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BCTYII

AKTyasbHiCTh TeMHU. J[OCHIPKEHHSI HEPIBHOBXKHUX MPOLIECIB € IEHTPAIBHOIO
3aauero cTaTUCTUIHOT (pizuku. Take JOCTIHKEHHS MOXKIIMBE JIMIIIE HA OCHOBI CKOPO-
YEHOT'0 OIMKCY HEPIBHOBAKHUX CTaHIB, Y paMKaX SIKOTO CUCTEMa OMUCYETHCS BITHOCHO
BYy3bKUM HaOOpoM mapameTpiB — mapameTpiB ckopoueHoro omnucy (I1CO). Ckopoue-
HUH ONHUC TIPHU LIbOMY OyIyeThCsl HA OCHOBI piBHSHHS JIiyBiis ab0 KIHETHYHUX PiB-
HsHb (bonbimana, Jlanaay Tomo) [1]. Cy4acHOr TEHIEHINE € PO3IIMPSHHS CTaH1a-
ptHEX Ha6opiB [ICO 3 MeTOoI0 BpaxyBaHHS HOBUX CTYNEHIB CBOOOAM cHUCTEMHU (IMB.,
Hanpukiaz, [2, 3]). TyT B nepiry gepry Ciniji 3rafiaTd OIUC pelaKcalliiHuX MPOIECiB Y
BY3bKOMY PO3yMiHHI IIbOTO TEPMIHY SIK MPOIIECIB, SKI MOXKYTh MPOXOJUTH B MPOCTO-
POBO-OJHOPITHUX CTaHAX CUCTEMH. bijisl piIBHOBAru 1i NpOUECH BiIMOBIAAIOTH KIHETH-
YHUM MOJIaM CHUCTEMH Ta pejlakcaliiHUM CTyneHsM cBoOoau. Kiiacuuni gociiikeHHs
IIMX TPOIIECiB HaNIexkaTh Jlannay, sskuid nociinus [4] penakcariiro TeMiepaTyp KOMIIO-
HeHT 1iasmu, i ['pexny [5], sxuit po3poOUB Teopit0 MaKCBEUTIBChKOI perakcariii. Inei
IIUX pOOIT 1 10 TEHEPIITHBOIO Yacy € POOOYUM 3HAPSIJISIM HOBITHIX JOCIITXKeHb. Ba-
KJIMBUM HEJOJIIKOM LIMX TEOPIH € BIACYTHICTh Y HUX MAJIOTO MapameTpa 1 po3B’si3aHHA
Ha HOro OCHOBI KIHETHYHOTO PiBHSHHS [6], a TaKOK HEBpaxXyBaHHS MOPYIICHHS JOKa-
JHHOT PIBHOBAaru B CHCTeMax MPU HASIBHOCTI pelakCallliHUX IMPOIECiB (IUB., HAIIPHU-
kna, [7, 8]). YcyHeHHs X HEIOJIKIB € BXIIMBOIO 3a/1a4CH0 Cy4acHOI Teopii HepiB-
HOBQ)XKHUX IPOIIECIB.

OcHOBOIO cy4yacHOi Teopli HEPIBHOBAKHUX MPOLECIB 0€3 CYMHIBY BBAa)KA€THCA
METOJI CKOPOUEHOTO OIMKCY HEPIBHOBAXKHUX CHCTeM boromro0oBa, KUl TPYHTYETHCS
Ha ¥oro inmei ¢yHkmioHameHOI rimote3u [9]. Ha BigmiHy Big igei HOpMaabHHX
po3B’s3kiB ['11p0epTa, BOHA BUXOJUTh 3 HASIBHOCTI Y CUCTEMHU HU3KHU €TamiB MPHUPO/I-
HOI €BOJIIOLIT, Ha AKUX Peali3y€eThCsl MOXKIIMBICTh CKOPOYEHOro onucy. OKpeMUM BHU-
MaJKOM I[LOT0 METOAa MOKHA BBakatu Meron Uenmena—Enckora [10], skwuit 3a Boro-
m000BUM TeX 0a3yeThcsi Ha (PYHKIIIOHAIBHIN TIMOTE31. 32 CBOIM MOXO/KCHHSIM Me-
toa Yenmena—EHCKOTra Op1€HTOBHUIN HA TOCHIPKEHHS CTAaHAAPTHUX T1APOIMHAMIYHUX

CTaHiB, B AKHX pi)II/IHa OIIMCYETHCA I'YCTHUHAMH KOMIIOHCHT, MaCOBOIO H_IBI/II[KiCTIO Ta
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TemriepaTypoto. CydacHOIO 3a7a4€r0 Teopii HEPIBHOBAXKHUX MPOIIECIB € HOTO y3araib-
HEHHS Ha BUMAJO0K HASBHOCTI B CHCTEMI PEJIAKCAIlIHHUX TPOIECIB Y BY3bKOMY PO3Y-
MIHHI IbOTO TepMiHY. [leHTpaapHOI0 TPOOIEMOIO MPHU IILOMY € JTOCIIIKEHHS MPOCTO-
POBO-OHOPITHUX CTaHIB, SIKI HE € CTaHAMU JIOKAJIbHOI piBHOBaru. OOYHUCIUTH BiIO-
BiIHI QYyHKIIII po3mojuly B pamkax Merony UenMena-EHckora He J03BOJISE BIACYT-
HICTh MaJioro napametpa. Jluceprariiiina po6oTa MponoHye MiaxiJ1 10 pO3B’A3aHHS 11€l
Mpo0JIEMHU Ha OCHOBI KIHETHYHOTO PIBHSHHS W BUKOPHUCTOBYE MOTO JJISl TOCHIPKCHHS
HEPIBHOBAXHUX CTaHIB rasziB (30kpema, mia3mu). GakTUdHO TpHU IIbOMY HACTHCS PO
y3aranpHeHHs1 MeTo1iB Uenmena—Enckora ta ['pena. B mitepaTypi 3a3Haua€eThCs akTy-
aJBHICTD I11€1 3a/1a4ul. BUKOpUCTaHHS IMX HOBUX PE3YJbTATIB JJIsl TOCTIHKEHHS T11pO-
JUHAMIYHUX CTaHIB IJIa3MH 3 YpaxXyBaHHSAM pellaKcalliiiHUX MPOIECIB € BaXKIJIUBOIO 3a-
Ja4€r0 TeOopii HEPIBHOBAKHUX IMPOILIECIB, 1 TOMY il y AMCepTalli TPUAUIAETHCS BEIUKA
yBara.

3B’A30K Po0OTH 3 HAYKOBMMH NPOrpaMaMu, IJiaHaMu, TeMamu. Jluceprairiii-
Ha po0OTa BUKOHAHA B paMKax JIEPOIOJKETHOI JOCIITHOI poOOTH «3MIHHI CIOCTE-
PEXKEHHS [T HOBUX €JIEMEHTAPHUX YACTHHOK Ta IMPOIIECIB B EKCTPEMAJIbHUX 30BHIIII-
Hix yMoBax» (Ne nepxpeectpartii 0113U003031), o BukonyBanacsi B JlHinmponeTpos-
ChKOMY HalllOHaJbHOMY yHiBepcuTeTi iMeH1 Onecst ['oHuapa B HayKOBO-IOCIIIHIH Ja-
Oopartopii KBaHTOBOI XPOMOILIa3MHU.

Mera i 3aaa4i nocaigkennsi. Metoro poOOTH € y3arajabHEHHsI MeToay YemneHa—
EHnckora Ha BHMajoK HAasSBHOCTI B CHCTEMI PEJIaKCAIITHUX IPOIIECIB 1 HOTO 3aCTOCY-
BaHHS /10 KIHETUKU OJJTHOKOMIIOHEHTHOT'O a3y Ta MOBHICTIO 10HI30BaHOI IJIA3MH.

Merta poOOTH TOCATAETHCS PO3B’SI3yBaHHSAM TaKUX 3a/1a4:

1. Ha oCHOBI KIHETUYHOTO PIBHSHHS pO3pOOUTHU 3aTralibHy TEOPIIO pellaKkcaliitHIX
MPOIIECIB B OKOJI1 TJIPOJAMHAMIYHUX CTaHiB (y3arajabHeHu Meton Yenmena—EHckora)
IIUISIXOM PO3TIISAY UX TIPOIIECiB O1Jist iX 3aBEPIIICHHS.

2.3a momoMoror ysaraabHeHoTro Metony Uenmena—EHCKora mocmignTy pemnak-
carito MakcBeljla B OJJHOKOMIIOHGHTHOMY Ta3i i BCTAHOBUTH 3B’SI30K 3 TEOPI€IO pe-

nakcarrii ['pena.



3.3a gomomorow y3araibHeHOro Merony Yenmena—EHcKkora nocnmiguTé penak-
caIfiiiHi MpoIecH B MPOCTOPOBO-OTHOPIIHIN MOBHICTIO 10HI30BaHii mia3mi. Po3poburtu
Teopito 30ypeHb 3a BIIHOIIEHHSIM MacH €JICKTPOHA JI0 MacH 10HA JUIS PO3B’SI3aHHS 1H-
TETrpAJIbHUX PIBHSIHBb TEOPii 3 HACTYIMHUMH HAOIMKEHUMU OOYHCICHHSIMH METOJIOM
00ipBaHMUX PO3BUHEHB 32 OPTOTOHAIIBHUMH MOJTHOMAaMHU.

4.3a J0moMOror0 y3arajabHeHOTro Meroay YenmeHa—EHCKora QOCHiIUTH TiApPO-
JAMHAMIYHI TPOIECH B IBOKOMITOHEHTHIN MJIa3Mi 3 ypaxyBaHHSM MPOIIECIB peraKcarii
TeMIepaTyp 1 MBUAKOCTEH KOMMIOHEHT. J[oCHIAUTH KIHETHYHI KOe(DIIIEHTH B T1APO-
JTUHAMIII TBOKOMITOHEHTHOI TJIa3MH TIPH HAIBHOCTI B HiM pelaKkcaiifHuX MPOIIeCiB.

5. JlocniauTy MOJIM IBOKOMITOHEHTHOI IUIa3MU B i T1APOJUHAMIYHUX CTaHaX MPHU
HAsSIBHOCTI B HIl peslakcalliiHuX MpOIECiB.

06 ’exm Oocnioxcenns: OTHOKOMIIOHEHTHHUN ra3 1 HOBHICTIO 10HI30BaHAa JBOKOM-
MOHEHTHA IJIa3Ma.

Ilpeomem oocnioxcenns. TIAPOAMHAMIUHI CTAHU OJTHOKOMIIOHEHTHOTO ra3y i Io-
BHICTIO 10HI30BaHO1 JBOKOMIIOHEHTHOI IJIa3MHU MPU HASIBHOCTI MTPOLIECIB pelaKcarlii.

MeTtoau nociigkenHsi. Y poOOTI BAKOPUCTOBYETHCS METOJI CKOPOUYEHOTO OIHUCY
Boronto6oBa, ioro inest pyHKIIOHANBHOI TinoTe3u, MeTo YenMena—EHCKora 1 MeTo
00ipBaHMX pO3BUHEHH 3a mojiHoMamMu CoHIHA y HAOMMKEHOMY pPO3B’sI3yBaHHI 1HTE-
IpabHUX PIBHSHB TEOPIi.

HaykoBa HOBM3HA OTPMMAaHHUX pPe3yJIbTATIB.

1. Ha ocHOBI KIHETUYHOTO PIBHSHHS BIIEpIIE PO3pOOJIEHO 3arajbHy TEOpilo pe-
JaKCALITHUX TMpOLIECiB B OKOJII TIAPOAMHAMIYHMX CTaHIB (y3arajlbHEHUH METO]
Uenmena—EHckora) nuisixom po3riisly IUX MPoIieciB O1s iX 3aBepIICHHS.

2. Ha ocHoBi y3araibHeHoro meroay Yemmnena—EHckora Bmepiie AOCTIIKEHO
MaKCBEJUTIBChKY peJlaKcallilo B OJHOKOMIIOHEHTHOMY Ta3l B HAOJMKE€HHI OJAHOrO Ta
nBox noJjiiHomiB CoHiHa. 3’sCOBaHO, IO BiOMI pe3ynbTatu ['pema BianoBigaoTh Ha0-
JWKEHHIO OJTHOTO TMOJIIHOMA.

3. Ha ocHoBI y3aramsHeHOTO MeToay UemneHna—EHCKora Brepime JTOCiKEHO pe-
JaKcaIliiHi IpolecH B TOBHICTIO 10H130BaHIM 1m1a3Mi 011 iX 3aBepiieHHs. Po3pobieHo

METOJI PO3B’SI3yBaHHsS IHTErpaJibHUX PIBHAHb TEOpii B Teopil 30ypeHb 3a MajauMm
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BIIHOIIICHHSIM Mac €JIEKTPOHAa Ta 10Ha 3 TOMAIBIIUMH OOYHMCICHHSIMH METOJIOM
00ipBaHMX PO3BUHEHH 3a moiHoMamu ConiHa. [TokazaHo, 1m0 HAOMMKEHHS JIOKAJTbHOT
PIBHOBAru Jja€ BipHI pe3yJbTaTH JIUILE B TOJIOBHOMY IMOPSIIKY 3a BIIHOIICHHSIM Mac Ta
JuIIe B JiHINHIN Teopii pemakcamii. [lonpaBku a0 1bOr0 HAOIMKEHHS OTPHUMAHO B
Teopii 30ypeHb 3a BIJIHOIIEHHSIM Mac y JIHIAHIN Ta KBaJpaTU4YHIA (3 KBaJApaTUIHOIO
HEJIIHIMHICTIO) TEOPIsX peaKcarrii.

4. JlocnipkeHo T1ApoIMHAMIYHI TMPOIIECH B TUIa3Mi IIPU HAassBHOCTI B Hili perakca-
idHUX mporeciB. OTpUMaHO KIHETUYHI KOS(IIIEHTH 3 ypaxyBaHHSIM MPOIIECIB peak-
carrii MBUIKOCTEH Ta TEMIEpaTyp KOMIIOHEHT.

5. JlocmipKeHo MOIU ABOKOMIIOHEHTHOI IJ1a3MU B T1IPOJAMHAMIYHUX CTaHaX MpHU
HAsSIBHOCTI penakcaiiiHux mpoieciB. [Ipu nmpomy B pamkax Teopii 30ypeHb 3a BIIHO-
IIEHHSIM Mac MOCIIJOBHO BPaXxOBaHO IMHAMIKY 10HHOI KOMITOHEHTH.

IIpakTuyHe 3HAYEHHS O/lepPKAHMX pe3yJbTaTiB. Po3pobiieHa 3arampHa Teopis
penaKcaliiHuX MPOIECiB B OKOJI TIIPOJAMHAMIYHMX CTaHIB (y3araJibHEHUN METOJ
Yemnena—EHckora) Moxe OyTH BUKOpHCTAaHA JJIs JTOCHIIKEHHS BIUIMBY peJlaKcallii-
HUX TIPOIECIB Ha TIAPOJMHAMIYHI SBUINA B Ta3ax, piAWHAX, IJIa3Mi, TBEPJAOMY TiIi
Tomo. BoHa nae MOXIMBICTH BpaxOBYBaTH HOBI pellakcaliiiHl CTYIE€HI CBOOOIU CH-
CTEMU Ta BUXOJIUTU 332 PAMKH HAOJMMKEHHS JIOKaJIbHOT pIBHOBAru. [nes 1iiei Teopii Ta-
KOX JTO3BOJISIE JOCIIKYBATH (DOPMYBaHHSI CKOPOUYEHOTO OIKCY, PO3IIISIAI04U CKOPO-
YEHUN OMKUC MOOIN3Y CTaHIAPTHOTO.

Oco0ucTuii BHecok 3100yBava. Yci pe3ysbTaTy, 1[0 BUHECEeHI Ha 3aXUCT, OTPH-
MaHi 3700yBaueM ocooucTo. OcoOMCTUII BHECOK MOJISITa€ B TOCTAHOBIII 3a/a4, y Mpo-
BEJICHHI MaTeMaTUYHUX BUKJIAJO0K, OJIepKaHH1 KIHIEBUX PIBHSAHB 1 iX PO3B’s3aHHI, B
aHaJTi3i Ta 0OrOBOpPEHHI pe3yabTaTiB, HAMMCaHHI cTaTel y ¢daxoBux kypHamax [11-
18], crareit y marepianax kongepeniii [19-27] ta Te3 monosineit Ha KOHPEPEHITISIX
[28-49]. Ixei, 3acaau Ta METOIU BUPIIIICHHS HAYKOBUX 3a/1a4, a TAKOXK HAMPSAMKHU IPO-
BEJICHHS JIOCIII/KEHb 0OTOBOPIOBAIMCH 3 HAYKOBUM KepiBHUKOM, mpodecopom Coko-
noscekum O. . Y poborax [11, 12, 283(] imes mocmipKyBaTH peakcallito Oiis 1i 3a-

BEPIIIEHHS B TPOCTOPOBO-0THOPIAHIH 1a3mi Hanexxuth Yenbaecbkomy 3. 1O.



CTyniHb J10CTOBIPHOCTI HAYKOBHUX pe3yabTaTiB. [l0CTOBIPHICTh HAYKOBHUX pe-
3yJbTaTIB, MPEICTABICHUX Y JUCEPTALHIN pOOOTI, TOCITHYTO TAKUM YHHOM:

1. BukopucTaHo cTaHIapTHI KIHETHYHI PIBHSHHS (KIHETUYHE PIBHSHHS bBonbII-
MaHa, Jlannay ta Jlannay—Brnacosa).

2. Bukopucrano BijioMi MeToaH, Takl Sk MeToJ Yemnena—EHckora y dopmyro-
BaHHI boromro0oBa Ta MeTo] 00IpBaHOrO PO3BHMHEHHs 3a mojiiHoMamMu CoHiHA s
HAOJIMKEHOTO PO3B’I3aHHS PIBHSIHD TEOPIi.

3. PesynbpTaTu po0OTH Yy BUMAAKax, sIKI BXKE PO3MISAANINCH Y JiTepaTypi, 30ira-
I0THCA 3 BIZIOMUMU Pe3yIbTaTaMU.

Amnpobauis pe3yiabTaTiB aucepraunii. Marepiaiii JOCHTIIKEHHS JI0MOBIIAJIUCH
Ha 24 koH(pepeHIIsX:

1. 38th Conference of the Middle European Cooperation in $tatigthysics,
(Trieste, Italy, March, 25 27, 2013).

2. 39th Conference of the Middle European Cooperation in &tatifthysics,
(Coventry, England, April, 8 10, 2014).

3. 40th Conference of the Middle European Cooperation in &tatifthysics,
(Esztegrom, Hungary, March, 235, 2015).

4. 41st Conference of the Middle European Cooperation in Stakigtlyysics,
(Vienna Austrig February14—-17, 2016.

5. 36th Conference of the Middle European Cooperation in fatigthysics,
(Lviv, Ukraine, April, 5- 7, 2011).

6. 3rd International Conference on Quantum Electrodynamics anistiSaét
Physics (Kharkiv, Ukraine, August 29 — September 2, 2011).

7. International School-seminar "New Physics and Quantum Chroraodgs at
External Conditions" (Dnipropetrovsk, Ukraine, May,224, 2013).

8. 4th Conference on Statistical Physics: Modern Trends andcapphs (Lviv,
Ukraine, July, 3- 6, 2012).

9. 14th International Conference on Mathematical Methods in rBteagnetic
Theory (Kharkiv, Ukraine, August, 2830, 2012).



10. 15th International Conference on Mathematical Methods in Efeatyoetic
Theory (Dnipropetrovsk, Ukraine, August, 2@8, 2014).

11. 6th International Conference "Physics of Liquid Matter.: ModeablPms"
(Kyiv, Ukraine, May, 23- 27, 2014).

12. International young scientists forum on applied sy¢Dnipropetovsk,
Ukraine, September 290ctober 2, 2015).

13. V Young Scientists Conference "Problems of Theoretical PhygiCgiy,
Ukraine, December, 2427, 2013).

14. VI Young Scientists Conference "Problems of Theoretical B$lysiKyiv,
Ukraine, November, 25 27, 2014).

15. XIV Bceykpaincbka mikona-ceminap Ta KoHKypc MOJI0OAMX BUCHHUX 31 CTaTHC-
TUYHOI (I3UKHU Ta Teopli KoHAeHcoBaHOI peyoBuHHU (JIbBiB, YKpaiHna, uepBeHs, 4 — O,
2014).

16. XV Bceykpaincbka mikojia-ceMinap Ta KoHKypc MOJOIMX BUEHHX 31 CTaTHC-
TUYHOI (PI3UKHU Ta Teopli KoHAeHcoBaHO1 peuoBuHU (JIbBIB, YKpaina, yepBeHsb, 4 — 5,
2015).

17. Conference of Students and Young Scientists "Shevchenkivska 814",
(Kyiv, Ukraine , March, 25- 28, 2014).

18. XII MexnayHapoaHasi MOJOAEKHAs Hay4YHO-TIpaKTUYECKass KOH(epeHIUs
«UYenosek n Kocmoc» ([lHenponeTpoBck, YKpauHa, anpeis, 7 — 9, 2010).

19. XIII MexnyHapoaHas MOJIOJEKHAs HAyYHO-TIPAKTUYECKass KOH(EPEHIIHS
«Uenosek n Kocmoc» (JIHenponeTpoBck, YKpauHa, anpeib, 13 — 15, 2011).

20. XIV MexnayHapoaHasi MOJOJEXKHAsT HaydHO-TIpaKTU4YecKas KOH(EpeHIUs
«Yenosek u Kocmocy ([Inenpornerposck, YkpaunHa, anpeib, 11 — 13, 2012).

21 XV MexayHnapoaHas MOJIOICKHAS HAay4YHO-TIpaKTHUecKas KOH(EpeHIs
«Yenosek u Kocmocy ([JuenponerpoBck, YkpaunHa, anpeib, 10 — 12, 2013).

22. XVI MexnayHapoaHasi MOJIOACKHAsT HAaydHO-TIpaKTHUecKash KOH(MEpeHIs
«UYenmosek u Kocmoc» (JlHenponeTpoBck, YKpauHa, anpeis, 9 — 11, 2014).

