnHeH B paooTe CTpyTHHCKOrO 0 B KOTOpOA !flopMa Slllp8 0 CO

OTBeTCTBYIOlli8SI 6esycnOBHOMy paBHOB9CHI0 0 onpellenSJnacb H3 TO'IHOrO 'IHC

neHHoro pemeHHSI BapH8UHOHHOrO ypaBH9HHSI llnSI noBepXHOCTH Slll9p, 
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Pnc. I. 3aancnMoCTh lliHpHHhi Maccoaoro pacnpeneneanH ocKonKoB neneHaH 

DT napaMeTpa Z 2 I A , pacc'!IITBHHBH B npennono)f{eHHHx: I - Macco

BaP llHCnepCHSI 0CKOnKOB1 OIIpe.lleneHHBSI H3 ycTOA'tfHBOCTH ce.llnOBbiX 

qmryp K BCHMM€TpH'IHbiM BBpHBUHSIM <jlopMblo 2a - 3BBHCHMOCTb 

2a ~ OT Z2 I A. onpeneneHHBH H3 ycTDli'IHBOCTH <jlnryp K BCHM-

MeTpH'IHbiM BBpHBUHSIM <jlopMbl B TO'!Ke pa3pblBBo 26 - TO )1{9 C Y'I~

TOM .£lOIIDnHHT9llhHOi\ ,ClHCII9pCHH MaCc'bi OCKOllKOB, CB5138HHOf:i C B03-

M0)f{HOli <jlnyKTyaunel! nHHHH pa3phiBBo 2B - 3BBHCIIMDCTb 2 a 2 

OT Z2 I A • B3SITBSI 113 paoOTbl ll.HnKcal Ill, A 
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HS S!BJISIJOTCSI H~O)!(H.UaHHbiMH 1 TaK KaK B paC'I~Tbl BBOLIHJIHCb npe.UIIOJI0)!(8-

HHSI, qaCTb H3 KOTOpbiX HH'ISM He o5ocHoBaHa. ny'lillee cornacne nonyqaeT

CSI npH paC'I~Te cpe.UHHX KHH8TH'I8CKHX 3Heprnfi OCKOJIKOB 1 H3 KOTOporo 

MO)!(HO noJiy'IHTb HeKOTOpbie I1pe.ncTaBJieHHSI 0 XapaKTepe H3MeHe-

HHSI noBepXHOCTH sr.npa npn cnycKe c ce.nna. 

1, flpn LIBH)!(eHHH Sl.llpa OT ce.UJIOBOfi !flnrypbl .UO pa3pb!BHOfi He B03HH

KaeT .UHHaMH'IeCKOfi HeycTOfi'IHBOCTH no OTHOilleHHJO K aCHMMeTpH'IHOfi .ne!flop

MaUHH !flopMbl SIJ:Ipa, T,e, HaH5onee BbirOLIHbifi cnyCK npOXO):IHT qepe3 CHMMeT

pH'IHbie. !f>nrypbi, 

2, BpeMsr cnycKa 3aBHCHT OT Z 2 I A H LIJISI X "' 0,8 COCTaBJISieT 

-21 -21 
( 2,5-3) 10 ceK. flpn aToM 3a BpeMsr "' 1,5 10 pac-r 

cnycKa 

CTOSIHHe Me)!(.UY ueHTpaMH TSI)!(eCTH 8CK8JIKOB MeHSieTCSI Bcero B 1,27 paaa 

no OTHOilleHHIO K paCCTOSIHHJO .UJISI Ce.UJIOBOfi !flnrypb11 a BeJIH'IHHa MHHHM8Jib

HOrO paanyca illefiKH ( rill ) yMeHbillaeTcsr scero B "" 1,25 pa3a no cpaB

HeHHJO c ee pa.nnycoM ansr ce.nnosofi !f>nrypbr, B5nH3H TO'IKH pa3pbiBa 

- paanyc SIJ:Ipa illefiKa ewe .nocTaTo'IHO ToncTaSI r III .. 0,25 R 0 

H nepexo.U K r ill • 0 rrpOHCXO.UHT 3a BpeMSI 

' r.ne Ro 
.. 2 10-22 ceK. 

Heo5xo.nnMo, o.nHaKo, OTMeTHTb1 'ITO H3-3a npHHHTbiX orpaHH'IeHHfi 

3TH oueHKH .QaJOT TOJibKO Ka'leCTBeHHOe npe.UCTaBneHHe 0 xapaKTepe cnycKa, 

3. CTaTHCTH'IeCKaSI Mo.nenb .neneHHSI sraep 

/15/ 
3Ta Mo.nenb 5brna snepBbre npe.nno)!(eHa <PoHroM anSI TeopeTH'Iec-

KOrO aHanH3a Bb!XO.Ua KOHe'IHbiX npOLIYKTOB B HH3K03HepreTH'IeCKOM .nene

HHH, B aanbHefiilleM nosrsnncSI. pS!.U Mo.nH!f>HKaunfi cTaTHCTH'IecKoA Motlenn 

116 17/ 
aeneHHSI 1 

1 B 'laCTHOCTH 1 yao5Hbifi MeTO):I paC'I~Ta pacnpe.neneHHfi OC-

KOJIKOB no Macce H 3apsr.ny 5brn npe.uno)!(eH B pa5oTe flHK-flnqaKa n CTpy

/18/ 
THHCKOrO .llJISI aHaJIH3a ):leneHHSI BbiCOKOB035y)!(J:IeHHbiX SI.Uep 

8 CTaTHCTH'IeCKOfi MO.UenH npouecc LIBH)!(eHHSI OT ce.nna ):10 TO'IKH 

pa3pb!Ba npe.nnonaraeTCSI KBa3HKJiaCCH'IeCKHM H nocTynHpyeTCSI CyiiieCTBO-

10 
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.'t~-::/ 
.\~:, 
iff~ 

L
:·~y 

. 