23, XVII MexnyHapoaHas MOJOJEXKHAss HAy4YHO-TIPAKTUUYECKasi KOH(MEpEHIus

«UYenmosek u Kocmoc» (JlnenponeTpoBck, YKpauHa, anpeis, 8 — 11, 2015).



24. Hayunas xoHpepenuus «HbopManmoHHbIE TEXHOJOTUM B YIPaBJICHUU
cioxxubiMu cucteMamu — 2013y (JuenponeTpoBck, Ykpanna, nionb, 19 — 20, 2013).

Iy6aikanii. Pesynpratu nucepraiii onyOikoBaHi: y 8 cTarTsax y ¢axoBHUX Hay-
KoBuX kypHanax [11-18], y 9 nparsix mixkaapogaux koHpepenii [19-27] tay 21 Te-
31 MbKHapoaHuX KoHbepenmii [28-49]. Poooru [11, 12, 16, 17, 19, 225] inaekcy-

I0ThCsl y HaykoMeTpuuHii 6a3zi SCOPUS
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PO3JILI 1
V3ATAJIBHEHHSI METOJY YEIIMEHA-EHCKOT A
TA MOI'O POJIb Y CYUACHIN CTATUCTUYHIA ®I3UIII

OpHi€ero 3 KIIOYOBUX MPOOJEM CTATUCTUYHOI (PI3UKU € mpobsemMa CKOPOUYEHOIO
onucy cuctem. [Ipu ckopoueHOMy OMKCI CUCTEMA MOBHICTIO OMUCYETHCS JEIKUMU Ta-
pameTpamH, SiKi Ha3uBalTh mapamerpamu ckopoueHoro omnucy (ITICO) cucremu. Ines
CKOPOUYEHOTO OMNHUCY € OCHOBHOIO 1JI€€I0 TEOpli HEPIBHOBAXHUX MPOLECIB, 30KpeMa
nporieciB neperocy [50].

Ha Ham yac Ba)IMBOIO Tray33i0 T€Opii HEPIBHOBAXXHUX MPOLECIB € TEOPis, sfKa
0a3yeThcs Ha KiHETUYHOMY piBHsHHI bonbimana [51, 10]. HaiiGinbin po3BUHYTHMEU
METOJaMH PO3B’S3aHHSA KIHETUYHOTO piBHSHHsA bonbiiMana € meromu ['pema [5] Tta
Yemnena—Enckora [10, 9]. Xoua 3a3HaueHa Teopis Mae JesAki 0OMex)eHHs (OCKUIbKU
3aCTOCOBHA JI0 PO3PIKEHUX Ta3iB), BOHA MIUPOKO BUKOPUCTOBYETHCS SIK JJIsI KJIACU4-
HUX, TaK 1 JJI1 KBaHTOBUX ra3iB [52-54]. Hanpuknaz, Bigomi ii 3aCTOCYBaHHS 0 TE€O-
pii iasmu [4, 55, 56] 1o Teopii TBepAOro Tina (omMc B3aEMOIT €IEKTPOHIB Ta (GOHO-
HiB, [57, 58, 8]),10 HociiKeHb KiHeTUKH (DOTOHIB Y piBHOBaXKHIH 1u1a3mi [59], 10 mo-
CJII/DKeHb TPAHCIIOPTHUX BJIACTHUBOCTEH CYCIIEH31i TBEPIMX YACTHHOK Y B A3KOMY Ta3i
[60], mo nocimkeHb raapoHHOro ra3y [61], IpyXHUX Ta HEMPYKHUX 3ITKHEHb Y Pelisi-
TUBICTCHKHX Ta3zax [62], 10 MoCHiIKeHb MPOIECiB, 10 MOXKYTh MaTH MICIe Ha BEJIH-
KOMY TaIpOHHOMY KoJjaiaepi [63-67], 1o moCiyKeHb BIACTHBOCTEH TpaHyJIIPHHX
Mmatepiani [68-73], 10 mocHiKeHb PENATUBICTCHKIX ra3iB y TPaBITAIMHUX MOJSAX Y
pamKax 3arajbHoi Teopii BigHOCHOCTI [74, 75] Tomo.

[cTopuuHO mepmmM 3aady NoOyA0BU TIAPOAMHAMIKH (30KpeMa Teopii MpoIeciB
MEPEHOCY) Ha OCHOBI KIHETUYHOrO PIBHAHHS BoJjbIMaHa MOCTaBUB Y 3araJibHOMYy BH-
gl TinsOept [76]. Bin BBIB KOHIICIIIiI0 HOPMAJIBHUX PO3B’SI3KiB (TOOTO TOrO, IO
¢yukiis posnoainy (DP) 3anexurs Bif yacy depes nmocepeanicts [1ICO rimpoauHami-
YHOTO CTaHy) Ta 3HaimoB ®P y rojloBHOMY MOPSIIKY Teopii 30ypeHb 3a MaJIMMH I'pa-
nieHTamu B cuctemi. Y nmopanbiomy Yemmnen ta EHckor po3BuHynu ioro iaei [77, 78,

10]: im Baanocs 3Haiitu P y mepiiomy mopsiky 3a rpaji€eHTaMu Ta PiBHSHHS TiApo-
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JTUHAMIKH 3 ypaxyBaHHSM JUCUTIATUBHUX MPOIIECIB. 3ayBaKUMO, IO JUIsI 3HAXOHKCH-
Hs1 OP Ha ocHOBI MeToay Yemnena—EHcKkora 3 iHTErpadbHUX PIBHAHD TEOPIi TOIIBHO
BUKOPHCTOBYBAaTH OPTOTOHAJIbHI MOJIHOMU (Y BHUIAJKY KJIACHUYHOI MEXaHIKH — IOJi-
Homu CoHiHA), IO Briepire Oyio 3ampornoHoBaHo bapHerTom [79]. 3apas ines 3acto-
cyBaHHs noJiHOMiIB COHIHA JIy)Ke ITUPOKO BUKOPUCTOBYETHCA JJII OTPUMAaHHS HaOJIH-
KEHUX aHAITUYHHMX PO3B’S3KIB KIHETUYHHUX PIBHAHB K y IPOCTOPOBO-OTHOPITHOMY
[8, 80, 81], Tak i B mpoCTOPOBO-HEOIHOPITHOMY BUTIAAKY [82-84].

bapuert Takox orpuma ®OP B npyromy mopsiiky 3a rpaJi€HTamMu Ta BIAMNOBIAHI
gacoBi piBHsHHA 1y [1ICO. Sk Bimomo [85, 86], pesynbratn GapHETIBCHKOTO HAOJIH-
KEHHS1 HE 000B’SI3KOBO MOKPAIYIOTh pe3ysibTatu HaOmmkeHHs Ha’e—Ctokca (ToOTO
yacosi piBHaHHS 1 [ICO 3 ypaxyBanuam @P, siki oTpuMaHi 3 TOYHICTIO JI0 MEPIIOro
MOPSIZIKY 3@ IpaJilEHTaMM), XO4ya BiJIOMI BUNAJKHU, KOJU PIBHAHHS bapHerTta AliicHO
nonpapisioTh piBHsSHHS Hap’e—Ctokca (quB. [87, 88]). MoxiuBo, nmpodiieMa moJjisrae
B TOMY, 1[0 TIpH 1T0OYA0B1 piBHSIHL bapHeTTa ciijl BpaXxoByBaTH HEJIOKAJIbHICTh 1HTET-
paiy 31TKHEHb, a B pamkax meroay YemneHa—EHcKora BUKOPUCTOBYIOTH JIOKAIbHI 1H-
Terpainu 3iTKHeHb. Hampukiian, BilomMe BpaxyBaHHS HEJOKaJIbHOCTI 1HTErpaity 3iTK-
HeHb y poborax [89, 90].

BusHayanbHuit BHECOK 10 CTaTUCTHYHOI (i3uku BHIC Boromob6os [1], chopmy-
JOBaBIIXA MeToH ckopoueHoro onucy (MCO), okpeMuM BUIIAKOM SIKOTO € MeTon Ye-
nMeHa—EHckora. BiH BUCYHYB 17110 (PyHKIIOHAIBHOI TIMOTE3U Ta cPOpPMYIIIOBaB 1 00-
IPYHTYBaB JYMKY, 110 BUHUKHEHHS HOPMaJIbHUX PO3B’SI3KIB € PE3yIbTaTOM MPUPOJ-
Ho1 eBostronii cuctemu [91]. 3rigHo 3 igessmu boromo6ora [1], kimpkicte [TICO 3MmeH-
LIY€EThCA 3 TUIMHOM €BOJIIOLIT Ta Ha (iHaIbHOMY (T1IPOIMHAMIYHOMY) €Tarl eBOJIFOLIT
cucteMa onucyerbes Takumu [1CO: rycTHHAMU KOMITOHEHT, MAaCOBOIO IIBHJKICTIO Ta
TEMIIEPATyPOIO.

Boromo6oBuM Takox Oyio BHUBEIEHO JIAHIIIOKOK YaCOBHUX PIBHSIHB ISl 6araTo-
YaCTUHKOBUX (yHKIIH posmoainy (manmroxkok boromobdosa—bopra—Ipina—IBoHa—
KipkByna), 1110 J03BOJIUIIO MOKPAIIUTH MaTeMaTUYHE OOTPYHTYBaHHS TEOpii HEPIBHO-
BaXHUX mporieciB. Ha ocHOBI cBO€i (PyHKITIOHATIBHOI TIMOTE3H, BIAMOBIIHO 10 SKOI 3

IJIMHOM €BOJTIOLT OaraToyacTuHKOBlI DP mounHAOTh 3aJIe’KaTH Bij 4acy uepes OJHO-
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yactuHkoBy ®DP, BiH BUBIB KiHeTH4HI piBHsHHS bojibiMaHa (y BUMAAKY Maoi TyCTH-
Hu) Ta Jlangay—Bnacosa (y Bumaaky manoi B3aemMoJii) st ogHoYacTHHKOBOT OP. 3a-
3HAYUMO, III0 B OPHTiHaAIBHIN poOoTi bombivana [92] iioro kiHeTH4HE PiBHSAHHS OYJI0
BUBENICHO 3 (peHOMEeHOJOrTYHNX MipKyBaHb. JlaHIoxok boromo6oBa ta ioro yza-
TraJIbHEHHS] aKTUBHO BUKOPUCTOBYIOTHCSI B CTATUCTUYHIN (Pi3Ulll. Y3araabHEHHS 1IOTO
JIAHITIO’KKA 3aCTOCOBYETHCSI B TEOPIi I'YCTHX Ta3iB y pamkax MeToay 3yoapesa [93]. Bi-
JIOMi 3aCTOCYBaHHS JIAHIIFOKKA 10 Mojeli TBepaux chep [94], i orpumMaHHS HEMap-
KIBCHKUX KIHETUYHMX PiBHAHB [95, 96|, 11 BUBEACHHS KBAHTOBHUX KIHETUYHHMX PiB-
HSHb Ha MaTeMaTWYHOMY piBHI ctporocti [97, 98], mis mociipKeHHS KOPesIii y
KBaHTOBHX cucTemax [99], mis JoCiKeHHST CHCTEM Y 30BHIITHIX CTOXAaCTHYHUX T10-
asx [100], ans mocmipkeHHs cyMinie HenpykHuX TBepaux chep [101], mist otpu-
MaHHsI PiBHSHB TAPOIUHAMIKH [T MiKpocKomniuHo1 (a3oBoi rycturau [102] Tormo.
BigmosigHo 10 ¢yHKIioHaIsHOI TimoTe3u boroawobosa [1], ckopouenuit omwmc
CUCTEM TMOYUHAETHCS 3 JICSIKOTO XapakTepHoro yacy, a He 3 4yacy t=0. [Ipu upomy
e(eKTUBHI IOYATKOBI YMOBHU, TOOTO IMOYATKOBI YMOBH, SIKI MOYXXHA OTPUMATH Ha OCHO-
Bl IIpoJIoBKeHHS yacoBux piBHAHR MCO m0 t=0, Ta peanabHI MOYATKOBI YMOBH JJIS
IICO ne 0060B’s13k0BO 30iratoThes. Hampukinan, HaBITh [Ji1 CUCTEMH 3 CIa0KOI0 MpOoC-
TOPOBOIO HEOAHOPIIHICTIO Y BUMAAKY, KOJIM MOYATKOBUM CTaH CUCTEMH € MaKCBEIIiB-
CHKHM JIOKAJIbHO-PIBHOBRXHUM CTaHOM, €()EKTHUBHI Ta peajibHI MOYaTKOBI YMOBH OYy-
AYTh BIIPI3HATUCH HA BEIMYMHY MOPSIKY KBaapary Mainux rpamieHTis [103].
Ocnognoto 3agauero MCO € nomryk HepiBHOBakHOT DP Ta yacoBuX piBHAHbB IS
IICO. MoxHa ctBepmkyBaTH, 1o MCO BAaEeThCs pealizyBaTH, SIKIIO PO3B’A3KU 0a30-
BUX PIBHSIHb METO/Y BJA€ThCs 3HAWTH 1 o0uucinut OP Ta yacosi piBHsHHS 11t [1CO.
Ha xanb, 3HalTH pO3B’SI3KH BAAETHCS JIUIIE B JACSIKIM Teopii 30ypeHs (Xo4ya € oKpemi
BUIIAJIKM TOYHO PO3B’S3yBaHUX MOJIEIEH, HAITPUKIAl, TOYHO PO3B’SI3yBAaHUM € KiHETH-
YHE PIBHAHHA U1 HEPIBHOBA)XKHOTO Ta3y OpOYHIBCHKHX YAaCTHHOK Y PIBHOBAKHOMY
cepenosuii [104, 105]). B meskux DOCUTH MOMIMPEHUX BHUITAAKAX € «PEUCHT» SIK BH-
oupartu I1ICO rtak, mo6 MCO boromnto0oBa MmoxHa Oyio peanizyBatu. Hanpukian, BiH
peani3yeThCsl B KIHETHUIl MOBUIBHUX 3MIHHMX, OKPEMHUM BUITaJIKAMU SIKO1 € € CTaHJaH-

JapTHa T1ApoAMHAMIKa Cl1a0KO HEOJHOPITHUX CTaHIB CUCTEMHU. B Takomy pasi Maium
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napaMeTpoM, 3a KM OyayeTbcs Teopist 30ypeHb, € TOW mapaMmeTp, KUl XapakTepu-
3ye manicTh yacoBux noxinuux [ICO (B pamkax metony Yenmena—EHckora num ma-
UM napamerpom € rpaaiedTH). llle onun nyxe nomupenuit Bunaaok — mojaens [lemne-
T™MiHChKOTO—STIeHKa [9]. BOHA BUKOPUCTOBYETHCS TOJI, KOJIU TaMiJIbTOHIAH CUCTEMH
MO>KHA MPEJCTABUTHU K CyMY T'OJIOBHOTO BHECKY Ta MaJIOi MOMPABKU JI0 HHOTO 33 YMO-
BH, 1110 TOJIOBHUH BHECOK Beje J0 jdiHiHoro piBHaHHSA 11 [ICO. Mogens [lenermin-
chKOro—SITIeHKa BUKOPHUCTOBYETHCS ISl AOCIIHKCHHS KOPEISIii eIeKTPOMarHiTHOTO
HOJISA y IIa3Mi, sIKa 3HaXOIUTHCSA Ha TiApoauHaMmidHOMYy erami eBoiromii [106, 107];
s pociimkenHs moxenm Jlikke [108-110]; anst mochipKeHHS AWHAMIKH KOPEIISIIIin
CJICKTPOMArHITHOTO TOJIA Y piBHOBaXkHOMY cepenoBuiii [111] romo. [Ipote 3ayBaku-
MO, 1110 3arajbHoOro «penenty» Budbopy [ICO cuctemu y 3B’sI3Ky 3 BIATIOBITHOIO TEOPi-
€10 30ypeHb, Ha *KaJb, He icHye. st koxxHoro Bunaaky I[1CO 1 mani napamerpu Teopii
«BUKPHUCTATI30BYIOTHCS» B MPOIECI €KCIEPUMEHTAIBHOTO Ta TEOPETHYHOTO JOCIi-
JOKCHHS] CUCTEMH.

OpHi€o 3 HAWBAXKIMBIIIMX 3a7a4 Cy4acHOI Teopii HEPIBHOBAXKHUX IMPOLECIB €
y3arajgbHeHHS MeTony YemmneHa—EHCKora juisi onmucy eTariB €BOJIOL, OUTBIN paHHIX
3a riapoauHaMiunuit [112]. Ils 3a1aua € akTyaabHOIO SIK JJIs ¢1a0KO, TakK 1 I CHIIBHO
HEPIBHOBAXHUX CUCTeM. B mqucepTarlii mpomoHyeThCsl y3araabHEHHsI MeToay Yemrie-
Ha—EHCKOTa 71 ypaxyBaHHS BIUIMBY peJaKCallifHUX CTYIEHIB CBOOOJM CHUCTEMHU Ha
rigpoauHamivHi npouecu. Ilpu HboMy BUBYAIOTHCS CTAHU CHUCTEM, SIKI 3HAXOIATHCA B
OKOJII CTaHAAPTHOTO TiIpoJMHaMiIYHOTO cTaHy. OcoOnauBY yBary TpPHAUICHO OCIHi-
JUKEHHIO Ha I[IM OCHOB1 BJIACTHUBOCTEN MOBHICTIO 10HI30BAHOI JBOKOMIIOHEHTHOI €JIEK-
TPOH-10HHOI TUIa3MH, @ TaKOX y3arajibHeHHIO Metoza ['pena. B Ham yac meton I'pena
Ta Horo MoaudikaIlii akTUBHO 3aCTOCOBYEThCS A0 (izuku miazmu [113-117], no Teo-
pii rpanynspaux marepianis [118, 119] no gocmiKeHHS CTPYKTYpH YAapHUX XBUJIb
[120], 1o moOymoBH peasTUBICTCHKOI rigpoauHaMiku [121, 122]ra 10 iHIIUX CHCTEM
13amad4.

OkpeMHM BUIIAIKOM Takoro ysarajibHeHHs Metony UemneHa—EHCkora € 3agava
penakcallii TeMrneparyp Ta MIBHAKOCTEH KOMIIOHEHT MOBHICTIO 10HI30BaHOI MJIa3MU B

IPOCTOPOBO-OTHOPITHOMY BHUIIAJKY. Lle y3araibHeHHs 0a3yeThesl Ha 1€l pyHKIIIOHA-
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7pHOI Tinote3u boromoboga [1]. 3agauy penakcarii TeMeparyp KOMIIOHEHT TUIA3MHU Y
IIPOCTOPOBO-OTHOPITHOMY BHITJIKy BIIepIie po3rissHyB Jlanmay [4] Ha ocHOBI BHBe-
JICHOTO HUM KIHETUYHOTO PIBHSIHHS JJIS OMHKCY TUTa3MH. 3ayBa)kKUMO, 1110 y poOoTi [4]
Jlannay BUBIB CBO€ PIBHSHHS 3 KIHETHUHOTO PiBHSHHS bosbliMaHa, BpaxyBaBIu JEsKi
0COOJIMBOCTI KYJIOHIBCBKHX 31TKHEHb, X0Ua 1HTerpas 3iTkHeHb JlaHaay MokHa Ge3no-
cepennbo orpumatd B MCO Ha ocHOBI HaOmmkeHHs Maioi B3aemoii [1,9]. IIpu po3r-
TS 3a7a491 penakcarii Temmneparypu Jlangay 6azyBaBcs Ha HAONMDKEHHI, M0 TTPOCTO-
poBo-oHOPIIHT (QyHKINT po3noainy komnoHeHT (DPK) € mMakcBeniBbKUMU 3 3alieikK-
HUMHU BiJI 4acy TeMIlepaTypamMu KOMIIOHEHT, TOOTO 1€ 3po0JIeHO Yy HaOIMKEHHI JIOKa-
neHOi piBHOBaru (HJIP). Hum Oyno oTpuMano yac penakcaiiii TeMIepaTrypu B TOJIOB-
HOMY MOPSAKY 32 MajuM BIJTHOIICHHSIM Mac eJekTpoHa ;10 ioHa. [liznime CmiTiep
[123] oTpumaB momnpaBKy 0 [LOTO PE3yJIbTATy B OibII BHCOKOMY MOPSAKY 32 BiJHO-
IIEHHSAM Mac. 3ajaya perakcaiii MBUAKOCTeH po3risiHyTa B KHHM31 [55] Ha OCHOBI
HJIP, mpu npomy vac penakcariiii IBUIKOCTEH 3HAHIEHO B TOJIOBHOMY TOPSAKY 3a Bi-
nHomeHHssM Mac. HJIP nocuTh mmMpoko BUKOPUCTOBYEThCA B JiTepaTypi. Hanpukian,
Ha HhOMY 0a3zyBaBcsi bpariHChKHii y CBOTX MOHEPCHKUX JOCIIKEHHSIX T1IpOMHAMIKA
wia3mu [124, 83] Ha HboMy 6a3yeThCsl TOCIIPKEHHS TPOIIECIB MEPEHOCY B 0araToko-
MIOHEHTHIN Tu1a3Mi [115]. BoHO BUKOPHCTOBYETHCS B JOCIIKCHHI peslakcarlii raps-
YMX TOYOK Y TUIa3Mi, SIKa 3reHepOBaHa Ja3epHUM BUNpoMineHHsM [125-127] HJIP Ta-
KO € OCHOBOIO JIOCTIJI’KEHHS MOTOKIB Ta KIHETUYHUX KOE(IIIE€HTIB IJIa3MU y BUMA/I-
Ky rpaieHTiB qoBibHOI Beanuunu [126-130, 84]. BoHo € ocHoBor0 Metoay Yernme-
Ha—EHcKkora B HaOmmkeHi yacy penakcaiii [114]. HJIP mupoko BUKOPHUCTOBYETHCS HE
muuie y (izumi mnasmu. Hanpuknaz, penakcaiiisi B TpOCTOPOBO-OJHOPIHINA TBOKOM-
MOHEHTHIH eJeKTPOH-()OHOHHIN CHCTEMI Ha OCHOBI HAOJIMKEHHS JIOKAJIBHOI pIBHOBAru
posrisinaerbess B podoti [131]. BoHO BHKOPHCTOBYETHCSI B KiHETHUYHIN TEOpil 4acTu-
HOK, SIKI B3a€MOJIIOTH i3 rigpoanHaMidaum cepegosuineM [132]. ¥V poboti [133] 3a-
3HaueHo, 1o HJIP B3arani Mae BUKOPUCTOBYBATHCS JJIsl OMTUCY CTAaHAAPTHUX T1APOIH-
HaMIYHHMX CTaHIB CHCTEMH.

[Ipote Bimomi poboTH, 1€ miaiiMaeTbes npoodsiema nopymenus HJIP. Hampuknan,

Taka mpodJsieMa 0OTOBOPIOEThCS B Teopii mossipona [7, 8, 2]. [Ipobiema mopyuieHHs
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HJIP migifimaetbest B poboTi [134], sika pucBsiueHa perakcailii mocTynaibHOT Ta 00e-
pTanbHOI €HEepTii B MPOCTOPOBO-0HOPIAHIN cucTemi. [IpoOaema HEOOXIAHOCTI TOMTY-
Ky MPOCTOPOBO-OJHOPITHUX PO3B’s3KIB 0e3 npunyiieHHs npo HIIP € BaxiuBoro mpo-
OseMor0 B Teopii rpaHyisipHuX cucteM [135]. Jns turasmu 3aj1ada OTpUMaHHS ITOIpa-
BOK 10 HJIP takox € akryansHO0 [136]. Tomy 3agada orpumanns ®PK y mpocTopo-
BO-OJIHOPITHOMY BHUIAJAKY O€3MOCEPEIHhO 3 KIHETUYHOTO PIBHSIHHS Ta MOPIBHSHHS pe-
3ynbratiB 3 HJIP € BaxknuBoro 3agaueto craTUCTUYHOT Pi3uKH. Y aucepTalii 1 3agada
BUPIIIYETHCA AJII IPOCTOPOBO-OJTHOPIAHUX CTAHIB CUCTEMH y BUIIAJIKY, KOJIU BIJIXH-
nenns [ICO Bix ix piBHOBaXHUX 3Ha4YeHb MaJi. L{e mae 3Mory peanizyBaTé METOH CKO-
poueHoro onucy boromato0oBa sik KIHETUKY MOBUTLHUX 3MIHHUX.

3ayBa)kUMO, 110 B CTaTUCTUYHIN (izuii gyxe yacto HJIP € HaGmmkeHHsIM OHO-
ro noysiiHoMa CoHIHa Ta MONpPaBKHU O HOIO MOKHA IIYKaTH B OUTbIIINA KUIBKOCTI MO-
aiHoMiB. Hampukian, Taki pe3yyibTraTH OTpUMaHi B poOoTi [8], mpucBsdeHil 3acTocy-
BaHHIO MeToy Yemnena—EHckora 1o teopii mojspoHa. AHanoriyHi iei BiAMIYCH] B
pobGorti [137], mpucBsSYeHIA AOCTIIKCHHIO CYMIllli TpaHyIsIpHUX KOMIOHEHT. [Ipu
I[bOMY PO3B’SI30K KIHETUYHOTO PIBHAHHS B HAOJMKEHHI OJHOTO MOJIIHOMA MOBHICTIO
BU3HAYAETHCS JOJATKOBUMHU YMOBaMHU JO PIBHSAHB Teopii, TOOTO o3HadeHHsIMuU [1CO
cuctemu B Tepminax OPK.

3ayBaXUMO TaKOX, L0 y poOOTax MOMEPETHUKIB (PaKTUYHO BUBYAIACH JiHINHA
Teopisl pernakcailii, TOOTO PO3TJIAIAIUCh JIMIIE Taki BHECKM B YacOBI PIBHSHHS IS
I1CO, sxi € miniiaUMU 32 BigxuwieHHaMH [ICO Bix iX piBHOBOXXHHMX 3HA4Y€Hb. B miit
po0OOTI T10JJaTKOBO BUBUYAETHCS KBaJpaTHUUHA TEOPIisl pesiakcallii, ToOTO BUBYAIOTHCS
KBaJpaTU4HI 32 MaJIMMHU BiaxuiaeHHAMU BHeckH 10 ®PK Ta 10 wacoBux piBHSIHB IS
[1CO. 3anmava mocimiKEHHs KBaJApaTUYHOI pernakcallii € I[IKaBOw, OCKIIbKHA BHECKH,
SKi € KBaIPaTHYHUMH 332 MAJMMH BiIXHJICHHSMH, aji¢ TOJIOBHOTO TOPSIKY 3a BiJIHO-
IIEHHSIM Mac, Ha JAESIKOMY €TaIli €BOJIOIIT MOXKYyTh OYTH MOPIBHSHI 3 BHECKAMU OLIbII
BHCOKOTO MOPSAKY 3 BITHOIICHHSIM Mac B paMKax JIIHIHHOI Teopii penakcariii.

VY cydacHil craTUCTUYHIN (Di3ULll € TOCUThH MOUIMPEHOIO 171 OyAyBaTH TEOPIIO
30ypens y pamkax MCO boromro6ooBa He JuIle 3a MaJIUMH TpajJliEHTaMH, ajie i 3a

JI0OIATKOBUMH MaJluMU napameTpamMu. Hanpukiaz, Taki i71ei 3aCTOCOBYIOTHCS JJIsI OTH-
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Cy BIUIMBY peiakcalii Ha TiJpoAHHAMIKY MOJSPOHHOTO a3y B TEOpii TBEPAOro Tija
[138, 139] B 3amaui KiHETHKH (OTOHIB y PIBHOBXKHOMY ILIA3MOBOMY CEPEIOBHII
[140, 141] Teopist mpocTOPOBO-HEOAHOPIHUX CTAaHIB YACTHHOK, IO CI1a0KO B3aEMO-
JIIOTH 13 TIAPOAMHAMIYHUM CEPEIOBUIIEM, OYAYETHCS HA OCHOBI KIHETHKHU TMOBUIBHHUX
3MIHHHX 3a JBOMa MaJuMu napamerpamu [142-144] manoro B3aeMOJI€I0 Ta MaJIUMU
rpajgienTaMyd. PI3MYHO Taka TEOpish MOXKE 3aCTOCOBYBATHCH JJI OIMUCY MOUIMPEHHS
HEUTPOHIB y cepeloBUIIll 0€3 PO3MHOKECHHSI Ta 3aXBaTy.

3anpornoHoBaHe B 11 poOOTI y3aranbHeHHs MeToy YemnmeHna—EHckora 6a3y-
€TbCSI HA BUKOPUCTaHHI Teopii 30ypeHb 3a JBOMa MajMMH MapaMeTpamH, Nepiiui 3
akux onucye Maini BiaxuwieHHs [1CO Bif iX cTaHAAPTHUX T1APOJAUHAMIYHHUX 3HAYEHb, a
JIPYTUi — MaJli TpajiieHTy B cuctemi. [Ipu 1boMy MaEMO KIHETUKY MOBLIBHUX 3MIHHHUX:
@®PK 1 4acosi piBHsaHHS Juist [ICO mrykaroThest B Teopii 30ypeHb 3a BHILE3a3HAYEHUMU
JBOMa MaJlUMU TlapameTpamu. B pamkax 1iei Teopii 30ypeHb Teopiss HYJIbOBOIO TO-
PAIKY 3a BIIXWICHHSIMHU € CTaHJIAPTHOIO T1IPOJIMHAMIKOIO, a TEOpis HYJIbOBOIO IO-
PAAKY 3a TpaJi€HTaMH € TEOPIi€0 MPOCTOPOBO-OAHOPIAHOTO CTaHy, B paMKax SKOi
(muB. BuIIE) OTpuMYyIOThCs TonpaBku 10 HJIP. ¥V po6oTi Takox BUBYAETHCS MEPIIUN
MOPSZIOK OJHOYACHO 1 3@ BIIXUJICHHSIMH, 1 3@ TPaJllEHTaMU, 110 JIa€ 3MOTY JOCTIAUTH
BITUB TonpaBok 10 HJIP Ha rigpuaunamiky cuctemu. [lpu oMy akTyanbHOO 3a1a-
Yel0 € BUBYCHHSI BIUIMBY peJlaKCalllifHUX MPOIIECiB HA TOTOKHM Ta KIHETHYHI Koedirie-
HTU cucTeMH. B Teopii mia3Mu penakcailiiiHi BHECKM B MOTOKU Ta KIHETHYHI Koeii-
€HTU paHillle He BUBYAJIKMCH Hi y BUMAAKY Maiux rpafgientis [124, 83] Hi y Bunaaky
IpajieHTIB TOBUIbHOI Benunuu [126-130, 84].

VY nucepraiiiiiniii poOOTI CTaBUTHCS TAKOX 1 3aja4a JOCTIIKEHHSI MOJI TUTa3MH.
Sk B1IOMO, 11€1 CKOPOUEHOT'O OMUCY HIUPOKO BUKOPUCTOBYIOTHCS JIsl OTPUMAaHHS MO/
CUCTEMH. 3arajlbHO BIJOMHI Ta JyXe€ MIMPOKO BKUBAHUI METOJ OTPUMaHHS MO/
OTPUMATH MATPHUIIIO JiHeapu30BaHux piBHIHB st [ICO Ta mociiauT BIacH1 3HAYCH-
Hs Ta BiacHi ¢yHkil miei matpuii [145-148]. Y Bunaaky BUXOy 3a 3BUUANHY TiApPO-
JUHAMIKy BUKOPHUCTOBYIOTh y3arajJlbHeHY TipoJuHaMiuHy MaTpuio. Ha ocHOBI 1ux
1716l OTPUMYIOTh MOJM TaKOX JJII CHUCTEM, Ha SIKI Jli€ BUMAJKOBA 30BHIIIHS CHJIA

[149]. Cxoxi iei BUKOPUCTOBYE JIbBIBChKA IIIKOJA CTATHCTUYHOT (PI3UKK B paMKax
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METOJly y3araJbHeHHUX KoJIeKTUBHHX MoJ [3]. Lleit MmeTon nepeadayae BUKOpUCTAHHS B
sxocTi [ICO cucremu cranmaptaux rigpoanHamidaux [1CO Ta iX yacoBUX MOX1THUX
JUISL OCIIJDKEHHS 9YaCOBUX KOpeJsiMHMX GyHKIH. Bigomi 3acTocyBaHHS 1IbOTO Me-
TOJY JO JOCIIJDKEHHS BJIaCTHBOCTEH po3rutaBiB coserr [150], ryctux piguH Ta rasis
[151-155], piakux mertaiiB Ta criasiB [156, 157].

Sk Bimomo [146, 9, 158]Ha ocHOBI KiHETHYHOTO PiBHSIHHS BiacoBa i3 camoys3ro-
JDKCHUM 4JICHOM OTPUMYIOTHCS TIJIa3MOBI MOJAM, (I3UYHHMA 3MICT SKUX — KOJMBAaHHS
3apsAy i €0 caMoy3ropkeHoro noiia. OpHak, 3BUYaifHO IM1a3MOB1 MOJIU OTPUMY-
I0THCS HAa OCHOBI METOY MI€TIEKTPUYHOI MPOHUKHOCTI 0€3 BUKOPUCTAHHS CKOPOUYEHO-
r0 OMUCY. 3ayBaXKMMO TaKOX, IO TIPH PO3TIISAI 3a4a49i MOJT TUIa3MH IITUPOKO 3aCTOCO-
BYETHCSI MOJIETb JKelie, TOOTO MiJICUCTEMAa 10HIB BBAXKAETHCS PIBHOBAKHOIO. OCKIIbKU
HasBHICTh IHTETPAIIy 31TKHEHb Y MPOCTOPOBO-OJHOPITHOMY BHUIIAJKY OIUCYE pellaKca-
ifiHI KIHETHYHI MOAU cHUCTeMH [55], JOriYHO OUiKyBaTH, [0 PO3TJISLA MO HA OCHOBI
KIHETUYHOTO DIBHSHHSA JAacTh peJlakcalliiiHe 3racaHHs IUTa3MOBUX XBWIb. Bimzome
OTPUMaHHS TUTa3MOBHX MO B poboTi [147], ane gacosi piusuHsA 11t [ICO B Hill BH-
MUCYIOTHCA (PEHOMEHOJIOTUIHO, & HE OTPUMYIOTHCS CTPOro Ha 0a3i KIHETHYHOTO PiB-
HSHHS, 1 B OCHOBI PO3TJISY JEKUTh MOJIEIb Xkesie. ToMy akTyaJabHOIO € 3a/1a4a MOoIIly-
Ky MOJ TUIa3MHU Ha OCHOBI METOJYy CKOpOYeHOro omnucy borosmo0oBa 3 ypaxyBaHHSIM
BinxuiieHHs OP 10HIB BiJl piBHOBaXKHOI. Y JucepTallii Taka 3ajada po3riIsgacThCs IS
KiHETUYHOTO piBHSAHHSA JlaHnay Ta kiHetmyHoro piBHsSHHS Jlannay—BrnacoBa. Takox
JOCIIIKY€EThCS peTaKcalliiHe 3racaHHs TIa3MOBUX XBUJIb, (Pi3UYHA MPUYUHA SIKOTO —
Mpoliec penakcallli MBUIKOCTI, Ta MPOBOJUTHCS MOPIBHIHHSA 3 BITOMUM peE3yjbTaTa-
MH, cTocoBHMMU 3racanHs Jlanmay [159]. 3ayBakumo, 1o 3aqava 3HaXOHKCHHS MOJT
KIHETHYHOTO piBHSIHHS JlaHmay, sika po3TisgaeThCcsi B pOOOTI, € BAKIMBUM €TArlOM T0-
OyZ10BM KIHETUYHOI TEOpii Ta MOJ MJIa3MU Ha OCHOBI1 piBHAHHS JIlyBULIA Ta raMijbToO-
HiaHy, OTpuMaHoro B po6oTi [160], ToMy 1110 BOHa Ja€ 3MOTY 3MEHIIUTH PO3MIPHICTh
3aadl.

3ayBaXUMO, W10 KpIM METOAIB, SIKI € Yy3araJlbHeHHsMU MeTony YemriieHa—
Enckora, y cydacHiif CTaTUCTHYHIN (i3UIIl MIUPOKO BUKOPUCTOBYIOTHCS METOMH, SIKI

I'PYHTYIOTbCSI Ha piBHAHHI JI1yByU1s a00 BIANOBIAHOMY JIAHIIOKKY (YHKLIN po3moi-
18



7y, 30KpeMa MEeTO]l HEPIBHOBAKHOTO CTATUCTUYHOTO Oneparopa (HepiBHOBaKHOT (yH-
kuii posmoniny) 3ydapesa [161, 162 133]. Lleit meTon Tex 6a3y ThCs Ha iei cKOpo-
4yeHoro omnucy. BiH mojsrae B y3arajibHeHHI piBHOBaXKHOI Teopii ['100ca Ha HEpiBHO-
BaXHUI BUNAJI0K 1 MOOY/0BI Ha 1111 OCHOBI HEPIBHOBAKHOTO CTATUCTHYHOTO OIEpaTo-
pa CUCTEMHU, KU JI03BOJISIE OTPUMATH KIHETUYHI PIBHSHHS, PIBHSAHHS MIEPEHOCY Ta Ki-
HeTU4HI KoedimieHTu cuctemu. Llet MeTos € JOCUTh MOMYJISIPHUM Y CTaTUCTHUYHIN (i-
3WII, OCKUTBKHA WOTO MOXHA, ((OPMAIBHO KaKy4H, BUKOPUCTOBYBATH SIK JIJISI CHJIBHO,
Tak 1 JUisl cllaOKO HEpIBHOBAXHMX cucTeM. Hampukinaa, HOro MIMPOKO 3aCTOCOBYE
JBBIBCHKA IIIKOJIa CTaTUCTHYHOT (iznku [163-166].

IIle ogHUM METOAOM, SIKMH JOCHUTH IIMPOKO BUKOPUCTOBYETHCA B Cy4YacHIH cTa-
TUCTUYHIH (i3uili, € MeTon Gpyukuin ['pina [50, 167].Hanpukan, 3a HOro J01mMoMOror0
MOJKHa oTpuMat mia3MoBi xBwii [111, 168].IIpote MeTo, SAKHMiA pO3BHHEHO B JHCE-
pTali, € MPOCTIIIUM Ta 3PYUYHIIIAM JUIsI OMUCY CTaHIB CHCTEM, K1 3HaXOJAThCS MO0-
JIU3Y CTAaHJAPTHOIO T1IPOJIMHAMIYHOTO cTaHy. BiH 6€3 cKlaHO1 OnepaToOpHOi TEXHIKH
Ta METOJIB TE€OPii MOJII JTO3BOJIIE OTPUMATH peJIaKCalliifiHl MOMpPaBKU O MOTOKIB Ta
KIHETHYHUX KOe(]III€HTIB CUCTEMHM. BiJbIl TOTO, 32 OT0 JOMOMOTrOI0 3PYYHO Bpaxo-

ByBatu nonpasku 10 HJIP Ta ix BIJIMB Ha TIpoAMHAMIYHI IPOLECH.

BucHoBku 10 po3ainy 1
3anmaui, MoCTaBJeH] y BCTYII 10 AMCEpTAallii, pO3B’sI3aHHS SIKUX J0CSTaE ii METY, €
aKTyalbHUMU. BukopucTaHHs B poOOTI METOLY CKOPOYEHOTO OMHUCY HEPIBHOBAXKHHUX

ctaHiB boroio6oBa i X TOCIIIKEHHS € JOLUILHUM.
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PO3JILI 2
3ATAJIbHA TEOPIS PEJTAKCAIIIMTHAX MPOLECIB B OKOJII
CTAHJAPTHOT'O T'JIPOAUHAMIYHOTO CTAHY

Ieit po3/1ia IPUCBSIYCHO 3arajbHii Teopii pelaKcaliitHuX MpoIeciB B OKOJI CTa-
HJIApTHOTO TiIPOJMHAMIYHOTO CTaHy CHCTEMH, SIKa OMHCYEThCS KIHCTMUYHUM PIiBHSH-

HAM TUIy bonbimana:

of p of
p n p :| f

ne f, — ®P cucremu Ta | | — inTerpan 3iTkHeHs. sk NPOCTOTH B 1IbOMY pO31ini Oy-

IyTh PO3TISAATUCH OTHOKOMIIOHEHTHI cUcTeMH. Sk Oyzie BUAHO B MOAAIIBIIOMY, X04a
O3S ABOKOMIIOHEHTHUX CUCTEM (HANpUKIad, MOBHICTIO 10HI30BAHOI IJIa3MHU) Mae
JIesiKl 0OCOOJIMBOCTI, TUIH PIBHSAHB Y PI3HUX MOPsAKaX Teopii 30ypeHb JIsi OJTHOKOM-
MMOHEHTHHUX Ta IBOKOMIIOHEHTHUX CHUCTEM 301raroThCsl.

Onuc cTaHAapTHOTO T1APOJAMHAMIYHOIO CTAHY € HIMPOKO BIJIOMHUM Y JIITEPATypi.
Sk Bimomo [51, 10], mapameTpamu CTaHAAPTHOTO TiAPOIUHAMIYHOTO CTAaHY CUCTEMH €

I'YCTHHA YMCJIa YaCTHHOK N, MIBUJAKICTh U, Ta Temrnepatypa T . [lo3Haunmo Habip mux

napameTpiB TakuM 9yruHOM (fami [ICO craHaapTHOTO TipoAMHAMIYHOTO CTaHy OyAeMOo
HYMEpYBaTH TPEIbKUMU 1HJEKCAMH )
E={no, T} & =T, & =v,, & =n. (2.2)

VYnepuie 3anauy nomyky ®OP y cranmapTHOMY T1APOAMHAMIYHOMY CTaH1 pO3TJIsi-
naB 'inpOept [76]. Bin ymepine BBIB MOHSATTS HOPMAajdbHHX PO3B’S3KiB (TOOTO BiH
ynepiie po3riisinyB OP sk dynkuionan Big [ICO) Ta 3anpornoHyBaB IIyKaTH pO3B’ 130K
y BUIJISA1 Teopii 30ypeHs 3a Manumu rpajaientamu. [Ipote ['nbOepTy Bramsocs 3HalTH
JIMIIIe TOJOBHUU MOPAIOK Ii€el Teopii 30ypens. B podoTax Yemmnena Ta Enckora [77],
[10] orpumano ®P y nepiiioMy MOPSIIKY 3a Tpaji€HTaMU Ta PO3TJISHYTO JIUCHUIIATHBHI
npouecy. 3ayBaKUMO, IO 1/1ed BUKOpUCTaHHS MosiHOMIB COHIHA B paMKaxX METOIy
Yemnena—Enckora Hanexuts bapaerty [79]. Boromo6oB y cBoiit podoti [1] 3ampo-

MOHYBaB po3risia Merony Uemnena—EHcKkora Ha ocHOBI 171€i (yHKIIIOHAJIBHOI TiMOTE-
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34, SIKa MIIKPECIIOE, 1110 BUHUKHEHHS «HOPMaJIbHUX» PO3B’SI3KIB — 1€ HE MPOCTO Ma-
TEMATUIHHN «TPIOK», a Pe3yabTaT MPUPOTHOI eBOIItOLIT cucTemu. Sk Bimomo [51], mo-
OynoBaHa Ha OcHOBI Merony YemrneHa—EHCKora Teopis MepeHOCy € B HAIll Jac Haii-
Oimpm po3BuHEHOW. [IpoTe 3amava y3aramepHeHHS MeTony YemHeHa—EHCKOTa muis
OIHCY CHUCTEM Ha eTarax eBOJIOIII, SKi IePeayIOTh T1IPOIMHAMIYHOMY, € AYXKE aKTy-
aJIBHOIO 3aJ]a4er0 TeopeTHyHOoi (izuku [112].