BaHHe TepMO.UHHaMH'IeCKOrO paBHOBeCHSI B Sl):lpe B MOMeHT1 HenocpeJ:ICTBeH

HO npe.UilleCTBYJOIIIHfi pa3pbiBY sr.npa Ha LIB8 OCKOnKa, 

,B aToM cnyqae BepoSITHOCTb n106oro cnoco5a pa3.neneHHSI SI.Upa Ha 

):IBa OCKOnKa nponopUHOH8J1bHa !fla30BOMY 05beMy .UaHHOfi KOH!f>HrypaUHH 

OCKOJIKOB (cTaTHCTH'IeCKOMY Becy) H1 CJ1e.UOBaTenbH0 1 orrpeaenSIJOlllHM !flaK

TOpOM srsnsreTCSI aHepreTn<IecKaSI Bbrro.nHoCTb npouecca, Han5onee sepo

HTHbiM 5y.neT TaKoe p83):1eneHHe OCKOJ1KOB1 KOTOpOMY COOTBeTCTByeT MHHH

ManbHaSI I10TeHUH8J1bHaSI 3HeprHSI 1 a llHCrrepCHSI OCKOJIKOB no Macce, 3apsr.ny, 

KHH8TH'IeCKOfi aHeprHH H Toll• onpeaensreTCSI TeMnepaTypHbiMH !flnyKTyaUHSI-

MH aTnx senH'IHH. PacnpeaeneHnsr onHCbiBaJOTCSI HopManbHbiM 

C nnOTHOCTbJO BepOSITHOCTH (pacnpeaeneHHe faycca) 
(x-x> 2 

r.ne 

p (x) 

2 
u T 

.. 2 

1 - 2a 2 
e 

~ 

2 

a w -1 

2 a x:! x-x 

3aKOHOM C 

nnsr orrpe.neneHHSI CTaTHCTH'IeCKHX BeCOB pa3nH'IHbiX cnoco50B paa.ne

neHHSI sr.npa Ha ):IBa OCXOJIK8 HCnOnb3YJOTCSI nonyaMnHpH'IeCKHe !flopMynhl 

.nnH Mace H.nep, o5o5weHHbie .non)!(HbiM o5pa30M Ha cnyqafi .ne!f>ppMnpoBaH

/19/ 
HbiX sr.nep • Han5onee npocTo B cTaTHCTH'IeCKofi Mo.nenH nonyqaeTcsr Bbi-

pa)!(eHne .UJISI ):IHCnepCHH 3apsr.na npH ):laHHOM OTHOilleHHH Mace OCKOJIKOB, 

2 
az 

A 0 T 

32 {3 

{3 = 25,4 - KOHCTaHTa npH H30TOnH'IeCKOM 'lneHe B !flopMyne M8CC 1 

A o - Macca .nenHIIIerocH Hapa, T - TeMnepaTypa Hapa B TO'IKe pa3pbi-

sa. 
2 

Bn.nHo, 'IT.O a z 
2 

npaKTH'IeCKH He 3BBHCHT oT Z I A n oTHoilleHHH 

MBCC OCKOJ1KOB, nnsr .UHCnepCHH OCKOJIKOB no Macce MO)!(HO nony'IHTb cne
/18/ 

.nyJOIIIee Bbrpa)!(eHHe 
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2 
a 

A 

A . 2 - 1la -t 
.. T ( -T) [ a 1 ~E .. + a 2 ~E., +a8 E., +a 4E ds+a 5 Ed.,+ a 6 A 0 ] 

3nech a 1 •••••• • a 6 - KOHCTaHThi, ~ E" H ~E.,- pa3HOCTH noBepxHOCTHoft 

H KynoHOBCKOH aHeprHft nn.11 HaqanbHO·ro ( c<flepHqecKoro) .s~npa H nByx 

(c<flepHqeCKHX) OCKOllKOB COOTBeTCTB9HHo,E HE - noBepXHOCTHa.ll 
ds do 

H KyllOHOBCKa.ll aHeprH.II ne<flopMaUHH OCKOllKOB B MOMeHT pa3pb!Ba 0 • a 

E - cpenHH.II KHHeTHqecKa.ll aHeprHH ocKonKoB Ha 5ecKoHeqHocTH. BHnHo, 

" 
qTo ocHOBHYJO ponb B aToll: <flopMyne HrpaJOT nepBbie TpH qneHa, a OHH cna6o 

2 

aaBHC.IIT OT z I A • noaToMy a 1 cna6o 3aBHCHT OT- z 2 I A H OT 

paamrqHhiX npH5nH*eHHH nn.11 MaccoBhiX <PopMyn. CpaBHHBa.ll Tenepb npen

cKaaaHH.II cTaTHCTHqecKoil: MonenH neneHH.II oTHOCHTenbHO a~ ( Z 2 I A , T ) 

H a 2 
( Z 2 I A , T , A 11 A 2) H aKcnepHMeHTanbHbie peaynbTaTbi no neneHHJO 

z 11,91 
Bh!COKOB030Y)I{ll9HHhiX .llllep 1 npHXO)lHM K Cl19JlYJOilleMy Bhli~OJlY • 

pacq~THhie a 2 
H a 2 

A Z 
X > 0,7 nn.ll He OnHCh!Ba!OT 8KCnilpHMeH-

TanbHhie peaynbTaThi H He oo'h.IICH.IIJOT aKcnepHMeHTanbHhie aaBHCHMOCTH 

2 
a z 

.s~npa. 

H 
2 

a 
A 

OT Z2 I A ' acHMMeTpHH paaneneHH.II H TeMnepaTyphl 

~OSTOMY H900XO)lHMO npoaHallH3HpOBaTb OC!IOBHOe npennOl10)1{9HHe 

CTaTHCTHqecKOH TeOpHH neneHH.II OTHOCHT9llbHO cymeCTBOBaHH.II TepMOJlHHa

MHqecKoro paBHOBeCH.II CHCT9Mhl B MOM9HT1 HenocpenCTB9HHO npenweCTBY

IOII(HH pa3pbiBY .IIJlpa Ha UBa OCKOnKa._ 

AnanHa npHMeHHMOCTH cTaTHCTHqecKHX pacq~TOB 

npH HayqenHH pacnpeneneHH.II ocKonKoB no Macce 

H aap.s~ny 

CnenyeT OTM9THTb1 qTo yCllOBH.II CTaTHCTHqecKoro paBHOB9CH.II B CHC

TeMe1 HeOOXOllHMb!9 Jlll.ll npHM9HHMOCTH CTaTHCTH'I9CKOH TeOpHH1 -KaK 8TO 
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1211 
oTMeqanocb B paooTe , paanHqHhi nn.11 pa3nHqHhiX cTeneHefi cBo5onhi, 

a, Cl19llOBaTelll;:>H0 0 H llll!'I pa3l1HqHhiX CTa)lHH neneHH.II. TaK KaK HaC HHTepe

cyJOT pacnpeneneHH.II ocKonKoB no Macce H 3ap.s~ny, To aeo5xonHMo pac

CMoTpeTb KpHT9pHH npHM9HHMOCTH CTaTHCTH'!eCKOH TeOpHH llll.ll onpenene

HH.II <flnyKTyaUHH 8THX BenHqHH. 