Sk Bimomo [1, 6], kimekicTh IICO 3MeHIIYETHCS 3 TUTMHOM €BOJIIONIT Ta HA TiJIpO-
nuHaMigHOMY etarti maemo [1CO, HaBezeHi B (2.2) Ha kiHeTHUHOMY eTarli €BOJIIOLIIT,
KU Mepeaye TiApOAUHAMIYHOMY, MapaMeTpiB CKOPOUYEHOTO OMUCY MOXKE OyTH O1ib-
1ie, HiXXK IapaMeTpiB CKOPOUYEHOr0 ONMKCY TApOoAMHAMIYHOrO cTany. [lo3Haunmo noxa-

TKOBI [ICO cucremu sk 6, (HymepyBaTu J0JaTKOBI apaMeTpu OyAeMO JJaTUHChKUMU

iHaekcaMu). BoHM Ha TiapoauHaMivHOMY eTarrl €BOJIFOIIT ITOBHICTIO 3a/Ial0ThCs Mapa-

merpamu &, . [Io10 KiHETHYHOTO eTaIly, TO TI03HAYMUMO X BiIXHIJICHHS BIJl CBOIX CTaH-

JapTHUX TAPOJAUHAMIYHUX 3HAYECHb SIK @),

6=0+8"(¢). (2.3)

bynemo po3rimsigaTé KIHETUYHHEN €Tall €BOJIOLII OUIS HOro 3aBeplieHHS, TOOTO

BIIXUJIEHHS ¢, Oy/Z€eMO BBa)KaTH MaJIUMHU.

VY neskux BUMAAKaX, SIK1 JOCUTDH MIUPOKO 3yCTPIUAIOTHCS, € CTAHAAPTHI MPOIEY-
pu BuOopy IICO. Tak, B axocti IICO cTanAapTHOTO rigpOJUHAMIYHOTO CTaHy 3aBXK]1
BUOMparOThCs mapameTpH (2.2);, y BUMAAKY, KOJIHM TaMiJIbTOHIaH CHCTEMH € CYMOIO T'0-
JIOBHOI YaCTUHHU Ta MOMpPAaBKH JI0 HEl B JIEAKIN Teopli 30ypeHb, BUKOPUCTOBYIOTh MO-
nenb Ierermincbkoro—Snenka [9], ne [ICO MaroTh 3a0BOJLHATH JEIKHM KOMYTa-
IIIMHUM CITIBBIIHOIIIEHHSIM. Hampukian, Taka curyallis Mae Miciie Ipu mooyaosi ¢iry-
KTYalllOHHOT €JIEKTPOAMHAMIKH KJIACHYHOI'O €JIEKTPOMArHiTHOTO IMOJs B PIBHOBAXHO-
My cepenosuii [169], npu mocimKkeHHI KIHETUKH €JISKTPOMArHiTHOTO IMOJIs B PIBHO-
BaxkHii trasmi  [170], npu pocmimkenni moxaeni Jikke [171-173] Ta B 6arathox iH-
X BHUIAIKaX.

OpHak 3ayBaKUMO, 110 3arajibHOTO «penenty» Budopy IICO cucremu He icHYe

Ta I KO>XKHOI cucteMu okpemo Hadip [ICO «BUKpUCTaNI30BYETHCA» B XO/1 ii €KCIie-
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PUMEHTAJILHOTO Ta TeopeTudHoro pociimpkenna. O3nauenns [ICO B Tepminax OP ta-

Ki:

ns'[d3pf ;ﬂanmnEst pp, f g=§nT+—;mmzsjd3psp £,

p 1
pz
— 3 —
szd pgip fp’8p=2_m’ (2.4)
1€ 7, — F'yCTUHA IMIYJIbCYy CUCTEMH, & — I'yCTUHA €HEprii CUCTEMU Ta Qip — MIKpPOCKO-

MiYH1 3HAYCHHA NTapaMeTpiB 6, .
Mu maeMo /1Ba Maji mapamMeTpu — MaJIMi apaMeTp ., AKUH ONUCYeE BIAXUIIEHHS

nonatkoBux [1CO Bix iX cTaHAAPTHUX T1IPOIMHAMIYHUX 3HAYEHb, TA MAIHUI apaMeTp
g, SIKAW OTIMCYE TPAJIIEHTH:

asga - NS as¢l S

pm O, OX, 0%, J 0, 0%, OX, i

(2.5)

[lepmmii 3 JBOX HAaBEJEHUX HUKYE MMIJIPO3ALIIB MPUCBSIYECHO MOOYI0OBI PIBHSHB
g yactuH OP y pi3HuX nopsakax Teopii 30ypeHb 3a 4 Ta §, ApYyruil — 3aCTOCYBaH-
HIO OTPUMaHUX Pe3yJIbTaTiB J0 TPUHAAUATAMOMEHTHOI 3a1au4i ['pena [5]. VY wiit pobo-
Ti MOKa3aHo, 0 BijoMi pe3ynbTaTh ['pena [5] € HabmkeHHsIM ogHOro mosinoma Co-
HIHA MpU PO3B’sA3aHHI MPOCTOPOBO-OJAHOPIAHOTO KIHETUYHOIO PIBHSIHHS Ta IO y Ha-
OJIM>KeHH1 ORI BUCOKOTO YHMCJIa MOJIHOMIB MOYKHA OTPUMATH IOIIPABKHU 0 IIUX pe-

3yJIbTATIB.

2.1. IloOynoBa 3arajibHOI Teopii 30ypeHb 3a MaJMMU J0JATKOBUMH NapaMeTpaMu
Ta MAJMMHU I'PaJi€cHTaMH
Le# migpo3ain npucBsidyeHo moOyaoBi piBHSAHB A yacTuH OP y Teopii 30ypeHb

3a g Ta § B 3araJlbHOMY BUIAAKy. Po3risag 6azyerbes Ha 171€1 QyHKIIOHAIBHOI T'1I10-

te3u boromroOoBa:

o0 —= (%6 0(t)), E={&}, o={n], (2.6)
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ne 7, — JeSKUI XapaKTepHUll 4ac, sIKUM MOXe 3aJIe’KaTH BiJ IOYATKOBOI'O CTAHY CHC-

TEMH, TIPOTE 3a3BUYAM OIIHIOETHCS SK 4ac 3iTKHeHHA. Ha ocHoBi (2.6) mepenmmemo

KIHETUYHE piBHﬂHHﬂ (2.1):

> x° (5)@ (x60)+ [ %2 é)w)l_‘(x',f,(p)+

of, (X, &,
+%_Jé:flﬂ4f@g¢», @.7)

ne M, ta L, —gacosi noxiaui Bij [1CO, siBHI BUpa3u A SIKMX MOXXKHA OTPUMAaTH Ha

ocHOBI piBHSIHHS (2.1) Ta o3HadyeHb (2.4) (iHIEKC O 3BEpXy BEIMYMHHU O3HAYAE, IO

BOHA B35Ta B CHCTeMi Bijutiky v, = 0):

Lo oM, (x60), D=L (xE0).
or  2(dq, .,0y
M,(X,&,0)=—0,— ——| — — |,
o(X§¢) n@Xn 3n[5‘)(n+ nléxn\]
1 ot ov ony
M £, _ nl n1 M £, :__|1
2 (X.8.0) oy Y o +(%..9) o
X, , 0
Ll (X g % Zjd X 5@3(()5:)) Ma(x '§7¢)_&jd3pﬂap fp(X’§ ’¢)+
(2.8)
+[d* P, 1, (F(x&00).
VY Bupaszax ;g M, BUKOPHCTaHI IOTOKH IMITYJIbCY Ta €HEPTIi
b —stp 2 (%E.0), Id3 o(%S.0). (2.9)

Taxoxx npu BUBOJI BUpa3iB it M, BUKOpPHCTaHO Taki BJIACTHBOCTI 1HTErpajy

31TKHEHb, 1110 BIATIOBIAI0Th 3aKOHAM 30€pEeKESHHS:
[d®p1,(f)=0, [d®pn1,(f)=0, [d*ps,1,(f)=0. (2.10)
Sk Bimomo, MeTa MeToIy ckopodeHoro onucy boromo6osa — 3naiitu OP Ta ya-

coBi piBasHHA a5 [ICO. V npoMy migpo3aim 1l BEIMYMHA BU3HAYAIOTHCS B TEOPIi
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30ypeHb 3a 4 Ta (. Y mojanplioMy OyQyTh BUKOPUCTAaHI Taki BU3HAUEHHS IJIs IO-
pSAKIB Teopii 30ypeHb

umn — 4mg", (2.12)
ne U — noBijbHA BENMYMHA, SIKA PO3TISAAETHCSA B Teopii. JlomaTkoBUMU yMOBaMHU 0

KiHeTUYHOTO piBHAHHSA (2.7) € o3Hadyenns (2.4). Ha ocHoBi (2.8) MoxkHa 1moka3aTH, 1110

MAarOTh MICIE€ TaKl CITIBBIIHOIICHHS:

vn>=0 M™ =0, L% =0. (2.12)
O4eBHUIHO, 10 TOJIOBHUHN MOPAIOK Teopii 30ypens ansa OP — ne makcBeniBcbka
P
n (p—m)’
féop) =Wps W, = 37 €XP — (213
(27zmT) 2mT

BoHa 3a710BONbHSAE 10JaTKOBUM yMoBaM (2.4), i piBusuus (2.7)y nopsiaxy x°g°
€ TOTOXXHICTIO, 00 MAIOTh MICIIE€ TaKl CITIBBIJHOIICHHS:
M9 =0, °?9=0, Ip(f (O’O)):O. (2.14)
OyHKIIT pO3NOLTY B PI3HUX MOPSAKAX TeOpii 30ypeHb MIYKAEMO Y BUTIISII

01 _ (1.0) _
fp _W( ppn Brhnlp j ’ fp _szaip(pi’

p—p-m

, 0P 0%
f1§2’0) :szbii'p¢i¢i’ ’ fél ) :Wplzcinp& + Zdhnp{pi@T} ' (2.19)

3ayBaXUMO, 10 KOHKPETHHUW BUIJISAL (PYHKLINA féo’l) € BIAOMHM 3 JOCTIIKECHb

CTaHIapTHOTO rifpoauHamivHoro crany [10, 113] BoHM HEe MICTATH Tpajli€HTa I'yCTH-
HU Ta JeNbTa-4aCTUHU MPHU TPATIEHTI IIBUIKOCTI (3ayBa’KUMO, 10 Y BUIMAJIKY TBOKOM-
MIOHEHTHUX CHUCTEM 3 SIBJIIETHCS 3aJI€KHICTh B1Jl rpajieHTy ryctunm). [llogo pesynpra-
TiB it M, To MaeMo Ha ocHOBI (2.8):

dar 20y, (0.1) 1_on 10T ov

MPY =—p, T—, MY =-—T—-=——p,
8@ 3 OX, mn o0x Mox
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n 1

M§°'1’=—anu' MO _ n(qu(on +t°(0’1)%j, M(O,Z):_iétrcﬁ(o’l)

aXI ’ 0 8)% nl a)q mn axl
M - 2 oot | oo LT an g, 2.16
3n|  0x, oX, mn ax (2.16)
M @2 aqo(ll) +tr<])|(1,1)% ’ Mr(]1,2):_iat0(ll) MY — Q.
3 OX, OX, mn 0x

Pesynbrat 111 M Y ta M ®? e Binomumu pesynbratamm crammapTHOI Tiapo-
muHamiku [10, 113]; ssuuit Bupas pesynsratis gas M &Y ta M & moxna otpumaru
Ha OCHOBI (2.9) npu KOHKpeTHHX TapameTpax &, . Sk 6aummo, mob orpumaru M, y

IpYyroMy MOPSAKY 3a rpagieHTamu, TpeOa 3HaTu jauiie BianoBigHy ®P nepmoro mo-
PAIIKY 3a TpaJllEHTaMHU.
Sk mpu po3riIAal CTaHJAPTHOI TAPOJUHAMIKH, TaK 1 MPU PO3TISAl KIHETUYHOTO

eTany €BOJIOLIl HaM 3HaJ00UThCS JIIHEAPU30BAaHUM 1HTErpaIbHUI ONepaTop 31TKHEHB

A

K, sikmif 3a)1a€ThCS CTAHTAPTHUM O3HAYCHHSIM

A ol
Kng,[dsprﬁgﬁ’ WprﬁE_M oV Mpp’E5fp' : (217)

Pifow

Ha ocHoOBI 115010 orepaTopa BBOJSATHCS IHTETPANIbHI 1YKKU:

{9,.n,j=[ o pdf Bug K, g, (218)
K1 MarOTh TaKl BIaCTUBOCTI:
{g,.h}={h, g} {9,.9,020, {g,.0,} =05 g,=1p ¢, (2.19)
Yacosi noxigHi L, HyIbBOro nopsaky 3a rpajieHTaMy IIyKAEMO Yy BUTJISIL
Lo =2 g L ——Z Vi @R (2.20

Ha ocHoBi piBHsiHHS (2.7) Ta 0ogaTKOBUX YMOB (2.4) MaeMo:

e ={p 3,0 i = {0 by} + 5[ P B By, K, 3 e
(2.22)
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()

W =
o
S0,

w_K =-M op WV

p'tppd p?

—>W
loxo piBusHE A1t OP y mpocTOpoBO-0AHOPITHOMY BHIIAIKY, TO MAEMO TaKl pi-

BHAHHA 3 1O0AATKOBUMH YMOBAMM:

Kaip:Z:a’pluii” <a1p’§ap>zo’ <Qp70i'p>:5ii”
Sop = $np= P Sap=1.(0,)=[d*pw g,
Kbiﬁ"p :Zeﬁpviii""'Z(l?plLﬁ""' pﬁﬁi{')_%j ¢ pd pKy- @ i

<h’i”p’é’ap> = O’ <h’|"p ’Hi >: 0.

Sk 6aunmo 3 (2.22), xinetnune pisHsAHHEA (2.7)y nopsaky u'g° € piBHIHHAM Ha

(2.22)

BJacH1 (PyHKIIIi Ta BJIACHI 3HAYEHHS JIIHEAPU30BAHOTO OINepaTopa 31TKHEHb. 3 UM 3a-
raJlbHUM (akToM J00pe y3rouKyroThes piBHsAHHS (3.28). [TokaxkeMo, 10 BiIXHMIICHHS

¢, € JIIHINHUMU KOMOIHAIlIsIMM KIHETUYHUX MOJI CUCTEMH Ta Ma€ MICIIe peiaKcallisi Cu-
CTEMH J0 CTaHJAPTHOTO TiAPOJAMHAMIYHOTO CTaHy, TOOTO ¢, 3racaroTh 13 yacom. BBe-
JIeMO IIpaBl Ta JIiB1 BIacH1 (PyHKLIT MaTpuii 4, (1Bl BIacH1 QyHKII1, B3arail KaXy4dH,

HE € TPAHCIIOHOBAHUMU MIPABUMHU, 00 MaTpULs L, HE 000B’SI3KOBO € EPMITOBOIO)
Zﬂii'q'a = aqa’ Z¢ia%i’ :ﬂ’aﬁ'a' (223)

VY MaTtpu4HOMY BUIJISAAI NpaBl BJIACHI (PYHKIII U, € CTOBNLSAMH, a JiBl ¢, — psl-
Kamu. ['penpkuil 1HAEKC HyMepye BIacHI (DYHKI[li Ta 3HAUYEHHs, JATUHCHKI 1HIEKCH €

MaTpUYHUMHU. YMoBH HOPMYBaHH: Ta IIOBHOTH MAarOTb BUTJIA:

2 ble =0 2Bl =6 (2.24)
Ha ocHOBI1 IMX BIaCTUBOCTEN MacMO
(Di :Z¢auia ! ¢a EZ%&% ' (225)

Toni 3 (2.20) a (2.21) BuruinBae
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%LA . +0(42, "), (2.26)

— A1t .
TOOTO BEJIMYMHA (), 3raca€ 3a YaCOBUM 3aKOHOM € “ — BOHA € KiHETHYHOIO MOJIOIO
cucteMu. Sk 6aunmo (2.25), BIZXWICHHS ¢, € THIHHAMA KOMOIHAIISIMU KIHETHIHHUX
MOJ @, . 3aJIMIINIOCHh JOBECTH, 1II0 MU A1HCHO MaeMo 3racaHHs, To6to A, > 0. Ha oc-

HOBI (2.22) Mmaemo
it {806l ()0
=28 U O =200, (227)

3 nepiroro piBHIAHHS B (2.27) OTpUMaEMO

{aap’a&p}:la_[ < p\%( gp)z' (2.28)
OueBuaHO, 110 iHTErpan y mpasid 4yactuHi (2.28) € momatHum. JliBa yacTuHa
(2.28) € monmatHorO 3rijgHO 3 BaacTHBocTAMHU (2.19). Toxi 0YeBUIHO, IO BUKOHYETHCS
HEepiBHICTb A, >0, TOX N1ICHO MaEMO MPOCTOPOBO-OJAHOPINHY peJaKcalilo 10 CTaH-
JapTHOTO TiPOANHAMIYHOTO CTaHy CHCTEMHU.
Ha ocHoBi kiHeTHuHOTO piBHSHHS (2.7) Ta momaTkoBuXx ymoB (2.4) 3 ypaxyBaH-

HSIM BHILEOTPUMAHUX PE3yJIbTATIB MOKHA MOKAa3aTH, IO YaCOBI PIBHSHHS ISl BIAXH-

JICHb ¢; B IOPAAKY ,ulgl MAarOThb BUIJIA

LD = _ZM (11)8<0

T 2 [d o, 6,29 [d d 0, My, 1,2+

+[d®pd® g g6, My, 15O £ (229

Ha ocHoBi kiHeTH4YHOTO piBHSHHSA (2.7), moaaTkoBUX yMOB (2.4) Ta pe3ysbTaTiB

s gacoBux piBHsAHB (2.16), (2.20), (2.21), (229) moxHa OTpUMATH TaKy CTPYKTYPY

piBHsaHb 113 OP y nopsaaky u'gh:

o = 2 Cinptt + 2,8y {0, G + Sin:

I{diomp = Zdi’anplui’i + Z ar’p {Qp qanp} + gianp (230)
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€ Gy TA Gipnp — JYHKE TPOMIBJIKI, TIPOTE BiIOMI QYHKUIT (TOOTO &\, HE MICTUTH C

Ta G, HE MiCTUTEH d

ianp )» TIPH LIBOMY G, 3QJIEKUTh BiX G . Cami QyHKUil ¢, Ta

Gignp YEPE3 CBOIO HAJIMIPHY TPOMI3IKICTh TYT HE BUMKCAHI. 3ayBa)UMO, 10, AK Oyne
BUJTHO B MOJAJIBIIOMY, TaKy CaMy CTPYKTYpPY PIBHSIHb MU MaTHMEMO TIPHU PO3TIISII TO-

. . . . 1.1 . . .
BHICTIO 10H130BAaHO1 IIJIa3MH B IIOPAOKY U g-. OTpI/IMaHO TaKl 10OaTKOB1 YMOBH 1O P1-

BHsHB (2.30):
<é’ﬂpcinp>:0’ <9ipcmp>:0’ <§ﬂpginp>=0,

(CuoGurp) =0 (B} =0, {£,Gung) =0. (2:31)

JIns mojaneioro oTpuManHs yacoBux piBHsIHb 1ig [ICO ta ®P HeoOXxigHa KOH-
KpeTHu3alis JOJaTKOBUX MapaMeTpiB & Ta sIBHOTO BUIJIAAY IHTErpaiy 3iTKHEeHb. Ha-
CTYNMHHMM miApo3ain Oyae nmpucBsueHo moaudikarii 3agaui I'pega Ha ocHOBI MOOyM0-

BaHOI TYT TEOPIi.

2.2. 3acTocyBaHHA 3arajibHOI Teopii 10 moaudikoBanoi 3agayi ['pena

Lel miapo3Ain MPUCBSYEHO 3aCTOCYBAaHHIO 3arajibHOi TEOpii, sIka PO3BUHYTa B
HOIMepPeaHpOMY Miapo3aim, 10 moaudikoBaHoi 3amayi ['pena [5]. Sk Bimomo, B TprHa-
TIITAMOMEHTHOMY HaOMmKeHHI ['pena cucrtemMa onmmucyeThesl CTAaHAAPTHUMU T1IPOIH-

HaMiYHAMH [TapaMeTPaMH, a TAKOX IMOTOKOM €Heprii g, Ta 6e3CiIiI0BUM MOTOKOM iM-

MyJIbCY 777, B3ATUMU B CYITyTHIM CHCTEMI BiIUTIKY:

nl?
jd?’ I R jo|3ph‘“'p e (2.32)

Ha ocHoBi kiHeTHyHOTO piBHSIHHA (2.1) MOKHA OTPHMATH TaKi 4acOBi PiBHSHHS

JUTSI TIOTOKIB:

aq, 8qn, o onT 8nT 5Tox, o, 1onm,

— =R - —| Tt 4 -+ nl N
mn 2 0X% 2m OX mno X
oq, ,0u, 5 ,0v, ov,

O — ~Taim Al
OX ox 3 0X OX,,
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m’®nl n

nmaxm+7[ml ox _§ nlﬂ-msax

o7y R Oy OV, _(7[0 oy, L,0u, 2. , ausj_

m

(2 22 dv)
ox, 0% 3 = OX,
S[epMer (), R=[dpPea i (f
erl_j p?pﬂm( )’ R1_J pmgp p+nv( )’
1 1 (2.33)
T al,m :F‘[dg ppn hﬂ( p) 1:p+m;’ qnl :Fjdg p‘gp p1 p 1:p+m)'
3 piBHsHb (2.33) maemo

05q 050y SmyonT 5T aomy 1 ., 00wy 004y

=0R, nl Y
ot 0%, mn ox 2m ox  mn 0X 0 X
oh 0
N 1 o0 on,., N 1 2 oor,, —5qf%—§5q°80” _5ﬂnlm%1
mn 0x, mn 0X, ox 3 0 X TOX,
0o aé‘ (o]
o0or, SR, - Tom  OULOT, 57[r?m%+5ﬂr?1l ov, —25n|57f;saus |
ot OX, OX.,, OX, oX, 3 OX,,

oh

o0, =q, - q", onn=rm, —7Z'r?|h, 5q, =0, — d:l,
57[n|,m:7z-nl,m_7z.zl,m’ 5Rn = Rw - R:a 5Rn| = R\I - m (234)

JJ1st IpOCTOTH PO3TIITHEMO MTPOCTOPOBO-OAHOPIAHUM BUTIAJOK. Y I[bOMY BUITAJIKY
piBHsHHSA (2.34) HaOyayTh BUTIISAY:
ooq;
ot

OP nrykaemo y BUTIISIL:

=R, %’:f?' =R, (2.35)

fD :W% (1+ anpé‘q(r)l + anlpé‘ﬂ-cr)ml)

2
+ , g).
o T A ) (2.36)
JAns ¢ynxuii @, ta b, 3rigHO 3 MipKyBaHHAMH OOEPTANBHOI 1HBAPIAHTHOCTI

Ma€EMO:

a'np = pnap’ ar|Ip = l"ﬂpbp' (237)
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a,, He Mae J -4acTuHM, 60 Oz, € O6e3CiI0BUM, a 3ropTka 6e3CIiI0BOro TeH30pa

3 cumBoJIoM Kponekepa € HynboBo1o. Ha octoBi (2.33)—(2.35) MokHaA OTpUMAaTH TaKi
4acoBi piBHAHHA B mopsiaky £ 9°:
06Q, oors
D _ g, L) snd,
ot ot

1 o 1 0 2.38
ﬂq ::E;;i{gpljn’ap ph} J 2% zzggﬁ%{ P, B> hﬂpt%} . ( )

VY nopansmioMy OyAeMO BHUKOPUCTOBYBATH I MPOCTOTH CUCTEMY BIIUTIKY

. 1 0 .

v, =0 Ta He nucaTyu 1HAEKC O Haj BennuuHOw. /st @P y nopsiaky 4 g  MaeMoO Takli
PIBHSIHHS Ta JI0JaTKOBl YMOBH:

Ka, p,=4,P,a,, Kb h =2 N

p’nip

2 \_3 /2 \_15
(£,a,)=0, (sh2,)=7, (e2b,)= g (2.39)

Bupasu s 4,, 4, 3 (2.38) He € HeoOXinuumu Juis po3B’s3anns piBHsHb (2.39),
TOMy IO iX BUKOHAHHs 3a0€3IeuyeThesl N0AaTKOBUMHU ymMoBamu. Dyukuii a, ta by

IIYKa€EMO y BUIJISIII PO3BUHEHHS 3a nojiiHoMaMu COHIHA:
% =2083§2(ﬁ8p), b, :ZObSSjZ(Ing), (2.40)
S> S>

JlonatkoBi ymoBH (2.39) HakIagar0Th Taki 0OMEKEHHS Ha KOSQIIIEHTH TPHU T10-

JITHOMAX:

2

a, -0, a-- bo_ (2.41)

2mn’

InrerpanbHi piBHsHHSA (2.39) MalOTh TaKMi MATPUIHUN BUTIISII:

:E:/xséé::’iaés’ :E:E%s6$::‘2n69
s>1 s>0

A ={p.S¥*(Be ). 0.87(Be ) ( xx)”

~ 2 g 2 5
= = :—r —_—
a=ax’ A,=2mnTi, X N (s+ 2),
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{hn|p85/ (B ). o S2(Be F)}( yy) (2.42)

S 2 by _§ 2 _ 2 Z
b, = b y?, /1,,_3nsz/1,r, ys——\/;S!F(SJij-

Ha ocrogi (2.41) ta (2.42) B HaOJMKEHHSX OJHOTO Ta JABOX MOJIIHOMIB MaeMO:

all = %2] 0, aE] d2=a H=H1=h

~ A [L\EM
e

+{ Do P

/1(51] -2 {gppn’gppn}’ A =

15nmT° 10n(mT)
A = L {( A+ A,,) - \/(An_A 22) +4A 212} ,
4 AmnT

(2.43)

3 2
29 16ﬁ Zn(( By, + By) —y/(Boo— By’ + 48210)

Jie THIEKC [n] O3Hayae, [0 BEJIMYMHA B35Ta B HAOIMKEHHI N ITOJIHOMIB.

Sk 6aunmo, pe3ysbTaTh HAOIMKEHHSI OJHOTO MOJIHOMA 301ratoThCs 3 pe3yJbTa-
tamu poboTH [5] Ta ®P y 1mpoMy HaOJMKEHHI MOBHICTIO 3a7a€ThCS JOJATKOBUMHU

yMOBaMH. 3ayBaXMMO, 110 HE Juiie ais 3aaa4di ['pena OP y HabnmxeHH1 OJTHOTO TO-
. . 1
JIIHOMA TIOBHICTIO 33/1al0ThCA JI0JaTKOBUMHU YMOBaMU B MOPSIIKY A g0 — TaKa CHUTya-

114 3yCTpidyaeTbes B Oaratbox 3amavax (izuku. Hampukiaa, BoHA 3yCTPIYAEThCS B Te-
opii asmu (AuB. po3aia 3) Ta B Teopii nosipona [8]. 3naiiaeHi ®P ta yacu penakca-
11i MOTOKIB y HAOJM)KEHHI JBOX IMOJIHOMIB € MOMPAaBKaMU A0 BIIOMHUX PE3YJbTaTiB
I'pena.

Hamnpukisili ckakemo mapy CiiB Mpo pe3yJIbTaTh JJIs YaciB pesiakcarlii MOTOKiB Yy
HaOJIMKEeHHI oHOoTro moiHoMa. Sk Bigomo [113, 10], y HaOImKeHH] 0JTHOTO MOJIiHOMA
CTaHJapTHA TiApOJUHAMIKA JAa€ TaKl PE3yJbTaTH IS B’SI3KOCTI Ta TEIUIOMPOBIIHOCTI
CUCTEMHU:

g 10n’n?Te m_ 75 n°T?
K 2 > , (244
{hnlp’hnlp} {pnag/ (ﬂg ) p1§ ('ng)}
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3BIIKHU

[ _ —
ARt R (2:45)

STk Bizomo [10], 7™ ta & moB’s3aHi Mixk coGox0 SIK
15M
o1 (2.46)
4m
3BiIKM Ha OCHOBI (2.45) MOKHA OTpUMAaTH TaKe CITIBBIAHOIICHHS MK YacaMd pejiak-

callii MoToKiB y HaOJIM)KEHH1 OJTHOTO TOJIIHOMA:

P :%z}}l. (2.47)

BucHoBkH 10 po3ainy 2

[TobynoBano y3aranbHeHHS MeToly Uemnena—EHCKora 3 ypaxyBaHHSIM peiakx-
cauiiHux mpoueciB. Ilig TepMiHOM «pernakcauis» po3yMIEThCS MPOLEC, SIKUM MOXKeE
MaTH MiClIe B MPOCTOPOBO-OAHOPIAHIN cucTemi. [ToOyaoBaHe B poOOTI y3araibHEHHS
0a3yeThcs Ha 171 PyHKIIOHANBHOI rinote3u boromtobosa. 1le y3araibHeHHS J103BOJISIE
OMHCAaTH CTaHU CHUCTEMU, IO 3HAXOMATHCS B OKOJ1 CTAaHJAPTHOTO TiIPOJUHAMIYHOTO
ctany. B sikocTi mapaMeTpiB CKOPOUYEHOTO OINKCY CUCTEMU BHUKOPHCTOBYIOTHCS Tapa-
METPU CKOPOUYEHOI'O OIMHUCY CTAaHAAPTHOIO T1IPOJMHAMIYHOIO CTaHY Ta BIAXHWJICHHS
JIOJIATKOBUX IMapaMeTpiB, IO ONMUCYIOTh CTaH CUCTEMH, Bij iX CTaHAAPTHUX T1IPOIH-
HaMIYHUX 3Ha4€Hb. PO3rIsal0ThCsl CTAHU CUCTEMH, K1 OJIM3bKI 0 CTaHJAPTHOTO T'i-
JIPOJIMHAMIYHOTO CTaHy, TOOTO 11l BIIXUJIEHHS BBaXalOThCS MaIUMU. Takuil po3risig
JI03BOJISIE 3aCTOCYBAaTU KIHETHKY TMOBUIBHUX 3MIHHUX. Bynyerbest Teopis 30ypeHb 3a
BHINIE3a3HAYCHUMH MAJIMMH BiIXWICHHAMH Ta MajJUMHU TpamieHTamu. JloCimKeHO
CTPYKTYPY PIBHSIHB i GYHKITIT PO3MOLTY Ta YACOBUX PIBHSHB IS TApaMETPIB CKO-
POUYCHOTO OMUCY CUCTEMU B PI3HUX MOPSAIKAX TEOpii 30ypeHb. 30Kpema, MoKa3aHo, 110
B paMKax JIHIAHOI 32 BIAXWJIEHHSMH MPOCTOPOBO-OJHOPIIHOI 3a/1ayl PIBHAHHS s
GyHKITIT pO3MOITY € pIBHSIHHAM Ha BJIAcHI (QYHKITIT Ta BIACHI 3HAYCHHS JTiHEapH30Ba-

HOTO omepaTopa 3iTKHEeHb. [loka3aHo, 1110 caMi BIAXWJICHHS € JIIHIMHUMHA KOMO1HAIis-
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MU KIHETUYHUX MOJ raszy. Po3po0iieHe y3araqibHEHHS MOKE BXKUBATUCH TSI OIUCY pe-
JaKkcanii pi3HOMaHITHUX KJIACHYHMX CHCTEM JO IX CTaHAAapTHOIO T1IPOJAMHAMIYHOTO
cTaHy Oi/1s 3aBepIIeHHS IpoIleciB penakcallii. Ha BiAMiHY BiJ BiTOMHUX METOMIB JOC-
JKEHHSI HEPIBHOBXKHUX CUCTEM (HaINpHKiIaa, MeTony 3ybapeBa), pO3BUHEHHM Y 11K
po0OOTI METOJT € BIIHOCHO MTPOCTUM: BiH HE OTpeOye CKIIaIHOT ONIepaTOPHOI TEXHIKHU.
3anaua ['pesa, B siKiil cucTeMa OMHUCYEThCS MapaMeTpaMu CKOPOUYEHO OIUCY CTa-
HIAPTHOTO TiIPOIMHAMIYHOTO CTaHy, a TAKOK MOTOKOM €Heprii Ta 0€3CIiJOBUM TTOTO-
KOM IMITYJIbCY, JOCIIJIPKEHA HA OCHOBI y3arajJbHEHHOIO B JMcepTalii Mmeroxy Yenme-
Ha—EHckora. {7 mpocTOTH pO3IIISIHYTO JIMINE MPOCTOPOBO-OJHOPIIHHIA BUIAIOK.
Otpumano (yHKIIIO0 pO3NOALTY Ta Yacu penakcaiii notokis. [lokazaHo, mjo B HaOIH-
*eHH1 ofHOoro noiHoMa CoHiHa pe3ynbTaTH Uil (PYHKIIT po3MOALTY Ta JIJIs 4aciB pe-
JlaKcalli MoTOKIB 301raloThCs 3 BIIOMUMH pe3yibTraramu ['pena ta GyHKIIS po3noaity
MOBHICTIO 33JIa€ThCA JI0JaTKOBUMH yMOBaMH. TaKoK OTPUMAHO MOMPABKU 10 PE3YJib-
TaTiB JUIsl GYHKIIIT PO3MOALTY Ta YaciB pesakcallii MOTOKIB y HaOIMKEHH1 JABOX MOJIi-
HOMIB. OTprMaH1 pe3yJbTaTH € 3arajlbHUMHU: NPU BUBOI LIUX PE3YJIbTATIB SIBHUW BU-
U] IHTErpay 31TKHEHb HEe KOHKPETU3YeThCs. [ KOXKHOI OKpEeMOi CUCTEMHU MOKHA
oTpUMaTH (PYHKIIIO PO3MOJLTY Ta YacH pejiakcailii MOTOKIB HA OCHOBI OTPUMAHUX Y

poOOTI pe3ybTaTIB, KO0 KOHKPETU3yBaTH 1HTErPajl 3ITKHEHb.

Pesynbratu po3niny 2 ony0iikoBaHo y podotax [14, 22, 37, 39, 40, 42, 44].
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PO3JILI 3
MOIIYK ®YHKIII PO3MOJILTY TA IIBUIKOCTEN PEJAKCAII|
B MIPOCTOPOBO-OJIHOPIJTHOMY BUIIAJKY

Le¥ po3aia NPUCBAYEHO JOCIIKEHHIO MPOCTOPOBO-OTHOPITHOTO CTaHy IJIa3MHU.
VY upoMy po3auii OTpUMYIOThCS (DYHKIIIT pO3MOIUTY Ta MIBUIKOCTI pejakcarllii Ha oc-
HOBI i€l y3aranpHeHHs MeTony Uenmena—EHcKkora, po3BUHYTOI B TONEPETHHOMY PO-
3J11IT1.

Brnepie 3amady pemakcariii B TOBHICTIO 10HI30BaHIN OJHOPIAHIN TUTa3Mi pO3TIIs-
naB Jlanmay B cBOil Bimomii ctaTTi [4]. Y 1ili cTaTTi BiH OTPHMaB BiJIoME KiHCTHYHE
piBHsHHS JlaHAay, a TakokK pO3IJIAHYB 3ajaduy TEMIEpaTypHOi pellakcailii Ha OCHOBI
HaOJIMXKEHHS, 10 (QYHKIT PO3MOIIITY € MaKCBEIIBCHKUMH 3 3aJIEKHOIO BiJl YaCy TEM-
neparyporo KoMrnoHeHT. Hum Oyno oTpuMaHO MIBUAKICTH pejiakcallii TeMrnepaTrypu B

OCHOBHOMY TIOPAJIKY 32 MaJIUM MapaMeTpoOM o

o=Jm/m, (3.1)

ae m, Ta M — Maca eneKTpoHiB Ta ioHiB BimnosigHo. [li3nime Cmitnep [123] otpu-

MaB MOMNPABKY A0 IIbOIO pe3yibTaTy B OUIBLI BUCOKHMX IMOpsIKax 3a o . Penakcaris
MIBUJIKOCTI OyJia po3risiHyTa B KHU31 [55] Ha OCHOBI HaOJIMKEHHS JIOKAJILHOI PIBHOBA-
i (HJIP), ToO0TO HaOMMKEHHS, IO IPOCTOPOBO-OIHOPIAHI (PYHKINT PO3MOALITY KOM-
MOHEHT € MAKCBEIIIBCHbKUMHU 3 3aJICKHUMH BiJl 4acy TeMIepaTypaMu Ta IIBHIKOCTIMHU
KOMITOHEHT. HaGmkeHHsI TOKaJIbHOI pIBHOBAru MIMPOKO BUKOPUCTOBYETHCS B JIITEpa-
Typi y i3ulli wia3mMu ta He e y Gi3uii mia3Mu (IuB., Hanpukian, [124, 115 126,
131])).

[Ipote gocuTh akTyabHOIO MPOOJIEMOIO € TIpodJIeMa MOPYIIEHHS JIOKAJIBHOI PiB-
HOBaru (muB., Hanpukiam, [2, 8, 134]). Tomy ayxe Ba)xJIMBOIO 3a7a4cio € Oe3mocepe-
nHe obOuucneHHss ®PK Ha ocHOBI KiHeTHMYHOTO piBHSHHS JlaHgay B MpoOCTOpPOBO-
onnopigaomy Bumnanky. ®PK ta gacosi piBusiuus mist [ICO oTpumaHi Ha OCHOBI KiHe-
TUYHOTO PiBHSHHA JlaH#ay B pamkax JIHIMHOI Ta KBaJpaTUYHOI Teopii penakcarii,ta

pe3ynbTaTH mopiBHSHI 3 pe3ynbratamu HJIP.
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3.1. ba3oBi piBHsIHHS Teopil

Y mii  guceptamiiiHii  po6oti DPPK moOBHICTIO 10HI30BaHOI MPOCTOPOBO-
OJTHOPiIHOI JABOKOMIIOHEHTHOI €JIEKTPOH-IOHHOI IIa3MHU JOCHIKYIOThCS Ha OCHOBI
KIHETUYHOTO piBHAHHS JlaHay

N
- =1,(f), (3.2)

ne f,,— ®P a-ixommonentu (a= g i) Ta |, — inTerpan sitknens Jlanmay [4]:
of of /
1 (f )ZZﬂGiLzeiij(‘Pﬁ fom2-f —@ip | P P
= op, O g: ! mm
an(u):(u25nk - unl-k)/ u. (3.3)

3aYBa)KI/IMO, IO 49aCTO INIa3MYy PO3IIAAal0OTh Ha OCHOBI KIHETHUYHOTO piBH}IHHH

Jlannay—BmacoBa i3 camoy3romkenum wieHom [147, 146] IIpore B mpocTOpoBo-
OJIHOPITHOMY BHITQJIKy CaMOY3TO/DKCHUH WICH BIACYTHIM. BiibIn TOro, sk BigOMO
[147], camoy3rokeHHl WieH He BIUIMBA€ Ha KIHCTHYHI KOC(DILI€EHTH CUCTEMHU, TOMY
riAPOANHAMIKY IJIa3MHU OyJIyIOTh Ha OCHOBI1 KIHETUYHOIO piBHSHHSA JlaHnay 6e3 camo-
y3TOJKEHOTO WiieHa, auB. [124, 83].

TemmnepaTypu, MIBUAKOCTI Ta TYCTUHU YHCIA YACTHHOK KOMIIOHCHT BBOJSATHCS 3

CTaHJIapTHUMHM BU3HaYeHHsAMH B Tepminax ®PK [9, 113]:
n, = _[ d’ pfap y T =M NP = J o’ PP, fa;’

ga :gmanaTa+ —; manyzazj. d3 p‘ apf a’ gap — pz/zma, (34)

ne my, N, 7,,, U, €., T, — BIANOBIIHO Maca YaCTUHOK, T'yCTHMHA KIIBKOCTI YaCTH-

HOK, T'YCTHHA IMIYJIbCYy, IIBUIKICTb, TYCTUHA €HEPIii Ta TeMreparypa a-i KOMIOHEH-
TH. 3ayBaXMMO, 1110 B L1 poOOTI TeMIepaTypa BUMIPIOETHCS B EHEPTETUYHUX OJHHU-
5IX.

BBenemMo MacoBy WIBMIKICTH U, Ta TEMIEpAaTypy T 3a TaKUMU O3HAYEHHSIMU

[113];
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Ty =D Tan=0,Y MN,, £=) &, =§T2mana+%uzz m.n.. (3.5)

Y npocTOpOBO-HEOJHOPIAHOMY BUMAAKY (DI3UUHUN 3MICT IIUX BETUYHH IOJIATAE B
TomMy, 110 Bouu € [ICO cuctemu B cTaHIApPTHOMY TigpoauHamiuHoMy cTani [113] ¥V
IPOCTOPOBO—OJHOPIIHOMY BHUIAJIKy BOHH, SIK Oy/e€ MOKa3aHO HIDKYE, € MOCTIHHMMU
PIBHOB2XHHMH TEMIIEPATypOI0 Ta MIBUAKICTIO cucteMu. Ha ocHoBi piBHsiHB (3.2)-

(3.4) MoxHA OTpHMATH

or os

ana_ 3 an __ a __
= [dpl (1), = =R (1), —2=Qu(1), (36)

ne R, ta Q, — mxepena iMIyJabCy Ta €HEPrii BIAIOBIIHO:

Ral( )= [Pl ), Qu(f)=[dpeglyf(f) - (3.7)
Ha ocHoBi siBHOrO BHUIUIALY iHTerpany 3iTkHeHb Jlanmay (3.3) piBasuus (3.6)
(3.7) naroth

a;azo’ ZQa(f):O’ ZRan(f)zo’ (38)

3BIIKM BUIUIMBAE, 110 B MPOCTOPOBO-OJHOPIAHOMY BUNAAKY BeIMuuHU N, v, T €

KOHCTaHTaMH, TOOTO BOHU € BIATIOBIIHO PIBHOBAKHUMH T'YCTUHAMU KOMIIOHEHT, IIBH-
JIKICTIO Ta TEMIIEPATYPOI0 CUCTEMHU. Y MOAAIBIIOMY B IIbOMY PO3LJIi MU OyAEMO Tpa-

IIIOBAaTH B cucTeMi Bimiky v, =0.
Beegemo napametpu U, 7, QI3UYHUN 3MICT SIKUX — BIAXWJICHHS IIBHUJIKOCTI Ta
TEeMIIepaTypH €JIEKTPOHIB Bl pIBHOBAXHUX 3HAUYEHbD:
U, =0, , 7=T,—T. (3.9)
Penakcariitni mpouiecu B 1ii poOOTI JOCTIKYIOTHCSI OISl CBOTO 3aBEPIICHHS,
TOMY BIIXWJIEHHS U, 7 BBKAIOTHCS MAJMMHM Ta OL[IHIOIOTHCS MaJIUM MapaMeTpoOM L'
T~uT , u,~uT/m,, u<l. (3.10)
Ha ocnogi Buznauens (3.4), (3.5) Ta (3.9) MokHa mokasaTH, 110 BIIXHICHHS 10H-

HOI TeMIrepaTypu Ta MIBUAKOCTI BiJ] pIBHOBAXKHUX 3HAUYE€Hb BHUPAXKAIOTHCS B TEPMIHAX

Uy, 7 5K
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T-T :—ZT—:—];I”Q)ZUZ (1+ 272), v, =-20°U.; (3.1

3ayBaXXHMO, 110 TYT 1 HaJaji B I[bOMY PO3/iI1l PE3yIbTaTh MPUBOASTHCS 3 ypaxyBaH-
HSIM €JIGKTPOHEUTPAILHOCTI MJIa3MHU:

n,=2zn, (312
7€ Z — 3apsI0BE YHCIIO 10HA.