I 10 221 
B p.s~ne aKcnepHMeHTallbHhiX pa5oT ' ohmo noKaaaHo, qTo B cen-

noBoll TOqKe llll.ll B030Y)KJl9HHhiX nell.lllllHXC.II .IILI9p cymeCTByeT TepMOJlHHaMH

qeCK09 paBHOBeCHe no OTHOW9HHIO KO BCeM CTeneH.IIM CBOOOllhi. n11.11 TOrO 

qTOOhl CTaTHCTHqeCKHM nOUXOJl Ohlll npHM9HHM K pacnpeneneHHIO KOHeqHhiX 

nponyKTOB neneHH.II, aeo5xonHMo, qToohl nono5Ha.ll CHTyaUH.II coxpaH.IInacb Ha 

BC9M nyTH BnllOTb llO MOM9HTa pa3pb!Ba .llllpa Ha )lBa OCKOllKao 

8 8TOM Cllyqae OCHOBHhiM xapaKTepHbiM BpeMeHeM1 no OTHOW9HHIO 

K KOTOpOMY H900XOllHMO npoBep.IITb yCllOBH9 npHM9HHMOCTH CTaTHCTHqeCKOr 

nonxona, .IIBll.lleTC.II BpeM.II cnycKa .s~npa oT cennoBoft. <PHryphi K paapbiBHoA 

- r "' • OueHHTb 8TO Bp9M.II llOBOllbHO TpynH0 1 KpOMe TOrO -OHO 3aBHC 
ne"'. 

OT Z2 I A ' noaToMy yKa)l{eM opHeHTHpoBoqHb!9 BepXHHe H HH)I{HHe rpaHHUb\ 

I 11,15 211 
B3.11Tbie H3 p.s~na paooT ' , 

-21 
(2-3) 10 ceK < r 

ne<P 'S. 
10-20 

ceK. 

r-
nHcnepCH.II OCKOllKOB no Macce B03HHKaeT H3-3a aCHMMeTpHqHblX OT-

KllOHeHHH <flopMbl nen.s~.merOC.II .s~npa OT HaHoonee Bepo.IITHOM CHMMeTpHqHOH 

<flopMblo noaToMy llll.ll Toro qTOObl MaCCOBbie pacnpeneneHH.II MO)I{HO OblllO 

paccqHTbiBaTb no CTaTHCTHqeCKOH TeopHH1 npHM9H.II9MO.H K TOqKe pa3pbiBa, 

Tpe5yeTC.II Bb!IlonHeHHe ycnoBH.II r "' >> r . , rne r .09'1'• aCHMM. KOll. aCHMMo KO 

xapaKTepHbiil: nepHo.u acHMMeTpHqHbiX Kone5aHHA. B p.11.ue paooT Jlll.ll 

( ) -21 
r .uaeTC.II oueHKa 1-3 10 ceK. BHnHo, qTo r 

aCHMMo KOlle acHMMo KO 

no nop.II.UKY B9l1HqHHbl cpaBHHMO C BpeMeHeM cnycKa r "' DoaTOMY 
.ue"'. 

H9llb3.11 CqHTaTb OOOCHOBaHHOil: npHMeHHMOCTb CTaTHCTHqeCKHX pacq~TOB 

B TOqKe pa3pb!Ba npH H3yqeHHH MaCCOBh!X pacnpe.oeneHHfi OCKOllKOBo IlL. 

• 

-~~~~--._ 13 ,_ . 
'l\ 
i 

..,....___ 



ilHCITepCHR OCKOnKOB ITO 38pRny B CT8THCTHqeCKOM MOUenH ITpOHCXO

JlHT B pesynhTaTe TeMITepaTypHhlX ~nyKTyaUHM ITnOTHOCTH 38pRU8 B o5~eMe 

nengwefiCR CHCTeMblo DoaTOMY KpHTepHCM ITpHM9HHMOCTH CTaTHCTH'IeCKHX 

pac'leTOB s5nH3H TO'IKH paspbiBa 5yneT ycnosHe Toro, 'ITO r « 
llHIT, KOn, 

<< r ,J, , rue r - ITe pHon UHITonhHbiX Kone5aHHH Rnpa KaK 
ne'+', UHIT, Kon, 

uenoro, TaK KaK qacToTa UHITOnhHbiX Kone5aHHH nocTaTO'IHO senHKa 
-22 

~ 10 ceK H ycnosHe 8-12 M 9B) ' TO ( : hw r 
UHIT, KOn, UHIT, KOn, 

cTaTHCTH'IeCKOrO paBHOBeCHR Bb!ITOnHR9TCR, 

Ha5nronaeMoe pasnH'IHe Me~ny 9KCITepHMeHTanbHOH nHciTepcHefi sapRna 

OCKOnKOB 
a2 

z H llHCITepcHefi, ITonyqaeMOH H3 CT8THCTH'IeCKHX pac-

qeToB, ITpHBeno Hac K ITpeniTono~eHHID, 'ITO cywecTByroT HeKoTopbie Hey'I

TeHHbie B 9TOH MonenH ~aKTOpbi, y'leT KOTOpbiX MO~eT cywecT~j;!HHO ynyq-

J.UHTh cornacHe nnR 

MOUeJIH, 

2 
a z 6e3 H3MeHeHHR OCHOBHbiX ITpeniTono~eHHM 

KaK Mbl y~e OTMeqanH B ITpeUbillYJ.UHX pa5oTaX, OUHHM H3 TaKHX 

~aKTOpOB RBnReTCR yqeT KOHe'IHOH TOnJ.UHHbi J.UeHKH H HeCTaUHOHapHOCTH 

ITpouecca B MOMeHT pa3pb!Ba I.U9HKH, 

3necb cnenyeT OTMeTHTb0 'ITO na~e ITpH HanH'IHH TepMOUHHaMH'19CKOrO 

paBH03eCHR B MOMeHT, ITpenweCTBYIDI.UHM pa3pbiBY Rnpa Ha UBa OCKOnKa, 

caM tya3pb!B wefiKH cyweCTBeHHO He CTaUHOHapeH H HyKnOHbi 0 HaXOllRillH9• 

CR s5nH3H ITnoTHOCTH paapbiBa, MoryT paciTpenenRTbCR cny'lafiHbiM o5pa

aoM, 3To ITpHBeneT K UOITOnHHTenbHOH UHCITepCHH sapgna OCKOnKOB, AHa-

JIOrH'IHO 9TOMY llHCITepCHR OCKOnKOB ITO Macce MO~eT yBenH'IHTbCR H3-3a 

HaJIH'IHR BO BCeM o5~eMe wefiKH B MOMeHT0 ITpenweCTBYIDillHH pa3phlBY 

nosonhHO 5onhworo 'IHCJia HyKnoHo~ KoTopwe ITpHHanne~aT KaK 5w o5oHM 

OCKOnKaM. 3TO 05CTORTenbCTBO ITpenocTaBnReT 5onbWYID CB05ony B Bbi50-

pe nHHHH pa3pbiBa Rnpa Ha nsa ocKonKa, BseneM nnR no5aBO'IHOH UHciTep-

CHH OCKOJIKOB ITO MaCCe H 3apRny, B03HHKarowefi H3-3a HeCTaUHOHapHOCTH 
p 2 p 2 

ITpouecca B MOMeHT paapbiBa, o5oaHa'leHHe ( a A ) H ( a z ) 

H ITOIThlTaeMCR Ka'leCTBeHHO OUeHHTb HX BBnHqHHy, 

14 

r:,, 

' 

.·,.';f,l • .. ll ''. 
?! ,, 
·~~·~ 

1\ 

~~ ,y. 

;~: 

4 .. , 
,l 

i 

Y'leT KoHe'IHbiX paaMepos wefiKH ITPH oiTpeneneHHH 

UHCITepCHH OCKOJIKOB ITO 38pRUY H Macce 

ilmi TOrO 'IT05bi OUeHHTb BeJIH'IHHy a: )2 H p ) 2 
aA ' 

Heo5XOUHMO paCC'IHTaTb paUHYC J.UeHKH B MOMeHT0 HeiTOCpeUCTBeHHO rrpea

weCTByro.IllHH pa3pbiBy RUpa Ha nsa OCKOJIKa, H OUeHHTb 'IHCJIO HYKJIOHOBo 

HaxonHJ.UHXCR s5nH3H rrnocKOCTH paapi>IBa ( ~ N 1 ) , H rronHoe 'IHcno HyK-

JIOHOB, HaXOURWHXCSI B wefiKe ~ N2 ) • 

Dpenrrono~HM, 'ITo OTHoweHHe 'l:Hcna rrpoToHos, HaxonRwHXCR s wefiKe, 

K 'IHCJIY HeHTpOHOB TaKoe ~e, KaK H llJIR nengwerocg SIUpa, T.e, 

z 1(2) 

N 
l (2) 

rue 

zo 
N 

0 

Zt (2)+ Nt <2> ,. ~ N t (2> 

Torna ~N 
1 

Zo +No 

2rr r 2 e l 
4/3 1T ra 

0 

Ha JIHHHH pa3pb!Ba, a 2E 1 • 3 f 

nsyMH HyKnoHaMH, a ~ N2 

Ao 

rne r .. 1,225 f r 
0 

- panHyc wefiKH 

BeJIH'IHHa ITOpSIUKa paccTpRHHSI Me~ny 

2rr r
2 e2 

--:-:::----:"--- • r n e e 2 .. 2 r 4/3 rr ra 
0 

- 9~~eKTHB-

HaSI UJIHHa weHKH 0 UJIR KOTOpOH yBenH'IeHHe MHHHMaJibHOrO panHyCa wefiKH 

He rrpeBbiwaeT 15% oT r • J.U. 

BepoSITHOCTh Toro, 'ITO Ha-sa $nyKTyauHH 'IHcna 'laCTHU Ha nHHHH 

pa3pb!Ba B OUHH OCKOJIOK ITOITanaeT 

ITpH yCJIOBHH, 'ITO zl + n ~·-
~N, 
2 

Zl ITpOTOHOB H ITt HeHTpOHOB 

38ITHWeTCSI B BHUe: 
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rne 

p ( Z I n I ) 

ca 
b 

a! 

Z I n I 

C z C N 
l l 

~Nl 
c 2 

~NI 

b! (a-b)! 
H Tello 

2 
0TCIO.lla HeTpy.llHO paCC'IHTaTb ( a p ) 1 KOTopaSI SIBIISieTCSI <jJyHKUH!ilA 

z 
oT ~ N 

1 
HIIH 1 npH npHHSITbiX npennonoJKeHHSIX1 - <jJyHKUHeA OT r 

flei'KO noKa3aTb 1 'ITO npH ~ .. 3-4 pacnpeneneHHe sapSI.lla 
2 

OCKOIIKOB XOpOlliO onHChlBaeTCSI rayCCOBCKHM pacnpeneneHHeM C noiiHOA 

nHcnepcHeA a2 - ( aT 
z z 

CTH 1 paBHOA 

) + ( a P 
z 

) 2 H niiOTHOCTbiO BepOSITH0-

2 
(z(Af)-Zp(Af)) 

2a2 

P [Z(A,)-Zp(A,)] .. 
1 

e 
~ 

z 

·Z 

PaCCMOTpHM Tenepb saBHCHMOCTb ( a p )
2 

OT ~ N • nnSI 8TOI'O 
A 2 

He06XO.llHMO BBeCTH 3aKOH pacnpeneneHHSI IIHHHH pa3pb!Ba no .lliiHHe 2f 

PacH~Tbi senHcb B nayx KpaAHHX npennonoJKeHHSIX: 

a) IIHHHSI paspbiBa pacnpeneneHa paaaoMepao; 

6) IIHHHSI pa3pb!Ba pacnpeneneHa no HOpManbHOMy 3aKOHy • 

B o6oHx cny'lastx nnst AHCnepcHH ( ap )2 
A 

nony'laeTCSI cneny10iuee Bbipa-

JKeHHe: 

( a P ) 2 • a ( ~N ) 2 
A 2 

rne a .. 0,09 nnst nepaoro cny'laSI H a .. 0,07 - nnst BToporo. 

0KOH'laTellbHOe pacnpeneneHHe OCKOIIKOB no Macce onHCbiBaeTCSI 

HOpMallbHblM 3aKOHOM C nnOTHOCTbiO BepOSITHOCTH 
(A -A /2) 

2 

P(Ar) .. 
y 2rr q2 

A 

16 

e 2a1. 