Sk Bigomo [50], ogHi€o 3 IEHTpaNIbHHUX 3a7ad CTATHCTUYHOI (DI3UKU € 3a1aya
CKOpOYEeHOTro onucy cucteMu. Habip mapameTpiB, siKi MOBHICTIO ONMUCYIOTh CTaH CHC-
TEMHU TMpH CKOpodeHoMmy omuci, Ha3uBaioTh [ICO cuctemu. OCHOBHA MeTa METOIY
CKOPOYEHOTO OMUCY — 3HANTH B JAesKii Teopii 30ypeHb OP (y KBaHTOBOMY BHUTIAIKY —
CTaTUCTUYHMI omeparop) cucteMu Ta yacosl piBHsAHHS a1 [1CO. 3ayBakuMo Takox,
10 CXOX1 171€1 3aCTOCOBYIOTHCS HE JIUIIIE B CTATUCTUYHIN (i3uIll, aje i B 1HIINX rajiy-
3x (i3uku (AuB., Hanpukian, [174]). [lounHaroun 3 MOHEPCHKUX POOIT BpariHckboro
[124, 83], 3a mapameTpy CKOPOYCHOTO OIMUCY CUCTEMH OOUPAIOTh TYCTHHU KUTBKOCTI

YaCTUHOK N, MIBUJIKOCTI U, Ta TeMIepaTypu [, KOMIOHEHT. Ik Oauumo, Temmnepa-
TYpH Ta IIBUIKOCTI KOMIIOHEHT MO>KYTh OyTH BUpPa)K€H1 B TEpMiHAX IapaMeTpiB U, , 7,

T ta v,. Tomy mo N , v, Ta T € NOCTINHUMHU PIBHOBR)XHUMHU IapaMEeTPaMu, B IKOCTI

a’
[ICO cucremu moxemo obpatu Maii BiagxujeHHs U, 7. Takuil BuOip mapaMmerpiB €
3pYYHUM JJIs ONHUCY pellaKcalliiHuX MmpolieciB y cuctemi. [loganpine gociikeHHs Oa-

3y€ThCs Ha i1e1 pyHKIIOHaIbHOT rinote3u boromobosa [9, 1]:
fao (1) —> FalU (1) 2 (1)), (313

ne 7, — AeIKH XapaKTepHHUH vac: 7, < 7, K 7;, T, — 4ac peyakcaiii IBUAKOCTI, T, —

u
yac peJakcarlii TeMmreparypu. 3rigHo 3 1€ i1e€ero, Jia Benukux yaciB ®PK nmounna-
I0Th 3QJIGKATH BiJl 4acy Yepe3 MmapaMeTpu CKOPOYCHOTO OMHUCY. 3ayBaKMMO, IO IIs
171es1 € OUTBII 3arajbHOI0, HIXK MPOCTO AOCHIKEHHS! «HOPMAJILHUX PO3B’SA3KIBY» Y paM-
Kax crangaptHoro metoay YemmneHa—Enckora [148, 10], 60 BoHa miakpecioe TOi

dakT, mo Taka 3anexHicth OPK 11 BenMKkUX 4aciB € pe3yJbTaToM MPUPOJIHOI €BO-

grorrii cuctemu. Ha ocHoBi (3.13) mepenuriiemo kinetnyse piBHsHHs Jlanaay (3.2):
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8fap ul, afap ul’
G(Un ) Ln(u|’T)+%Lo(ul 7)= Iap(f (UI’T))’
_ 0t =5Un
== L = = (3.14)

PiBusnns (3.14) cnpaBeanuBe [uist yaciB t>>7,, a caMme Taki yacu H JOCIIIKY-
IOThCS B LIl poboTi. Y moxpanbinomy piBHsHHA (3.14) 1ocmimKyeTbes B TeOpii 30ypeHb
32 MaJUM HapaMeTpoM x 3 JOJATKOBUM BHKOPHCTAHHSIM MAJOCTi BIJHOIIEHHS Mac
o . JlonatkoBumu ymoBamu 10 piBHsHB (3.14) € o3nauenns [ICO B Tepminax ®PK
(3.4). Bonu HakmanaroTh neBHi oomexxenHs Ha OPK. Yacosi piBasaus i [ICO mo-
KyTb OyTH OTpUMaHi Ha 0CHOBI BHpas3iB (3.2)-(3.4):

Lo (U, ’T)ZS_ieQe( f(u ’T))’ L, (UI’T):F]-rneRe”

O4eBuaHO, 110 B HYIOBOMY HOpsAAKY 3a 1 PPK marors BUTIIA

(f(un7)). (3.15)

na e
fa(r?):WapEWexp(—ﬂgap)’ B=T", (3.16)

1HAEKC 3BEpXy B KPYIUVIMX AYKKax O3Hadae Nopsanok 3a . Llei ¢gakr mae micue, 60

dyskii (3.16) 3a10BOTBHAIOTE T0JATKOBUM yMoBaM (3.4) B mopsiaky fi°:
n, =J'd3 pfy), O:J'd3 pp, £5, :—;naT :jd3 pe,, I, (3.17)
Ta Ha OCHOBI SIBHOTO BUTJISAY iHTErpaty 3iTkHeHb Jlannay (3.3) MoXxHa MmoKa3aTH, 110
I3 (F)=1,(W)=0, Q¥ =Q,(wW=0, RY(f)=R,(w)=0, (3.18)

3BigKH 3 ypaxysauusm (3.15) Gaunmo, mo B mopsiaky 4° piBmsabs (3.14) € ToToXKHiC-

TIO.

3 (3.18) i BumIMBaEe OYCBUAHUI pe3ynbTaT I yacoBUX piBHAHB st [ICO B mo-
panky 4°:
L =0, L?=0. (3.19
3ayBaXuMO, 110 B TOPSAKY 40 Pe3ynbTaTH POOOTH 30iralOThCs 3 Pe3ybTaTaMu

HJIP, sixi, sk 3a3Ha4eHoO Buile, 6a3yroThes Ha Takux OPK:
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2
fio ] (Pmmu) 320
" (2mmT,) p( 2m,T, o

[Tomanein miApO3AUIM IILOTO PO3ALTY MPHUCBIYCHI OTPUMAHHIO PE3yJIbTATIB JJIS
®PK ta yacoBux piBHsAHB 111 [ICO B OUIbII BUCOKMX MOpSIKaxX 3a g . Y 1iil poOOTI

. . 2 . .
pE3yJIbTaT OTPUMAHO 3 TOYHICTIO A0 YJICHIB IIOPAAKY A4 Ta 3pO6JI€HO 1X ITOP1BHAHHA

3 pesynpraTamu HJIP (BoHm, sik 3a3HaveHo paHime, 6azyrothes Ha DPK (3.20)).

3.2. Jliniiina Teopis pesiakcauii

Le# nmigposnin npucesiuero nomyky GPK Tta wacoBux piBasHb 15 [ICO B pam-
Kax JIHIAHOI Teopii penakcallli, TOOTO B MEPIIOMY MOPSIKY ,ul. 3ayBaxuMo, 10 BCi
JOCITIKeHHS TonepeaHuKiB [4, 123 55] crocyroThes caMe JiHIHHOT Teopil penakcarii.

OyHKLIT fa(;) IIYKa€EMO y BUIJISIL

& =w,(A(p)r+B (p)u ), (3.21)

1€ CTPYKTypa HEBIAOMHUX QYHKIIN A ( p), B ( p) BHU3HAYAETHCSI MIPKYBaHHAMH 00€-

an

pTaNbHOI IHBAPIaHTHOCTI:

Aﬁ(p):Aa(ﬂgap)’ Ban(p): pnBa(:Bgap) . (322)

M

ap » HABEJIEMO PE3yJIbTAT IS OPK, saxuit mae HJIP.

[Tepmr Hixk obumcmioBatn f

Lleit pesynbraT oTpumyeThcst Ha ocHOBI posBuHeHHsT PPK (3.20) y psaa Teiinopa 3a

MaJIMMH BiI[XI/IJ'IeHHHMI/I Un T .

A(Bew)=-BS"(Bew). AlBey)=2857(Be,).

B.(fe)=F. B (Bey)=—2b0". (3.23)
TyT 1 HajgaM BUKOPUCTOBYIOTHCS OPTOTOHANIBHI ToJiiHOMU CoHIHA:
o — 1 ad dn SX G+n
% (x)=ae‘x dX‘(e L"),
" 1
jdxx“ exp(—X) S (¥ S ( >§:HF( Mo+ 16, (3.24)
5 !
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3ayBaxumo, 1m0 nojiHomu COHIHA MIMPOKO BUKOPUCTOBYIOTHCS AJII OTPUMAHHS

HAOJIMKEHUX PO3B’A3KiB KIHETHUHUX piBHSHB (AuB. [84, 124, 83, 10]).

Dora @

VY nopansmomy fa(p ap, (IMB. HACTYIIHUH MiAPO3/iT) OOYHCIIOIOTECS 3a Ta-

KHM QJITOPUTMOM, SIKHH JTa€ 3MOTY OTPUMATH HAOIMKCHHUH PO3B’SI30K:

1) otpumatu it KoxxHOI yacTuHu ®PK To4He iHTerpasibHe piBHSIHHS Ha OCHO-
Bi piBHsAHB (3.14) Ta (3.15);

2) JOCTiAWTH OTpHUMAaHE PIBHSIHHS B TCOpii 30ypeHb 32 ¢ — BUIIUCATH PIBHSIHHS
B Pi3HUX TMOPAJIKAX 32 O,

3) 101IaTKOBO BUKOPHCTATH PO3BHHEHHS 3a MoJjiiHomMamu COHiHA JUIsl OTpHMa-
HUX Y IIYHKTI 2 PIBHSHB, SIKIO BOHU HE MalOTh OYEBUTHOTO TOYHOTO PO3B’SI3KY.

[MincraBusmm (3.21) Ta (3.22) no o3nadyeHHs jpxepen (3.7), MOKHA OTpUMATH

1 3 :
(n) :_ment,ﬁ’uur’ Qél) :_Eneﬂ’TT’

- 3mene§{ Pr: Py Ba(ﬁeap)}ea, A =3—iza:{gep, Aa(ﬂgap)}ea_ (3.25)

u

[HTerpanbHi KyXKKU {gp, hp} , BH3HAYAIOTCA TaK:
a

{gp’hp}abz_j o’ pd’ PMy( R B) W, G 1
Moo(P. P) =681 ,(F) /T4 (3.26)
ne Mab(p, p') — SIAPO 1HTETpaty 31TKHEHb. BBeneMo JliHeapru30BaHUil onepaTop 3iTK-
HEHb Kab:
Kol p= [ A PK(P B)Gp WK oo P, D) ==M (P, P) Wy (327)
Toni Ha ocHoBi Bupazis (3.14), (3.15), (3.25)—(3.27) moxxHa OTpUMATH Taki iHTe-

rpalibHi pIBHAHHS BIIHOCHO QYHKIINA A ( ﬂgap) Ta B, ( ﬂgap) ;

Z Kac’A‘c(ﬂgcp) - ﬂ“TA a('Bg ap)' Z K""Cp”BC(ﬂgCF’) =4 uP 'B 3('88 af) ' (3-28)
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Sk 6auumo, MaeMO 3aj7iady Ha BiacHl (QyHKIII Ta BIACHI 3HAYEHHS JIHEApU30Ba-
HOTO oreparopa 3iTkHeHb. 3 BupasiB (3.15) ta (3.25) 6aunmo, 1110 4acoBi piBHIHHS JJIs

[1CO HabyayTh BUTIISATY

aun /’luun , % =
ot

= A1, (3.29)

3B1IKM (P13MUHUM 3MICT BEJIMYUH A, Ta A; — BIANOBIJHO IIBUIKICTh pelaKcallii mBHU/I-
KOCTI Ta TEMIIEPATyPH KOMIIOHCHT.

JonatkoBi ymoBHu (3.4) HaKIIQTaOTh TaKi OOMEKEHHs Ha (YHKIIIi Aﬂ( ﬁgap) Ta
Ba (ﬂgap) :

Id3 pV\gij(,Bgap):O, jd3 pv\épgapAa(ﬂg ap)zgne(é as O ;i,

[d° v,z B Be ) =§ (s 0% ). (3:30)
3ayBa)xMMo, IO I po3B’s3aHHS PiBHAHB (3.28) HEOOOB’ SI3KOBO 3HATH BHpA3U
(3.25) nns A, Ta A;: 3a paxyHOK J0OJaTKOBHX yMOB Bupasu (3.25) OynyTh BHKOHYBa-
TUCh aBTOMATUYHO, AKIO A, A;, Ah( ,[)’gap) Ta B, ( ﬂgap) 3aJJOBOJIBHAIOTH PIBHAHHIO
(3.28). IMpote Bupasu (3.25) MOXyTh OyTH KOPUCHUMH JUIsS CIIPOILICHHS TPOMI3IKUX

oOuucnensb. Hanpuxman, obuucaumo temmneparypny vyactuHy ®PK y mopsaky ,u1 3

BUKopucTanHsaM (3.25), a MBUAKICHY YaCTHHY — 0€3.

VY nozanemomMy, 3rilHO 3 HAaBEIEHUM aIrOpuTMoM, OQyHKHII A, ( ,Bgap) Ta
B, ( ﬂgap) 00YHUCITIOIOTHCS B TEOPii 30ypeHb 3a o . Teopist 30ypeHb 3a o OyayeThCs Ha
OCHOBI CTaHJapTHHX OLiHOK [124,83, 84, 114]:

Pen~/MT, P, ~/MT~/mTo™. (331

Pesynbratn K, y pisHuX nopsakax Teopii 30ypeHs 3a o HaBezneHo B Jlogatkyl.
3ayBaKUMO TAaKOX, 1110 MOXHA JIOBECTU JOJATHICTh MIBUAKOCTEH penakcauii 4, ta A,

1ie 70 iX po3paxyHKy B Teopii 30ypeHsb 3a o . JloBecTu 11e MOXKHA HA OCHOBI TAKUX BH-

pasis:
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{A(p),A(p>}=xT; [ pug, ( A(B2.)

3.32

(8.(P).B. (9 =25 & B (B(0.)) . (3,00, {1, (332)
L1i Bupasu € Haciiakom (3.28). Ha ocHoBi (3.3) ta (3.26) MoKHA 10BECTH, IO

19,.9,} 20. (333

OdeBuIHO, IO IHTErpajd B mMpaBux yactuHax (3.32) € HeBiI'€EMHHMH, TOMY 3
ypaxyBaHHsM (3.33) maemo

4, >0, A >0. (3.34)

3.2.1. TemnepaTypHa 4acTHHA
VY 11bOMY ITyHKTI OTPUMYIOTBCS PE3YAbTaTH A A, ( ,Bgap) Ta A y pi3HUX NOPAJI-
Kax Teopii 30ypeHb 3a o Ha OCHOBI piBHsHB (3.25) Ta (3.28).

Y nopsizky o mepie piBHsuEs 3 (3.28) Mae 3 ypaxysannsm (3.25) Ta pe3yibra-

TiB, HaBeJeHUX y JlomaTkyl, Takuil BUTIIS:
7 (0 0 0 0 0 0

2 (0)

g{e‘ep, Aeo)(ﬂe ep)} =0. (339

e

-

TyT Ta B mojajJplioMy B LIbOMY HIAPO3AUIL IHAEKC Yy KPYIJIUX YKKaxX 3BEpPXY
O3HaYaTHMe MOPAAOK 3a o . OcTanHs piBHICTD Yy (3.35) — HACTIIOK SBHOTO BUIJISIY
IHTErpaIbHHUX TY)KOK. Sk Oaummo, Tosi apyre piBHsSHHS B (3.35) cTae TOTOXKHICTIO, a

nepiie HadyBae BUTIIAY
¢ (0) A (0) —
Kee Ae (ﬂg ep) =0. (3 36)
[IlykaeMo HOro po3B’si30K y BUTJISA1I PO3BUHEHHS 3a nojiHoMamu CoHiHa:

A” (Be,)= 2gas. (B2 o)), (337)

TYT Ta B MOAAJIBIIOMY BHOIp MOJIIHOMIB JIJIsl IPOCTOPOBO—OIHOPIAHOI 3a/1a4l OOIpyH-
TOBYETHCSI TUM, IO TEPIIi JEeKIbKa KOe(IIIEHTIB PH MOJIHOMAaX BU3HAYAIOTHCS J0-

JaTKOBUMHU YMOBaMH. Y MaTpUIHOMY BUTIIsAL piBHsAHHS (3.36) Mae BUTIISA
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ZgéO)H(e(I)()es_ ! Hakbs {Sﬂz(ﬂg ) Stz(ﬁg b;;,}ab' (338)

Jnsa k=0,1 piasaus (3.38) € TOTOXHICTIO, 00 3 ABHOTO BHUIVISIY IHTETPAIBHUX Y-

’KOK BUILINBAE
3 (3.39) 6aunmo, 1m0 a1t K > 2 piBHSIHHS Mae (3 38) BUTIIS T

Zg“” H@e=0, (3.40)

110 € TPUBIaMbHOIO CUCTEMOIO PiBHAHB Ha Koedimientn gL, , simxu g2, =0. Jlona-

TKOB1 ymoBH (3.30) BU3HauUarOTh Mepiili ABa KoedilieHTn B po3BuHeHHi (3.37):

0% =0, g9 =-4. (341)
Tox nst pymkiii A ( ﬂgep) MaeMO TOYHHHI PO3B’A30K:
A" (Beo) =—pSI(Be ). (342)

Ax O6aunmo, QyHKIIis Ab( ,Bgep) 3agaetbess HJIP y ronoBHOMY mopsiaky 3a o .

[Tonpasku no0 HJIP y 6is1b11 BUCOKHX MOpsIKax Oy/ie OTPUMAHO HUXKYE.

V HOpSAKY O 3 ypaxXyBaHHSIM IONEPEIHIX pe3ybTaTiB mepiue piBHsHHs 3 (3.28)

Ma€ TaKui BUTJISI:
KOAD (Be o) =APAD(Be o), APA(Bes, ) =KPAO(Bs, ) A2 =0, (343

Octanns piBHicTh B (3.43) € Hacmigkom (3.25) Ta ABHOTO BUIJISAY IHTETPATbLHUX

ayxok. Tomi (3.43) maTuMe BUTTISIA

ROAD(Bs ) =0, KPAO(pz,)=0. (344)
[Mepme piusHHS y (3.44) Mae po3B’s30K
AP (Be,,)=0. (345)

B 1ipomy nierko nepexkoHaTHUCs, MPOBIBIIM OOUMCIEHHS, aHAJIOTTYH1 00UYHMCIICHHAM
s AP ( ﬂgep) , aJie J0JIATKOB1 YMOBH 3aHYJIATH NEPI ABA KOEPIIEHTH B PO3BUHEH-

Hi. ll{omo apyroro piBHsHHA y (3.44), aHamoriyHi OOYMCICHHS MOXHA MPOBECTH Ha

OCHOBI TaKUX PIBHOCTEN
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H |%35 H élu)o H (1) Hlél])l’ (3 46)
1o Ja€
A (Bs, )=25S"( Py ). (347)

ne Koe(ilieHT MPHU MOJIIHOMI 3amaeThesi qonatkoBuMu ymoBamu (3.30). Sk O6auumo,

A ( pe, ) Takox 3agaerbea HJIP y ronoBHOMy mopsiiky 3a o, IpOTE B OUIBII BUCOKUX

MOPSAZIKAX 3a o JI0 I[bOTO Pe3yJbTaTy OyayTh OTPUMaH1 MOMPABKH (IUB. HIKYE).

Y mopsaky o mepure piBHsHHA 3 (3.28) Mae 3 ypaxysammaM (3.25) Ta Bxe

OTPUMAaHHUX PE3yJIbTaTiB TAKUN BUTJISI:
AN e =R OAD (g ) 1K B e K B e ),
XT(Z)A(O) (ﬂ ) (Z)A (0)(55 ep) +K EnlA i(l)(ﬂgip) +K ||(%\ i(O)(ﬂgip)’
AP = 3%({%, A0 (Be ) + (e AP )}(Z)) - (348)

e

3 octanHbOTO piBHAHHSA B (3.48) oTpriMaemo

o _2"7(z+)ne '—\/_
ZT 3 n.é/ZT?,{Z

Lle#i pe3ysbTar 30iraeThes 3 BimoMuM pesyibratom Jlanmay [4, 55]; sk 6aunmo,

(3.49)

BiH oTpuMaHuii Ha ocHOBI HJIP, Tomy 110 octanHe piBHsSHHS B (3.48) MicTuTh QyHKIIIT
A ( ,Bgep) ta A¥ ( P&, ), aK1 € pezynbraramu HJIP. Po3B’3ku nepuimx 1BOX piBHSHb

y (3.48) mrykaeMo sik po3BUHEHHS 3a nojiHoMamu CoHiHa:
(2) (ﬂgep) Zg (2)81/2( 9 A(l) (,B ) Zgl(l)ssyz(ﬂgip) _ (350)

Y MaTpuuHOMY BUTJISI Tiepiii ABa piBHsAHHS 3 (3.48) MatOTh BUTIIA:
3
(2) — (2) 40 (2 (2
_Eneﬂﬂ’T 5Id - Z Jes Hek es_ﬂ H ek]e+ ZB H ekl
2

(2) (2) ) g@ (2) (3 51)

rM*r 230, =—PH G+ Z 9s” Hiis + 28 Hi

VY (3.51) po3BUHEHHS MTOYMHAETHCS 3 IPYrOro MOJIHOMA, a HE 3 HYJIBOBOI'O, OCKI-
abpku 1onatkoBi ymoBH (3.30) HakIa1al0Th Taki 0OMEKCHHS:
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g =94 =0, g’ =97 =0. (352)
[Mepmie piBasuuA y (3.51) mus k=0,1 nae TotoxkHocti (0=0 mist k=0 ta Bupa3s
(3.49) nns k=1). [lng k>2 Ha #0ro OCHOBI OTPUMYETHCS PO3B’ 30K JIJIS Agz) ( ,Bgep).

Le#t po3B’s30K [JIs1 MPOCTOTH IIYKAEMO B HAOJIMKEHHI OHOTO MOJIIHOMA:

H (2 _ 7 H(Z)_
gg) _ IB e2,e|_1_I - ﬁ e2,il _ 3\/52( 74 ].)ﬁ(fz. (3.53)

e2,e2

Hpyre piBasiaas 3 (3.51) mae TotoxHOCTI ananoriuno Bunanky K=0,1. Yepes pi-
BHOCTI
Hi§<2,i)l =0, Hif<2,2:1 =0 (354
s K> 2 npyre piBHsHHS 3 (3.51) € piBHAHHSAM i3 TpUBiAIbHUM po3B’si3koM. Toxk Ma-

€MO
AP (Pe.y) =322(z+ 1) Bo* S (o, A (B, ) =0. (355)
Sk 6aunmo, oTpuMaHo TnonpaBky A0 pe3yiabraty HJIP nns ¢pynxkiii Aﬁz) ( ﬂgep) y

APYroMy MOPSIIKY 32 & .
VY 1perboMy moOpsaKy mnepiine piBHsHHA 3 (3.28) 3 ypaxyBanusam (3.25) Ta Bke

OTPUMAHHUX PE3YyJIbTATIB MA€ BUTIISA
ROAD (Be o) = AFAD(Be o) KOAP (Bs, )= 4R (Bs, ).

2

/11@ = ?{gep’ AS) (ﬂg ep)}

e

“_o. (356)

ee

Octanns piBHIiCTh y (3.56) € HACHIAKOM SIBHOTO BHUIVISAY IHTEIPAIBbHUX JIY)KOK.