/~~~ a 2 
A 

a~ )2 + ( aP 
A 

) 2 

llnSI TOI'O 'IT06b! OUeHHTb BeiiH'IHHbl ( a: ) 2 H ( a: ) 2, He06XO.llHMO 

paCC'!HTaTb rill • ll11SI STOI'O BOCnOIIb3yeMCSI pesyllbTaTaMH pa60Tb! 

/14/ 
B.M.CTpyTHHCKOI'O • 

8 STOH pa6oTe C noMOIUbiO 'IHCIIeHHOI'O perneHHSI TO'IHOI'O HHTerpo

.llH<iJ<jJepeHUHallbHOI'O ypaBHeHHSI 6bliiH paCC'IHTaHbl CHMMeTpH'IHbie <jlnrypb! 

paBHOBeCHSI B KanellbHOH MO.lleiiH C rrepeMeHHb!M IlOBepxHOCTHbiM HaTSI

JKeHHeM nnst 11106biX ne<jJopMaUHii oT cenna no TO'IKH paspbiBa H 6es 

orpaHH'!eHHii: no X • 113 paCCMOTpeHHSI pa3pbiBHbiX <jlnryp1 IlOIIY'!eHHb!X B 

naHHhiX pac'!~Tax, cnenyeT, 'ITO nnst acex stnep cymec1·ayeT onpeneneH

Hoe paCCTOSIHHe MeJK.llY UeHTpaMH Mace OCKOIIKOB. 

rne PKp 

2 p Kp,. 2,3 

sanncaHo a ennanuax r 
0 

A 1/ 3 , IlpH KOTOpOM SI.llpO CTaHO-

BHTCSI a6COIIIOTHO HeyCTOii:'!HBb!M 110 OTHOllieHHIO K pa3pb!BY Ha .llBa OCKOII

Ka. Pa3pb!B SI.llpa Ha .llB8 OCKOJIKa rrpOHCXO.llHT rryTeM pa3pbiBa OTHOCH

TellbHO TOIICTOii:•rneiiKH 1 a He rryTeM IlOCTerreHHOI'O yTOHbllieHHSI. llieHKH 

H yBeiiH'!eHHSI paCCTOSIHHSI MeJK.llY UeHTpaMH TSIJKeCTH OCKOIIKqBo OueHHTb 

TOIIIUHHy paymeikst rneii:KH MOIKHO H3 cneny101Uero rrpocToro coo6paJKeHHSI: 

B TO'IKe pa3pb!B8 KYIIOHOBCK8SI CHII8 OTT81IKHB8HHSI .llBYX 6ynyiUHX OCKOII

KOB AOJIIKH8 6b!Tb paBH8 CHile IlOBepXHOCTHOI'O H8TSIIKeHHSI H8 IIHHHH pa3-

• pbiBa. 

C y'IeTOM .llH<jJ<jJysHOCTH KpaSI SI.llpa H rrepeMeHHOI'O IlOBepXHOCTHOI'O 

HaTSIJKeHHSI IlOBepXHOCTH8SI SHeprHH H.llpa 3811HCblB8eTCSI B BH.lle 

E " J ds ( 1 - rH 
4rr(l-y) 

) ] 
a 

2 
ro 

rne r - KOHCT8HT8 110pH.llK8 OTHOllieHHSI TOIIIUHHbl nn<jJ<jJysHOI'O CIIOSI K pa-

nnycy Hnpa r ... -0, 15, H - cpenHHSI KpHBH3Ha rroaepxHocTH 
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H .. 1 
2 

1 

Rl 
+ 

1 

R2 

R 1 , R2- rnaBHbie panHyChi KpHBH3Hhi B naHHol!: TO'IKe rrosepxHocTH, 

0TC!Oll8 MO:>KHO OUeHHTb CHny IIOBepXHOCTHOrO HSTSI:>KeHHSI Ha nHHHH 

paapbiBa, y'IHThiBaSI, 'ITO Ha nHHHH paapbiBa 

TonurHHhi llH<P¢yaHoro cnoSI K panHycy urel!:KH 

r ' oyneT IIOpSillKS OTHOUieHHSI 

rne 

(1 

r' 

(1 

F • --nos 2 

• a [ 2 - 1,78 

1 _ r' 
2 

1- r · 

N-N 

A""; ) 2 ] ' 

r Ro .. -0,5 
rur 

rur 

r2 
0 

a • 17,94 Mas 

r 
0 

• 1,225 f . 

KynoHoBcKaSI aHeprHSI ·saaHMHoro oTTanKHBaHHSI nsyx rronOBJIHOK Rnpa 

BonHaH TO'IKH paapbiBa 

E 0 ( PKp ) kr x ,Eo 
s 

E~ - rrosepxaocTHaSI aHeprHSI c¢epHtiecKoro Sinpa c paBHhiM o6~eMoM; 

k r '" 0,38, 0TC!OllS CHna KynOHOBCKOrO OTTanKHBSHHSI HMeeT cnellyJOUIHl!: 

BHll: 

F Kyn • 

2 o. 16 z 0 

2p r 2 A 2/3 
k 0 

B peaynhTaTe nnSI panHyca urel!:KH CHMMeTpHtiHoA paapbiBHol!: ¢Hryphi 

rrony'IHM cnenyJOmee Bbipa:>KeHHe : 

r Ill "' 

2 

0.18 z 0 

A ~3 
a [ 1-1,78( NA-~ 

0 
3aaSI aasHCHMOCTb rIll oT Z H A nenSimerocSI Sinpa; MO:>KHO Terre ph 

p 2 p 2 
pacctJ:HTaTb ( u z ) H ( u A ) • B Ta6nHue 2 rrpHBeneHbi 9TH senH'IHHhi 

2 
B aasHCHMOCTH oT Z I A ( T,e, oT ~ N 1 H ~ N 2 ) , 
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CpaaHeHHe c SKcnepHMeHTanhHbiMH aaHHbiMH 

a) nHcnepCHR OCKOnKOB no 3apRllY 

2 
Ha pHc. 2a aaHo cpaaHeHHe az < aT >2 + 

z 
p 2 

(a z ) · C 9KCnepHMeH-

2 
TaJihHblMH a z n pHBe)::(eHa 3aBHCHMOCTb 

2 
a z OT Z2 I A npH At! A2 .. 1 

H E * = 100 Msa. BHaHo, 'ITO y'l~T ( a P )
2 

z npHaen K yaoaneTBopHTenh-

HOMY cornacHIO sKcqepHMeHTanhHbiX H pac'l~THbiX KpHBbiX. PaccMoTpHM 

Tenepb 3aBHCHMOCTh a 2 
z 

oT sHeprHH aoa6y*aeHHR aenRmerocH Rnpa. 

TeMnepaTypHaR aHcnepcHR aapRaa ( aT) 2 
z 

RBnSieTCSI nHHeAHoA ~YHK-

uHeA TeMnepaTypbl Rapa~ B TO *e epeMR ( a: ) 2 JlOn)KHa, no-BHJlHMOMY, 

O'leHh cna60 aaBHCeTh OT TeMnepaTyphl Rapa, eCJIH C H3MeHeHHeM 9HeprHH 

B036y)K.QeHHR He MeHReTCR pa3pbiBHaR ~Hrypa H TOnlllHHa weAKH pay.meACR 

~Hrypblo 3TH H3MeHeHHR MoryT 6b!Th CBR3aHbl TOnhKO C H3MeHeHHeM 

noaepxHOCTHoro HaTR)KeHHSio OnHaKo H3 naHHbiX no s#eKTHBHbiM MoMeHTaM 

HHepUHH S!llpa, nony'leHHblX 9KCnepHMeHTanhHO npH H3y'leHHH yrnoaoft 

aHH30TpOnHH neneHHR B036y)KileHHblX Slllep, nono6Hble H3MeHeHHR ( B npene-

naX TO'IHOCTH onpeneneHHR <l¢~eKTHBHbiX MOMeHTOB HHepUHH .. 10%) o6Ha-

PY*HTh He ynaeTcR. 

0TC!Oil8 cnenyeT, 'ITO nonHaR llHCnepCHR aapHila RBnReTCR 6onee 

cna6olt ~yHKUHelt OT TeMnepaTypbl Rllpa, 'leM a2 
z .. T, H ee TeMnepaTyp-

HaS! 3aBHCHMOCTh 
p 2 

6ylleT onpenenRThCR COOTHOWeHHeM Me*llY ( a~ ) 2 

H ( a z ) , T.e. 
2 . 2 

nnR MaJihiX Z I A oHa 6nH*e K a z "' T , a nnR 

6onhwHx Z 
2 I A 6yneT no'!TH He aaBHCeTh oT T . Mo*Ho TaK*e Ka-

'leCTBeHHO paCCMOTpeTh 3aBHCHMOCTh a 2 
OT acHMMeTpHH paanene-

Z 
T TR)KoOCK. ner.ocK, 

HHSI SILlep. aKK KaK P'Kp +PKp "'2p Kp, TO H3-3a yMeHbWeHHR 

KynOHOBCKHX CHn OTTaJIKHBaHHR OCKOnKOB C yBeJIH'IeHHeM 8CHMMeTpHH pa3-

aeneHHSI non)KHO aa6n!Oil8ThCR yMeHhWeHHe Ton!llHHbl paymeftcg weAKH, 

a cneaoaaTenhHo, H ( a : ) 
2 

• B STOM cnyqae llJIR r w 

C8Th 

20 

MO)KHO aanH-

31-
262 z 

21-

lj--_ 

30 

.31-
262 z 

2 

. ~~~ _.......v 
_..........:.,...--

_J---~ @ 
~/-------

.35 40 -f 16 

~l_ 0 
·--------~ 

1 -----9----.:J 

0 ~ zp -¥> 'P lfJ~~& 

3 
2.62 

& 

~ 9 ~ __ _i-.-----------· 0 2 

I 

o ~o 1r ?? -rr~J 

PHc. 2.· 3anHCHMOCTb mHpHnvi aapSiaosoro pacnpe.aeneHHH ocKOJJKOB oT 
rrapaMeTpa 11e11HMocTH Z 2 I A; (a): acHMMeTpHH pa3aeneHHll ( 6) 
H TeMrre paTypbi (B) llpH aeneHHH <!llep, oopa3yJOTllHXCll B peaKUHHX 
c TSDKenbiMH HOHBMH. CnnolllHhte nHHHH- naHHhie pnc'IJ~Ta TeMrre

paTypHofi ¢nyKTyaUHH 3Bpllaa OCKOIIKOB B TQqKe pa3pb!Ba/18/, 

!!ITpHX-fiYHKTHpHh19 JJHHHH - ytieT .LIOfiOJJHHTellbHOit ~JnyKTYBUMH 38-

.(..Hl!la, CB513aiiHOti C KOHe'lJHbiM pa3MCpOM Ulei1KH B MOM€HT p03ph!BD:. 
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r III 

2 

0.18 z 0 .• 

~;a N-Z) 2 
A. a [1-1,78 (~ 

o rto 

4 z, z2 
2 

Zo 

Ha pHc. ( 26) H ( 2a) ITpHBeLleHbi pac'leTHbie H aKciTepHMeffTanbHbie 

2 
a 

z 3aBHCHMOCTH OT TeMITepaTypbi SILlpa H aCHMMeTpHH p83LleneHHSio 

JlaHhi 

A 
a 2 ( T) ITpH --

1 -1 H Z 2 /A .. 40,3 
z A2 

2 ( ~) E* = 80Maa Z 
2
/ A - 43,5 a IT pH H z A 2 

BHLlHO, 'lTO B 050HX cny'laSIX XOLl paC'leTHbiX H 8KCITepHMeHTanbHbiX KpHBbiX 

Ka'leCTBeHHO CornacyeTCSio 

5) JlHcrrepCHH OCKOnKOB ITO Macce 

2 
B Ta5nHue ( 2) ITpHBeLleHa 3aBHCHMOCTb ( a~ ) 2 

oT Z /A . BHLla:o, 

'lTO ITPH pa3yMHOM Bbi6ope ~ 2 LlnSI o5naCTH Z 2/ A :.40-44 3Ha'leHHSI 

( a:) 
2 

cpaBHHMbl ITO BenH'lHHe C ( a ~ ) 2 
• 0LlHaKO y'leT ( a ~ ) 2 

B ITOnHoA LlHCITepcHH a 2 He LlaeT YLlOBneTBOpHTenbHoro cornacHH c 
A 

8KCITepHMeHTanbHblMH JlaHHblMH JlnH X > 0, 7. 3TO CBSI3aHO C TeM
1 ... 