Honatkosi ymoBu (3.30) 3aHynsTh niepini ABa KOedIilieHTH pU MOJIiHOMAaX Y QyHKITi-

ax AP ( ﬁgep) Ta A® ( pe, ) Tosi aHanoriyHoO MonepeaHiM BUKIaKaM OTPUMAEMO

O ()=, A7 (). @57

VY uerBepromy mopsiaky mepiie piBasHHA 3 (3.28) 3 ypaxyBanHsaMm (3.25) Tta

OTPpUMAHHUX BHUIIC pGBYJ'IbT aTiB Ma€ BUTIIAA:
¢ (O) A4 ¢ (2)p (2) " (4 (0) " (4 (0 —
Kee Ae (ﬂg ep) + K ee 2 (ﬂg cg +K £‘ e(ﬂg 9p+K %e\ i(ﬂ‘9 )p_
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~ AN o)+ APAL (B ).
(l)A(g) (ﬂ ) + K,\ii(él)'b} (O)(ﬂél‘p ) +KAie(4Ae (O)(ﬁgep ) +KA ie(% e(Z)(ﬂgep) =

4RO i)
4 4 3.58
5= 2 (e A0 e ) e A7 ) e op (e 7). O
3 ocranHbOrO piBHAHHA Yy (3.58) oTpuMaemo
MO =—2927%(z+ 1)@&- 247 2+ 32C ofx (359)

[Mepmmii unen y (3.59) nae HJIP. Bin 306iraerbes 3 pesynbratom Critnepa [123],
ki Takox Oyno orpumano B HJIP. Jpyruit wien y (3.59) € naciigkoM momnpaBku
(3.55) mo HJIP. SIk 6aunmo, otpumana nonpaska g0 HJIP cyTTeBo BIUIMBaE Ha MIBHI-
KICTh pelaKcallii TeMnepaTypu B 4YETBEPTOMY HOPSAIKY 32 o, TOMY 11O L MOIpaBKa y
32\/5 pasis Gimbia 3a unen, sxuit ae HJIP y mopsiaky o . Po3B’S30K Apyroro pis-

HsHHA Y (3.58) mykaemMo po3BUHEHHSM 3a nojliHoMamu CoHiHa:
A% (B, )= Zg.‘g’syz(ﬁeip) - (3.60)

HonatkoBi ymoBH (3.30) 3anynsaTh nepii a8a koedimieHTn B po3puHeHHi (3.60).

Marpuunuii BUrIsia apyroro piBasHH: 3 (3.58):
Zg.‘g) Hie + 28HG - ARG+ 62 HG =2 >0 A%, (361)

Hins k=0,1 pieasans (3.61) 3 ypaxyBanuam (3.59) nae TtoroknocTi; K>2 nae
PO3B 30K IBOTO PIBHSHHSA MJs1 (PYHKITI A(S)( ,Bgip). Jns mpocToTM OTpUMAEMO

PO3B’SI30K Y HAOJIMKEHHI OJTHOTO IMOJIiHOMA:

2)14(2)
i(s)_IBHQel_Zﬂ:(lSjl 2Hi 2 2:23/2(1+ Z_l),BG3.

i2j2

Tox maemo

A®(Be, )=2"*(1+2 ) Bo°S} Y Be,, )- (3.62)
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Otpumannii pesynsrar (3.62) € mompaBkorw g0 pesynabrary HIJIP mns  dyHkmii
A(Be,) y nopsaaxy o,
epuie pipusnns 3 (3.58) nae 3mory orpumatu A'Y ( ﬂgep), IpOTE 0OMEKUMOCH

00YHMCIIEHHSIM TOJIOBHOIO 32 ¢ mornpaBkoto 10 pe3ynbrariB HJIP. Tox ocratouno s

TEMIEPATYPHOI YACTUHHA MAEMO TAKUW PE3yJIbTaT:
A(Peay)=—PSI (B o) + 322 2+1) fo §(Pey) + (o).
A(Pe,)=2pS"(Be, )+ 27%(1+ 27) fo*S{ fe, ) + o),

/17=25/2(§—02—3\/_2202Jz( J)’E/ZL{; >+ o). (363

OcHoBHu# TIOPNOK 32 o y P Ta A, € pesynpratom HJIP [4, 123 55], mpote
oTpuMaHo nonpasku A0 pe3ynabraTiB HJIP ms ©P. Illogo pesynbrary mns A, y mo-
pSIKY O, TO HOrO 4acTHHA, KA OTPUMYEThCs Ha ocHOBI HJIP, 36iraeThest 3 BimoMumu
pesynbTatamu [123], mpote cyTTesuii BHecok y AP mae mompaska AY ( ﬂgep). 3ayBa-

KUMO Takoxk, 1o gakrruuno HJIP € HaGmmxenHusam oguoro nosixiHoMa CoHiHA Ta MOB-
HICTIO BU3HAYA€ThCS J10JIATKOBUMH YMOBaMU. Taka cUTyallis Ma€e MicIie He Juiie y }i-

31 TUIa3Mu (IUB., Hanpukiazn, [8]).

3.2.2. llIBuaKicHA YacTHHA

VY 1npoMy ImyHKTI 004HCIIOIOTECS B, ( ,Bgap) Ta A, y Teopii 30ypeHb 3a o Ha Oc-

HOBI piBHsHB (3.25) Ta (3.28).

Y nopsiaky ¢ * apyre piBrstHHs 3 (3.28) Mae Takuit BUIISA
A”p,BO(pe, ) =0, (3.64)

. -1 .
CIICKTPOHHC XX P1BHAHHA B IIOPAAKY O € TOTOXHICTIO. TYT Ta B MOJaJIbIIOMY B IIbO-

My OIAPO3JLII IHIEKC Yy KPYIJIMX y>KKaX 3BepXy O3HauaThUMe MOpsJIoK 3a o . Sk Bigo-

Mo [55], A\¥ # 0, Tomy pisnsHHEs (3.64) nacTh
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B (s, )=0. (3.65)

Y nopsiaky o apyre pismsHHS 3 (3.28) 3 ypaxyBaHHSIM BHIICOTPHMAHHX pe-

3y.HLTaTiB Ma€ BUIIAA:

(Keepn)(o) BY (B .)=A0p BY(Be o), A”p,BY(Be,)=0. (3.66)
Jpyre piBHsiHHS 3 (3.66) Bigpasy nae
B® (s, ) =0. (367)

Po3B’s130k mepiroro piBHsHHA 3 (3.66) mykaemMo y BUIUISII PO3BHHEHHS 3a IOJIi-

nomamu CoHiHa:
B (Bew) = 2N SV (s o). (368)

JIJist IPOCTOTH IIYKAEMO PO3B’S30K Y HAOJIMIKEHHI OJTHOTO MOJiHOMA. Y I[bOMY

HaOJIMIKEHH] Béo)( ﬂgep) MOBHICTIO 3a7aeThest poaarkoBumu ymoBamu (3.30), siki BH-
3HAYAIOTh KOE(ILIEHT IPU HYJIOBOMY MOJIIHOMI:
h =B, BY(Bee,)= 8- (369
3ayBaxuMo, 0 OTpuMaHa Bemuunna B ( ﬂgep) 36iraerbcs 3 pesynbratom HIIP,
npore HJIP nae numie ronoBHHI mopsmok (QyHKINT Be( ,Bgep) 3a o. Y ui poboTi

OTPYMMAHO TIOMPABKHU JI0 I[LOTO PEe3yJbTaTy B OLIbIN BUCOKUX MOPSAKaX 3a o (IIUB.

Hwkue). [leprie piBHsiaHS 3 (3.66) Mae Takuii MATPUIHUN BUTIISI

ZhéO)G(O) =20 an, mT . (k N §j h©

ek’

ek es™ \/— K 5
Guns={ P (Beng). P (Pe)] (3.70)

Ha OCHOBI YOIo MacMO B HaOJIM)KEHH1 OJHOT'O ITOJIIHOMA
20 =LG§§>GO— 2? pne'r (3.70)

" 3n.mT * m2 7?7
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Sk 6aunmo, pesynbrar (3.71) orpumano Ha ocHoBi HJIP Ta BiH 30iraerhcs 3 Bi-
noMuM pesyabraTtoM [55]. IIpote B poOOTI 0OTprMaHO MompaBKu A0 A, B OLIBII BUCO-
KHUX MOpsJIKax 32 o (JIUB. HIXKYE).

VY meprioMy MoOpsAKy 3a ¢ 3 ypaxyBaHHSM BHUIICOTPUMAHUX PE3YJIBTATIB IPyTe

piBHsHHS 3 (3.28) Mae BUTIISI:

A0p,B0 (o) + 200 B e )=(K o ) BYps ),

ﬂ“LEO) pn B|(2) (ﬂgip) = ( Kie ps)(l) Bz(eO)(ﬂg ep) ' (3 72)

. @
3 npyroro piBHAHHA Y (3.72), BUKOPUCTABIIHU SIBHUI BUIJISA]] OllEpaTopa (Kie ps)

ta (3.69), MaeMO TOYHHMIA PO3B’A30K:
B? (e, )=-2b0". (373
Pesynbrat (3.73) € Tounum po3B’si3koM y pamkax HJIP. Bin 36iraetses 3 [55] Ta
YyZ0BO y3TO/KY€EThCs 3 poaarkoBumu ymoBamu (3.30). 3ayBakumo, OHAK, IO B IIii
poOOTI OTPUMAHO KOPEKIIIi JO IOT0 PE3yabTaTy B OLIbII BUCOKOMY MOPSKY 32 o
(muB. HIKYE). POo3B’s130K nepiioro piBHsHHA 3 (3.72) mIyKaeMo y BUIJISII PO3BUHCHHS

3a moiHomamu CoHiHA:

B (Bep) = NS (o) (374
VY marpuuHiit popmi niepiie piBHsHHS 3 (3.72) Mae BUTIIAA
PR mer@j& Zh“)(sg‘yes AOARMTL (s+ 5)5 j (3.75)
Jr 2 = NEE

cyma B mipaBiif yactuHi piBEsSHHA (3.75) nmounHaeTshes 3 1, Tomy mo Y samynserscs

nonatkoBumu ymoBamu (3.30). k=0 y (3.75) nae Takuii Bupas:
3n.may = HIGY, (3.76)

s>1

(3a3naunmo, mo G #0),a k>1y (3.75) nae TaKy CUCTeMy PiBHSHb:

e0,es

4n, m,T 5
Z (1)(G(e(l)<)es ﬂf(l?)\/e—Trzelr(S‘i‘Ejé‘ksj:O, (377)

sika, OYEeBHJIHO, Ma€ TPUBIAIbLHUI po3B’s130K. ToMy 3 ypaxyBauHusaM (3.76) maemo
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A0 =0, BY(pe,,)=0. (3.79)

VY napyromy mopsaky 3a o 3 ypaxyBaHHSM BHUIICOTPUMAHUX PE3YJbTATIB JApyre

piBHsHEs 3 (3.28) Mae BUMIA:
(ReaPn) BO(Be)+(R p ) BY(Be J+(K ) BO(Be )=
= 2p,BP (B ) + AP p BY(Be ).
0p,89(Bs,)=(Kop, ) B (s, ). (379
lpyre pipusuna 5 (3.79) 3 ypaxysanmsu ssioro surmny onepatopa (K, p, )

BiJIpasy Ja€e
B (z,)=0. (380)
Po3B’s130k nepmroro piBHsHHA B (3.79) mIykaeMo y BHIJISIII PO3BHHEHHS 3a IIOJIi-

nomamu CoHiHa:
B (fewy) = LNESY (e o) (381)

VY MaTpuyHOMY BUTIISII miepie piBHAHHS 3 (3.79) 3amucyeThest K

4n,mT 5
3 R R

=223n.mg . (3.82)
Cywma B niBi# yactuni (3.82) nmounHaerbes 3 1, Tomy 1o goaarkosi ymosu (3.30)

sanysats h . k=0y (3.82) nae
2IE'Goest fCel o~ 2007 Clglg= 23N, (3.83)

a k>1y (3.82) nae taky cuctemy piBHSHb:

An.mT 5
Zhsi’(Gé?es zf)—ﬁ%s_ur(sﬁjm%ﬂdi@ o' @0, (384
s>1 '

3 SIKOi MOKHAa OTpUMATHU Béz)( ﬁgep). JIJist TpOCTOTH OTPUMAEMO 1110 (PYHKIIIIO B Ha-

OJIM>KEHHI OJHOTO ITOJIIHOMA:
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15 T 3z(2z-))
@ —(zp5°GY), — pG2 ( GO ~=219n mﬁ = o’
h ( 2o Cyio— P el,eO) CICI 32+ 42 —=p

3z (22 1)
2) _ <]
B (Be.,) = il B’ (Bes,). (3.85)
Otpumana dynkmis (3.85) — e nomnpaska OiIbIIT BUCOKOTO MOPSIAKY 32 & JIO pe-
3ynbTaTy it B, ( ,Bgep) B pamkax HJIP. Ha ocnoBi (3.85) 3 (3.84) orpumaemo

AP = —3nlme(hé12)G$')a +BGY) o~ B0*GY ) =

e

_(42—2 6y 22~ 1)\/27mzze L .
3 3z+4J2) npPTY? '

[Mepmmii wien y (3.86) orpumyeThest Ha ocHoBi HJIP, a npyruii € HacmigkoMm ypa-

(3.86)

xyBauHs nonpaBku (3.85) no HJIP. Sk 6aunmo, ypaxyBaHHS Ii€l MOMPABKH CYTTEBO

3MIHIOE A, Y IpYrOMY MOPSAKY 32 o .

Y nopsiaky ¢ gpyre piBHsHHS 3 (3.28) Mae 3 ypaxyBaHHSIM BHIICOTPHMAHUX Pe-

3yJbTaTIB TAKUI BUTJIIS;

(Keepn)(O) B(j’)(ﬂg ) /’L(3)p rB(O)(ﬁg )+l(0)p ﬁ(s)(ﬂg ;r’
(Rin ) B (5, )+ (Ko, ) B () + (Rup,) B (2 )=

= (0)pnBl(“)(,Bgep)+ﬂ,52)pnBi(2)(ﬂgep). (3.87)
[Mepmie piBasiHHA 3 (3.87) PO3B’SA3YEThCS AHAJIOTIYHO MEPIIOMY PIBHAHHIO 3

(3.72), mo nae:
22=0, BY(Pey,)=0. (3.89)
[lykaeMo po3B’si30k apyroro piBHsHH: 3 (3.87) y Burisazi

B (e, )= > hS%(Be, )- (3.89)

Hpyre piBusans 3 (3.87) 3 ypaxyBanusam (3.88) mae Takuii MaTpUYHHIA BUTIISI:

~286°G, + fGZ, + 1P (0;12%(0)Mr( K+ g) KY-283nmé,. (390

Jrzk!
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[Tpu k=0 piBusuus (3.90) crae ToroxHicTio (nuB. (3.86) Ta (3.30)). [Ipn k>1

3 HBOTO MOXKHA OTPUMATH PO3B’S30K IS Bf‘”(ﬂgip). Jlist mpocToTH 3HAKWIEMO

PO3B’SI30K Y HAOJMKEHHI OJTHOTO IMOJIiHOMA:

) 3
h(f):W(—zﬂaz ot BGLo+ ' GY)o"=—Z o’ (391
Tox Maemo
3
B (B, )= 20" (85, ). (3.92)

Pesynbrar (3.92) € monpaBkor OLIBII BHCOKOIO HOPSAKY 38 & JI0 PE3yJIbTary

i B ( P&, ) y pamkax HJIP.

Posrnsmaroun apyre piHsSHHES B (3.28) y OUTBIII BUCOKUX MOPSIIKAX 32 &, MOXKE-

MO OTPHUMYBATHU IIOIIPABKH HIC OLJIBIII BUCOKHX HOpiII[KiB, IIpoOTC 00MEKHUMOCH T'OJIOB-

HOIO 332 ¢ nompaBkoro 10 pesyibrarie HIIP g B, ( ﬂeap) ta A,. OCTaTO4YHO BUIH-

IEMO PE3ybTaT AJIsl MBUAKICHOT YACTUHHU:

3z(2z-1)  ,_.» 4
Be(ﬂeep)=ﬂ—32(+—m)ﬁa S7*(Be.,) + Oc),

8 (5,)=-260" - S2p S (e, ) + o).

%:(ﬂ+4z—2 2 gy 271 zj\/anze L+O(G4)_ 393

33 ¢ aiaia’ | T

VY ronoBHOMY NOPSIIKY 32 o Il BenuuuHU 3aaatotbest HIIP, npore no HJIP 3naii-

JIeHO TorpaBKu. Jpyruii uieH y Bupasi ans A, — e nonpaBKa MOpSAKY o’ B paMKax

HJIP, a TpeTiii wieH € HAC/IIIKOM YpaxyBaHHs MOMPABKU JIPYTOTO MOPSAKY 32 & 10
B, ( ,Bgep) . Sk Gaunmo, BiH cyTTeBO 3MiHI0E A7),

Hanpukinii miapo3aity, NpucBIYeHOMY JIIHIHHINA Teopli penakcarllii s IpocTo-

POBO-OHOPIIHOI IJIa3MH, 3a3HauuMo, 110 pe3ynbratd (3.63) ta (3.93) HaBeneHo 3

ypaxyBaHHSM €JIEKTPOHEHUTPAIbHOCTI I1a3Mu. {15 mpocTOpOBO-0IHOPIAHOTO BUNIAM-

Ky 1I€ 3py4HO, TOMY I1I0 T'YCTHHHU YKCJIa YACTUHOK KOMIIOHEHT MPOCTO € PIBHOBAKHMU-
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MU KOHCTaHTamu. [IpoTe B mojanpmmx po3aijgax Auceprarlii Oy/ae BUBYATUCH MPOCTO-
POBO-HEOTHOPITHUHN BUIIAJIOK, 1 TSl HHOTO TBEPKEHHS, 110 B KOXKHIN TOYIIl MPOCTOPY
n,(xt)=zn( xt), He € Bipuum. IIpu nineapusawii Teopii Ginst piBHOBa)KHUX 3HAYCHD
[ICO n, = zn BUKOHYETHCSA Ui PIBHOBKHUX 3HAYCHb T'YCTHH, aje HE JUIsl BiAXUICHb

I'YCTHH BiJl pPIBHOBa)XHHMX 3HaueHb. Tomy HaBememo pe3yibTaT (3.63) Ta (3.93) 6e3

ypaxyBaHHS €JIEKTPOHEHTPATLHOCTI:

A (Beo,)=—BSI*(Be o) + (1+ ni}&ﬁzZﬂozsfz(ﬂeep) + o),

32

A(ﬂeip)%ﬂsl”z(ﬂap)%(%”j%ﬂfsé’ (B, + o),

2 n, n , 25/2\/; 264 | 52 .
Ay = é(r}+r]3)—r](1+ﬁ+£1+—j3f222ja 2 + qo°),

n U
6n, — 3n 2 232 4
B.(Bey) =8 - o 3 2po*S?(pe,) + o),
8 (e, )= o g oS, )+ Of ),

32 _12 2,4
/1_2 T nizeL2+[2Q

2n-n
“ T 3T 1- o L ]‘72 +0(a”). (399

no 42n, + 32n

VY TakoMy BUIJISIII BOHM 3pY4HI JUIsl JOCTIIPKEHHS BIUIMBY peJakcallii Ha TiIpo-

JTUHAMIYHI TTPOIIECH.

3.3. KBaapaTuuHa Teopisi pesakcaiii

VY nonepenHpboMy OiApo3/iai OyJau OTPUMaHI MOMPAaBKKU OUTbII BUCOKOTO MOPSIAKY
3a o 10 Bimomux pesynsrariB HJIP. Bonu Oynu oTpumani B pamkax JiHIIHOI Teopii
penakcariiii, ToOTO B MepuIoMy MOpSAKy ManocTi 3a g . 3 piBHsAHb (3.29) O6aunmo, 110
OCKIJIbKM BIJIXWJIEHHS U, 7 3TracaroTh 3 4aCOM, TO 3 JAESKOIr0 4acy came JiHIWHUN Mo-
pAAoK 3a g AacTb ocHOBHUM BHecok 10 PPK ta no mBuakocTti pemakcamii. Came ni-

HIMHINA Teopii penakcanii ¥ NpucBsYeH1 poOOTH MoNnepeaHUKIB. TUM HE MEHII, Ha Jie-
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SAKOMY €Talll eBOJIIoLii cucteMu nomnpasku 10 HJIP 6inbmr BUCOKOro mopsiaky 3a o B
pamKax JiHIHHOI Teopli penakcalli MOKyTh OyTH MOPIBHSHI 3 MOMpPaBKaMH 3 KBajpa-
TUYHOI Teopli penakcarii (TOOTO B MOPSAKY MAJIOCTI £° ), MPOTE OTPUMAHUMH B TOJIO-

BHOMY MOPSAKY 32 o . ToMy JOCTIPKEHHS KBaJpaTUYHOI TEOpii pesakcalii € BaxIiu-
BHUM Ta aKTyaJIbHUM.

@®PK B pamkax KBaJpaTH4HOI TEOPil penakcarlii IyKaeMo y BUTJISAIL
(2) _ 2
fa =Wo,(A7 ()7 + A(p)au s+ AL(p)u i ), (395
7ie BEpXHIH 1HJIEKC y Jy’KKaxX 03HAya€ MOPSJIOK MO 4 . 3 MIPKYBaHb 00€pTaJIbHOI 1HBA-

pIaHTHOCTI BUIUIMBAE, O YacTUHH (PyHKIIT po3noainy y (3.95) maroTh BUTIIS:

AT (P)= A (Be): An(P)= oA (P ).

5 ()= A%(Be 1)+ A Be D e My = P11 —é 5. (3.96)

3ayBa)KMMO, 10 [T TEH30pa IPYroro paHry BUKOPUCTOBYEThCS PO3KIIAIaHHS Ha
He3BiHI TeH3opu [175].