'lTO ( a T ) 
2 

paCC'lHTbiBanOCb B ITpeJliTOnO)I(eHHH CTaTHCTH'leCKOrO paBHO-
A 

B8CHSI B TO'lKe pa3pbiBa ITO OTHOIIJ8HHIO K aCHMM8TpH'lHblM Kone6aHHSIM 

<jlopMbl HJlpa, XOTH0 KaK 5bin0 ITOKa3aHO BbiiiJe, 8TO ITp8JliTOnO)I(eHHe He 

o6ocHoBaHo, T.e. JlnH oiTpeJleneHHSI JlHCITepcHH Maccoaoro pacrrpeJlenea:HH 

ocKonKoB a:eo5xoJlHMo peiiJaTb JlHHaMH'lecKyJO 3a)laqy Jlenea:HH. TaK KaK 

B HacToRmee BpeMSI TaKHe pacqeTbi ITpoaecTH qpe3Bhi'laAHo TpyJla:o, a:e 

HCITOnb3YH pa3nH'lHblX orpaHH'l8HHii: ( orpaHH'l8HHblft Knacc <jJHryp, OTCyT

CTBHe BH3KOCTH 1 5e3BHXpeBoi!: XapaKTep JlBH)I(8HHH H Tello) 1 TO MO)I(HQ 

B IT8 pBOM ITpH5nH)I(eHHH ITOITb!TaTbCH JlHHaMH'l8CKHi!: paC'leT 3aM8HHTb CT8-

THCTH'l8CKHM0 HCITOnb3YIO!IIHM H8KOTOpbie a<jl<jleKTHBHble CpeJlHH8 )1(8CTKOCTH 
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ITO OTHOIII8HHIO K 8CHMM8TpH'lHhiM BapHaUHSIM <jlopMhi 0 ITpOMe)l(yTO'lHbl8 

M8)1(JlY )l(eCTKOCTbiO SIJlpa B C8Jlne H TO'lKe pa3pb!Ba. 

/14/ 
8 pa5oTe ITO KB83HpaBHOBeca:oi!: MOJl8nH )leneHHSI BBOJlHTCH 

ITOHSITHe ycTOft'lHBOCTH CHMM8TpH'lHblX <jJHryp paBHOBeCHSI ITO OTHOIIIeHHIO 

K aCHMMeTpH'lHhiM BapHaUHSIM <jlopMbl SIJlpa. 

3Ta yCTOii:'lHBOCTb paCC'lHTbiBa~aCb JlnSI BC8X <jJHryp OT CeJlnOBOi!: 

TO'lKH JlO <jJHryp, a5conJOTHO HeycTOft'lHBbiX K pa3pbiBY SIJlpa Ha JlBa OCKOnKa 

H Jlm'l nJ05biX Z2 I A. )i(ecTKOCTb OTHOCHTenbHO acHMMeTpH'lHblX BapHaUHft 

ljlopMbl Sl)lpa 3aiTHChiBaeTCSI B BHJl8 

cp aCHMM
0 

"' ( W As - W s ) Tf -
2 

rile 

Tf = 2 (V -V ) I ( V + V ), 
n n 

W 
15 

H W A 
15 

- COOTBeTCTBeHHO ITOT8HUH8nbHhl8 8HeprHH CHMM8TpH'IHOft 

H aCHMM8TpH'IHOii: <jJHryp , V H V n- 06'heMbl 'laCTei!: aCHMMeTpH'IHOA: 

ljJHryphi, paciTono*eHHhiX cneaa H ciTpaBa oT cepeJlHHhi IIJei!:KH. napaMeTp 

Tf xapaKT8pH3yeT aCHMMeTpHIO H ero MO)I(HO ITpSIMO CBSI3aTb C aCHMM8T-

pHeii: MaCC OCKOnKOB0 ecnH ITp8JliTOnO)I(HTb0 'lTO pa3pb!B ITpOHCXOJlHT ITO ce

p8JlHHe IIJei!:KH ( B 8TOM cny'lae ( a r ) 2 
H ( a P ) 

2 
- JlBe Me3aBHCHMb18 

·A 

JlHCITepCHH Mace OCKOnKOB Jl8n8HHSI). 

/14/ 
B · ITOKaaaHo, 'ITO cp O'l8Hb pe3KO BoapacTaeT ITpH ITepe-

acHMM. 
XOJl8 K pa3pblBHbiM ljJHrypaM, B TO BpeMSI KaK JlnSI CeJlnOBhiX ljJHryp C 

X ""0,8 OHO 5nH3KO K a:yn10 ( CMo pH Co 3) • noaTOMy ITOnHaSI JlHCITepCHH 

OCKOnKOB ITO Macce a 2 

A 
• (a T) 2 + ( a p ) 

2 
CHnbHO 3aBHCHT OT 

A A 

BenH'IHHbl cp 8CHMMo 

aT·)2,. 
A 

T 
2 

~)2[ E,. 
2 

cp aCHMM) 

EcnH HCITOnb30BaTb cp JlnSI CeJlnOBbiX $Hryp, TO JlnH X > 0,8 
aCHMMo • 
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1

1 /0.6S 
I 1; ass 
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I 
I 1/(- Io.ss 

{ft
/jAQ1 

0.95~ !II~ . 0.5 
,0.9 ;;;,· 

r-------' ns~1!!. o:is 

~0.975 

05 07 09 ~A f/~o 
PHc, 3. BenH'IHHa C ( p ) , xapaKTepH3y!OmaH ycTolf'IHBOCTh CHMMeTpH'IHbiX 

qmryp ycnoB~oro paBHOBecH~ K acHMMeTpH'IHbiM BapHaUHHM <jJopMbi, 
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(aT )2, 
A 

2 
A o 

12 

2 
» ( a A ) 

3KCII, 

EcnH HCIIOJ1h30B8Th ¢ acHM. nnH pa3pbiBHbiX <jlnryp, TO 

T.e. 

aT)2+(aPf 
A A 

2 
a A ) pa3p, « ( 

2 ) , << ( a 3KCII, A 

2 
a A ) aKcrr. « ( a~) cenn. 

Ha puc. 3 aKcrrepHMeHTanhHO rrony'IeHHaH KpMBaH cpaBHMBaeTCH a
2 
A 

C KpMBbiMH 1 IIOCTpOeHHbiMM nnH Tpex rrpeneJibHbiX CJiyqaeB: 

- nnH cenJIOBbiX )!{eCTKOCTelf cp 1 
8CHMM 

• -~,. . ( P)2 
26 - nJIH pa3pbiBHbiX )!{eCTKOCTeH 'I' C yqeTOM & A 

8CHMM. 

2a - T8K)!{e nJIH pa3pb!BHbiX )!{eCTKOCTeH cp 1 HO 6e3 y'IeTa 
!:ICHMM. 

a P ) 2 
A • 

BMnHo, 'ITO 'lJIH Toro 'IT06bi cornacoBaTh pe3yJihT8Tbi, 

Heo6xonHMO 6p8Tb H8KOTOpbie aljl<jJeKTl!BHbie )!{eCTKOCTH 1 ycpenHeHHblMM 

ITO BCeMy TiyTH OT cenna no TO'IKM p83pbiB8 COOTBeTCTBeHHO BpeMeHHOMy 

xapaKTepy rrpouecca. 

B 38KJIIO'IeHHe HaM xoTenoch 6bi oTMeTHTh 1 'ITo rrpM pac'IeTe nMcrrep

cHii OCKOJIKOB ITO 38pHny M M8CCe B HM3K03HepreTM'IeCKOM neneHHH T8K)!{e 

Heo6xonMMO Y'IHTbiB8Th a<jJ<jJeKTbi 1 CBSI38HHbie C cymecTB8HHOH HeCT8UHO

H8pHOCTbiO rrpouecca neneHMSI B MOM 8HT pa3pb!B8 H KOH E!'IHOH TOJllUHHOfi 

meil:KH. TaK, H3BeCTHo, 'ITO nnH crroHTaHHoro neneHHH H neneHHH Terrno-

BbiMH HelfTpOH8MH nncrrepCMSI OCKOJIKOB IIO 38pHny 2a 
2 

"' 0,85 - 1 z 
T 2 

B cTaTMCTH'-leCKMX pac'IeTax 2 ( a?: ) rronyqa!OTCH 3H8'IHTeJihHO MeHh-

lUHMH 

2 
az 

0,2 - 0,4 •. Xopomee cornacHe Me)!{ny aKcrrepuMeHT8JihHhiMH 

H p8C'IeTHbiMM IIOJ1Y'I8eTCSI Iipli yqeTe 2 (a:) 2 
"" 0,5 - 0,7 . 

AHanorH'IHO Mo~Ho 3Ha'IMTeJibHO yny'ImHTh cornacHe nnH nMcrrepcHH oc

P 2 
KOJIKOB flO M8CC8 1 eCJIH y'IHThiB8Tb ( a A ) , B03HHK810lUYIO H3-38 

<jlnyKTY8UHM JIHHHM pa3pb!B8 B MOMeHT neneHHSio 
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BbiBOJlbl 

!13 11pOBeneHHoro BbiUie aHanH3a MO)KHO cnenaTb cnenyJOUIHe BbiBOJlhJ! 

1, llnc11epcHH OCKOnKOB 110 3apHJlY 

a) TaK KaK nnH nn11onbHLlX KoneoaHH~ 11pHMeHHMO ycnoBne cTaTHc

Tlf'IecKoro paBHOB9CHH BonH3H TO'lKH pa3pb!Ba1 TO ( a zT) 
2 

B CTaTHC

TH'l8CKO~ MonenH OITpenenHeTCH 11paBHnbHO. 

6) llnH TOI'O 'lTOObl ITpaBHnbHO OITHCbiBaTb 8KC11epHMeHTanbHbie 3aBH-

2 2 A P 2 
cHMOCTH a z OT Z /A , T , -jf! Heo6xonnMo Y'lHTLIBaTb ( a z-) , 

' 2 
KOTOpaH B03HHKaeT H3-3a CyWeCTBeHHO~ HeCTaUHOHapHOCTH ITpOUeCCa nene-

HHSI B MOMeHT pa3pbiBa SI)lpa Ha )lBa OCKOnKa, 

B) llnH 11onHo~ nnciTepcHH 
2 

az "'(a i ) 2 +(a: )2 

Y.ilOBneTBOpHTenbHOe COrnacHe C 8KCITepHMeHTanbHO Ha~neHHbiMH 

nnH 6onbUioro Haoopa nenSIIIJHXCSI Hnep c Z 2/ A BITnOTb no 43,5 • 

2. llnciTepcHH ocKonKOB 110 Macce 

ITony'leHo 

a z2 

a) B HaCTOSIIIJee BpeMSI HeB03MO)KHO ITpaBHnbHO pacc'IHTLIBaTb 11onHy10 

JlHCITepCHJO OCKOnKOB ITO Ma~ce IT pH neneHHH B03f5y)I(Jl8HHbiX SI)lep C t /A>38. 

3TO CBSI3aHO C TeM, 'ITO JlnSI 8TO~ OonaCTH nenSIIIJHXCSI SIJlep He BbiiTOnHSieT

CSI ycnOBHe 11pHMeHHMOCTH CTaTHCTH'IeCKHX paC'l~TOB B TO'IKe pa3pbiBa )lnSI 

OITpeneneHHSI JllfC11epCHH OCKOnKOB 110 Macce, a KoppeKTHbiX JlHHaMH'IeCKHX 

paC'IeTOB He CyliJeCTByeT, 

6) Mo)KHO 11ony'IHTl> Ka'leCTBeHHoe cornacne Me)Kny 8KC11epnMeHTanb

HLIMH H pac'leTHbiMH JllfCITepCHSIMH OCKOnKOB ITO Macce, ecnH, BO-ITepBbiX1 

Y'll1Tb!B8Tb ( a:) 2 , B03HHKBJOIIJee ll3-38 B03M0)KH0I'O OTKnOHeHHSI nHHHH 

T 2 
pa3pb!B8 Hnpa OT cepe)lHHbl Uie~Kll H, BO-BTOpbiX1 11pll Bbl'IHCneHHH ( a A ) 

Y'IHTbiBaTb stiJtiJeKTl!BHbie )KeCTKOCTll 110 OTHOUieHHJO K 8Cl!MMeTpH'IHblM 

KoneoaHHSIM SIJlpa, 11p0M:!)KyTO'IHLie Me)I(JlY )KeCTKOCTbJO SIJlpa JlnSI cennOBOll: 

tiJIIrypb! II tiJHrypbl1 a6conJOTHO HeyCTO~'IHBOH 110 OTHOllleHHIO K pa3pbiBY SIJlpa 

HB llBB OCKOnKa, 
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ABTOpbi 6naronapHbl aKaneMHKY f,H,!PnepoBy 3a HHTepec K pa6oTe 

H IO.A.My3LI'IKe 3a ITone3Hbie o6cy)I(JleHHH. 
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