[Nepmr Hixk npoBoauTH o0uMcieHHs QpyHKiH (3.95) Ta KBagpaTHIHMX 32 4 BHEC-
KiB 10 yacoBux piBHAHB A [ICO, HaBenemo pesynpraT HJIP mos fa(s). et pe3ymnb-

taT oTpumyeThes po3BuHeHHIM OPK (3.20) y psn Teitnopa 3a MaJlMMu BiIXWUICHHSIMU

u,, 7.
A (Bew) = S (Be o) A (Pey ) =225°S1(Psy )
A" (Bew)=—BSY?(Be o). A (Be,)=-2"B0°S*(Be, ),

A2 (Bo) = —5m S (B ). A (Bo) =2,
¥ (pey) = 2m st (pe,), A (pa,) = 2E 7 (357

Oyukiiii (3.95) 004YKCII0I0THCS 33 BUIIICHABEACHUM aaroputMoM. CriodaTky Tpe-

0a OTpUMaTH TOYHI IHTETpaJIbHI PIBHSAHHS Ha KOXHY 3 ¢yHKIii (3.96) Ha OCHOBI piB-
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HsHb (3.14) ta (3.15). Sk 6aunmo, IS IILOTO HEOOXITHO MAaTH BUPA3H JIJIS YaCOBUX

piBastab 1151 IICO B mopsiaky 1. Ha ocrosi (3.3), (3.7) ta (3.15) otpumacmo

GYr 2 2 uu 2
L&\Z) _ rn:ll,] ., L(OZ) :ﬁGTTTZ + 2 Gnl u,u +—r§eﬂu Uz, (398)

ne koedirientu G, G ta G Bupaxarorscs B Tepminax OPK:

nl

Gy =27€ LY €( V., (LA (1) + VL (A(P).B (D).
=2 ngz(vgc(l, A ( p))+%\/\éc( AP A p))),
67 =208 15 ¢ W1 A'(p)+ (B 98 B) )

00y 004 oh, oh,,
aclp hp’g Idgﬁ ap cp[ apép;p o hdpan( gapaq( - gcpap(
k

4

P P
XDIk[E_Ej’ acl hp’g J.ds aclp h g

(3.99
ac hp’g J.dg ®aclp h g)
3 ypaxyBaHHSIM IIUX pe3yJbTaTiB MOXHA OTPUMATH TOYHI IHTETPaJIbHI PIBHSHHS

BigHOCHO ¢yHKIi# (3.95):

2
3n

e

A (Be,)C™ —24.A7 (Be ) =-2 K A%(Be ) -

00 . A(P), A(P))
op,

—7€ Lw pz e’

1
mn,

B..(P)Giy — (A, + ;) A ( ZKaCAC,

276’ Lw pz e @ acnp( A p).B( D),
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2GY 2 (3.100

3N +§m1~ﬁ'L§n|J :_; K aAu(l:Jn(p) -

e

2, “z.<p>+Aa<p>[

—m€ Lw; e(f%@ 2o B{ P). B( D)

ne A (p) ra B, (p) — orpumani Bume ®PK (3.21) y pamkax niHiiHOI Teopii penak-

carlii, AKi MicTATh monpasku 0 HJIP Gibin BUCOKOTO NOPSIKY 3a G; oneparop O,

Bu3HaueHo B (3.99). SIk 6aunmo, piBasHHS (3.98)—(3.100) MmicTsates momnpasku g0 HJIP,
OTpUMaH1 y TOIEPETHbOMY IMAPO3aLI, 1 X04a Yy [MOMY HIAPO3Iii MU OTPUMAEMO
nuire rojiopaui 3a ¢ mopsmok @PK (3.95) ta wacosux piBHsHb it [ICO (3.98), mi
TIOTIPaBKH MPUHIIMIIOBO JAIOTh 3MOTY OTPUMATH IIi BEJIMYMHH HE JIUIIE B TOJIOBHOMY,
aje i y OUThII BUCOKUX MOPAJKAX 32 G .

JlonatkoBi ymoBH (3.4) B paMKax KBaJpaTHYHOI Teopii penakcaiii HaOyayTh BH-

IS LY
IdspV\ép'Af(ﬂeap):O, Idng\épﬁg(ﬁ’eap)gap:O,
[d*pw, p, p A& (B2 ) =0,
[d® pw, A% (Be ;) =0, ”LGe(gae—aai) [ pw, A2 (e ) o (3.101)

3ayBaXMMO, 110 JOAATKOBI yMoBH mis pyHkmii A ( Bs. ) BUKOHYIOTBCS aBTO-
Tr ap

MATUYHO. Y MOJAJBIIMX MyHKTaX Iboro miapo3ainy ®PK (3.95) orpumMyroTscst B T€O-

pli 30ypeHb 3a G .

3.3.1. ®yukuii npu 7°

Lleit myHKT npHCBsiYeHO TontyKy GyHkmin A’ ( p) y Teopii 30ypeHb 3a o Ha OC-
HOBI OTPUMAaHHMX ISl HUX TOYHHUX iHTerpajibHux piBHsAHB (3.100)

Ieprue piBasiams 3 (3.100)y mopsiaky ¢° Mae It a= € TaKHil BUTTISI
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. (3.102)
—-2re Lt [d B, [ S0z ) P $5(0) B DR B,

st a=i BoHO € TotoxHIcTIO 0= 0. TyT 1 Haman BepxHIN 1HACKC B KPYIIIHX JTYyXKKaxX
O3Havae MopsIoK 3a o . [Ipu BuBenenHi (3.102)BUKOPUCTOBYETHCS SIBHUN BUTIISAI Pe-

3ynbrariB (3.63) Ta dakr

GTT(O) — O, (3103

KU MOKHA oTpuMaTH Ha ocHOBI (3.63) Ta (3.96). Sk 6aunmo, piBHsHHS (3.102)€ pi-
BHsiHHAM Dpearonapma mepuioro poy, TOMy IO MpaBa HOTO YacTWHA — Bigoma (pyHK-
11151, a JJiBa Ma€ BUTJISAJ JIIAHEPU30BAHHOTO OIlepaTopa 31TKHEHb, IKUH JI1€ Ha HEBIAOMY

¢ynukuiro. Po3s’s30k piBHsaHHES (3.102)m1ykaeMo y BUTIIS T

A ) - S0 ). 6109

Cyma y (3.104) nounnaethbest 3 2, ToMy 1o jgoaatkoBi ymoBu (3.101)3anynsaTh
Koe(IiliEHTH TPH MEPIIOMY Ta HYIbOBOMY TojliHoMmax. PiBasHHS (3.102) mae matpuy-

HUN BUTJIST:

(2 0 3 3 aSi/z(ﬂgep) as:l(/z(ﬁge )
29OH Q= LB I pd” pw, ‘[ o om )

<[S(Beg) B- §2(Be) B O P D). (5:109

JAs mpocToTH 3HainEMO Aj’(o)( ﬂgep) y HaONWKeHHI OJHOro momiHoma. Jlis

k =0,1 piBastang (3.105) € ToroxknicTio BHachiaok (3.39). s Kk =2 maemo:

gé;(z) — ﬂ:jol)_'gs.l.d3 pd3 B Wo W}b[asgz(ﬂgw) _ 8%3/2(,38@)])(

e2,e2 apn ap:]
3.10
X{S‘M('Bge“) R §Z(ﬁgep) F’?} D.( p- D=5, (3.109
3BIJIKH
&T(O)(ﬂgep):ﬂzsgz(ﬂgep)' (3.107)
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Sk 6a4umo, B HAOIMIKEHHI OJHOTO nojiHoma A ( ,Bgep) y TOJIOBHOMY TOPSAKY

3a o 3agaersca HJIP, mpore 1o mporo pesyiprary MOKHa OTPUMYBATH IOIPABKU B
O1IBIIT BEJTUKOMY YHCJI1 TTOJIIHOMIB Ta B OLIBIII BUCOKUX TMOPSIKAX 32 O .
VY nepmomMy nopsiKy 3a o s a= i nepuie piBHsHHS y (3.100) 3 ypaxyBaHHSM

OTPUMAaHMX BHUIIE PE3yJIbTATIB HA0y/Ie BUTISY:

—27zz4e4L,8322£_[ d* vy vagr{ 5f‘l/z(ﬂgipf) R- é/z(lggip) P} R( P P=
h (3.108

=W, Kigl) = (IB‘?p )

PiBusuus  (3.108) € piBusHHsIM Dpenronpma Mepuioro poay it (yHKIIIT
AT ( P&, ) Iepme piBastams B (3.100) B mopsaky ¢ 11 a= € J03BOJISIE OTPHMATH
A’ ( ,Bgap) y OLIbII BUCOKHX MOPSAKAaX 3a o, MPOTe 0OMEKUMOCH TOJOBHUM TOPSI/I-
KOM. 3ayBakuMo, 1110 ipu BuBeaeHHi (3.108)BpaxoByeThCst

G"® =0, (3.109

el (aktT MoskHa oTpuMaty Ha ocHOBI (3.99). [llykaemo po3B’s30k piBHsaHH:A (3.108)y

BUTJISIII PO3BUHEHHS 3a nosniHoMaMu CoHiHa:
TT(O) (ﬂ ) Zglrr(O)S]/Z(ﬂgip). (3110)

Cyma B (3.110)mounHaetbes 3 2, ToMy 1mo poaatkoBi ymoBu (3.101) 3anynsTh

nepiin aBa koedilieHTH B po3BuHEH1. Matpuunuii Burisia piBasaas (3.108):

v2( 5. 12( 5
s ) )
X{SL}/Z('Bgip’) R- 3}/2('8‘9"0) P} I:Rl( P- D)=Z; g(o) i j)s - (3.117)

JUist poCTOTH 3HaWaEeMO PO3B’SI30K Yy HAOMMKEHHI OJHOrO mojiHoma. Jlis

k = 0,1 piBHsIHHS € TOTOXHICTIO BHaciA0K (3.46). [lnsa K =2 maemo:
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g = Al-Y L,BszZJ-d3 ock p[(ﬁ(w(ﬂ&ep) ~ asi/z(ﬂsep)] w g x

2 Hi(gz apn 892
(5% (Be,) 0 - §2(8,) 8] R - 1= 257 (3112
Tox maeMo
AT (e, ) =2B7S (e, )- (3113

Sk 6auMMO, B FOJIOBHOMY TOPSIZIKY 3a ¢ B HAOJIMKEHHI OJIHOTO MOJIIHOMA (DyHK-
s A° ( pe ) 3anaerbest HJIP, xoua 10 1boro pe3ynbraty MO>KHA IIyKaTH MOMPABKHU B
ip >
OUIBII BUCOKHX MOPSAJKAX 38 o Ta B OUIBII BEJIUKIN KIJTBKOCTI TOJIIHOMIB.

Tox nns Gynxuin A ( ﬂgap) Ma€eMO

A (Beop)=B7S3?(Be o) + O(0), A" (Be, )=2° S *(Be, )+ Oo). (3114

OO6uaBi i QyHKIT OTpUMaHO B HAOJMKEHHI OJIHOTO MOJIIHOMA, B TaKOMY Ha-

OJivbkeHH1 BoHM 30irarorecsa 3 HJIP.

3.3.2. ®yHkuii npu 7U,.
Le# miapo3in npucBsSYeHo OTpUMAHHIO QyHKIiH A" (p) y Teopii 30ypeHsb 3a o
Ha OCHOBI TOYHHX iHTerpanbHuX piBHAHB (3.100)
Jlpyre piBustams B (3.100)B mopsiaky o & WIS a= € € TOTOXKHICTIO, a sk a= |
Ma€e BUTIIS:
w, 2" A" (e, ) =0, (3119
3BIJIKH

A" ( Bz, )=0. (3.116)

Y nopsiaky o apyre pisasuus 3 (3.100)xac:
ur(0)

WPt WA A (2 )= w K | AT (e )+
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+2r¢e’ Lm%de ﬁv\ng\ép{ PuPt — B |d ( 552(,386;,) 32(ﬂeep))}x

mT
(3.117)
xDon(P= P, W A7 A" (i ) =0
Jpyre piBusuus 3 (3.117)oapa3sy nae
A“O(pe, ) =0. (3119

Po3B’s130k mepmroro piBHsHHS B (3.117)1rykaemMo y BUTIISAII pO3BUHEHHS 3a T10-

muaomamu CoHiHA:

A (e, )= SOt e ). @119

Cyma B (3.119)nounnaerbes 3 1, Tomy mo moaatkoBi ymoBu (3.101) 3anynsTh
KO€(DIIIEHT MpU HYJIbOBOMY MOJIHOMI. MaTpU4HHMI BUIJISA NEPIIOrO PIBHSAHHA 3

(3.117):

e 4n,mTAY ur e
Gnn(O)é‘ko ma u l—‘( jgd((O) des(O)G(ec'?es_

Jrk!

0SY2 02
—re Lm;j d® pd3 p[ S (a,‘;é‘ep) Y B $/ (al‘;‘j"ep) ﬂ] W, W, x
it 2 2 (3120
{ ?neTB“q (Sl/ (Beo)— & (ﬂeep))} D..{ P~ B).
Jlns k=0 piBastaas (3.120)mae Burisia
G = ng(O)Gg’J)e’ (3.121)

III0 € TOTOXKHICTIO, TOMY 1[0 TAaKWH caMe BHpa3 MOXKHA OTpUMaTH Ha ocHOBi (3.119)ta
(3.99). Lle cBimuuTh Mpo Te, IIO MPOIEAypa OOUYHMCICHHS HE € CyrnepewinBoro. J{is
POCTOTH OTPUMAEMO po3B’ 130K piBHsAHHSA (3.120)y HaOMMKEHHI OJHOTO TMOJIHOMA.

HpI/I k =1 maemo 3 (3120)
15 0 ur (0 0 0
_“5“'6'151)9!()_— qxr()‘;(’)_
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o oo [0S (Bey) B 0T (Bey) B
—7T€ Lmej.d pd’ p[ . P o0 VY, Wy X
(3122
' B 6 2 2
x{ Pr %Tgn 0, 1 (S4%(y) - § (ﬂgep))} D, p- P).
3BIIKA
ur(0) _ _ ﬂz
el o 3z (3123
42
Tox y HaOIMKEHH1 OJTHOTO MOJIIHOMA MAaEMO
uzr(0) _ ﬂz 32
A (ﬂgep)_ 37 S (ﬂgep)' (3.129

1+ —
42
Sk 6aunmo, GpyHkmis A" ( ,Bgep) He 3a7aeThest HIIP HaBiTh y HAOIMKEHHI OJTHOTO

HOJIIHOMA B TOJIOBHOMY TOPSIIKY 3a o . Bin pesynbrary HJIP pesynbrar (3.124)Biapi-
3HSIETBCSL HASIBHICTIO IPYroro JIOJAHKY B 3HAaMEeHHHUKY. OTpuMaHnuii pesynbrar (3.124)
€ IyXXe BaXJIUBUM: BIH Nokasye, 1o HJIP He € po3B’sS3KkOM KIHETHUHOIO PIBHSHHS B
paMKax KBaJpaTUYHOI TeOpii perakcailii HaBiTh y TOJOBHOMY MOPSIKY 32 o Ta B Ha-

OJIMDKEHH] OTHOTO TTOJIIHOMA.

V nopsiaky o' mas a=i apyre pisrsHHs 3 (3.100) micis HECKIaZHHX HEpPeTBO-

PEHb, SAKI MOB’s3aHI 3 BUKOPUCTAHHSIM SIBHOTO BUIJIAIY omepatopa ©, . Ta BUpasy
(3.124), naGyBae BUTISAY
. 4\2r 7°€' Lnfc?
2p A m(ﬂé}p): L £°p §2(ﬂ§p)! (3.129
3 nymT
3BIJIKM OTPUMAEMO TaKWH TOYHUIN PO3B’SI30K:
AUT(z)(ﬂgip):_zzﬂ202§3 Z(ﬂgip)' (3.126)

Pesynbrat (3.126)36iraerscst 3 HIIP.
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Tox mst pynkiin A ( p) Ma€eMo

(p)= 2 (i) - o)

AIUT(p)Z—Zz,BZUZF?\?Z(,Bé}p)"' qaz). (3.127)

DyHKIIIIO A:T(p) OTPUMaHO B HAOJMMKEHH1 OJHOIO MOJiHOMA. 3ayBakKHUMO, IO
HaBITh Y HAOJIMKEHHI OJHOTO TIOJIIHOMA B TOJIOBHOMY MopsiaKy 3a o HJIP ne mae xo-
o e cee soe ur
peKTHOro pe3ynbTaty st miei ynkmii. Jus Gyrkmii A (p) y TOJIOBHOMY TIOPSIZIKY

3a o OTPUMAHO TOYHUI PO3B’S30K.

3.3.3. ®yHkuii npu U, u,.
Lleit minposain npucesueno orpumantio ynkuiit Ay (P) y Teopii 36ypens 3a o

Ha OCHOBI TOYHHUX iHTerpaspbHux piBHAHB (3.100) 3ayBaxkumo, 110 Ha BiAMIHY BiJ
nepmoro Ta Apyroro piBHSHB 3 (3.100) sKi € cKaJIIpHUM Ta BEKTOPHUM PiBHAHHSIMHU
BiNoBiHO, TpeTe piBHAHHSA 3 (3.100) sike po3B’sA3yeThCs B IIbOMY MiAPO3ALTII, € PiB-
HSIHHSIM JUISL TEH30pa Apyroro panry. Tomy Horo, 3riiHO 3 pO3KJIa/JaHHsIM Ha HE3BIIHI
Ter3opu [175-177], HeoOXimHO po30UTH Ha PIBHSIHHS JJIs O€3CIIA0BOT YACTUHH Ta Pi-

BHSIHHS JUTs O -4acTuHM (1uB. po3BuHeHHs (3.96)). 3ayBaxumo, 1110 Ha OCHOBI MIPKY-
BaHb 00epTaipHOI iHBapianTHOCTI G ~ J,, .
V HOpSIAKY O PIBHSHHS U O€3CIiI0BOI YACTHHY ISl A= | Ma€ BUTISIL
uu(0) 0) _
\Nlp r ( )hnlpﬂ’ (3128)
3BIJIKM OJIpa3y MaeMo

w0 (B ) =0 (3.129

Jlns a= e aHanoriude piBHsIHHA € ToTOXHICTIO O= 0. Takuii )xe caMuii BUTIIS

1 . -1
BOHO MaTHMe€ JUlsl a= € B MOPSAKY O , AJId a=1i B HNOPSAKY O = BOHO 3 ypaxyBaH-

HAM OTpPUMAHHUX BHIIC pe3y.HBTaTiB Ma€ BUIJIA
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) (ﬂ )hmp/lu(o) _0, (3.130

3BIIKHA
““(1) (,B ) (3.13])

o - . .
Yy IOPAAKY O P1BHAHHA JJIA 6630J11,IIOB01 YaCTUHU Ma€ BUTJTISA

2Wepﬂ’510)hnlpAiuTr(ﬂg ep) =W e;( K Q nl) Auuégz (18‘9 ;p—'_

+27€’ Lrnﬁ%jd%i W, Wl Po— B Dol - ),

(3132
0 uu(2
Vvlpj'LE )h ( )(ﬂgip):

nip * ITr

3 apyroro piBHsHHS y (3.132)ompa3y MaeMo
() ( i ) (3.133

[IlykaeMo po3B’s30k nepinoro piBHsAHHS y (3.132)y BUTIsai po3BUHEHHS 3a T10-

muoMmamu CoHIHA:
0 (5e,) - S5 e ) 199
s>0

Ha ocHogi (3.133)mMaeMo Takuii MAaTpUUHUI BUIIISLT TIepIioro piBHsHHS B (3.132)

32/1(0) uu uu
(T (ke o0 - T W

ahnlp $/2 (,Bgep) B 0 hqlp iz(ﬂg ep)
P, op,

e Lm %[ d* p p{ ] W, W X

X{ pn pn} ( p p) ak,bs {hn|p§/2(ﬂg ap)' hnlpgzz(ﬂg b[)}ab' (3135)

Jlns mpocToTH 3HakaeMo po3B’ 30k piBHsSHHSA (3.135) y HaOMMKEeHHI OHOTO TO-

niHoma. s K=0 y piBusuHi (3.135)maemo

ZOASO)ne(meT) glg('l'or) lg('l(')r)\MO) - (3136)
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hnlp hnld

—re' Lmp* [ d* pd rﬁ( pr w,{ p— B D( P D,

o, R
3BIIKHU
uu(0) :§ ﬁz uu(O)(ﬂg ) 3 182
e0Tr 2 3_ 2\/—22’ Tr ep 2 3 2\/—22 (3137)

Sk 6aunmo, i Gynkuii Aj, ( ,Bgep) HJIP He nae KOPEeKTHOTO pe3ynbTaTy HaBITh

y HaOJIKEHHI OJHOTO TOJIHOMa Ta B TOJIOBHOMY MOPSIKY 32 o . Pesymprar (3.137)
BIJIpI3HAETHCS BiJl BiAMOBIAHOTO pe3ynbraty HJIP HasBHICTIO Ipyroro 10AaHKy B 3Ha-

MCHHHUKY.

1. . :
VY nopsiaky 0° piBHSHHS JJ1s1 O€3CII1I0BUX YACTUH MA€ IJI1 a= i BUTJIAJ

V\/.pﬂLEO)hnlp (3) (ﬂgip) =0, (3.1389

3BIJIKU
“(3) (ﬂ ) (3.139

. . 1

3ayBaxuMo, 10 Al a= € PIBHAHHA A 0€3CNIIOBUX YaCTHH y MOPSAAKax O Ta

BUILIC HEOOX1IHE I MOLIYKY “}Jr( ﬂgep) y OLIbII BHCOKHX NOpPSAKAX 32 o. Y Wii
po0OOTI 0OOMEKUMOCH 0OUMCIICHHSIM TOJIOBHOTO TIOPSIIKY.

2 . :
VY nopanky ¢ 11 a= i pIBHAHHA 175 O€3CI1I0BUX YaCTUH MA€ 3 ypaxyBaHHSAIM

OTPUMAHHUX BHUIIE PE3YyJIbTATIB TAKUNA BUTIISIA:

5/2 2
ZWplSO)hnlp uTl:(Ar)(IB‘C"Ip) ( ie nlp)() u#r(O)(ﬂgep) 2 SJ_-T-i\I_/rLi nIpr’ (3140)

[IlykaeMo po3B’A30K 1BOTO PIBHSHHSA Y BUIJISII PO3BUHEHHA 3a nojiiHomamu Co-

HiHa:
) (g, )= Zg,;“)sff *(Be,). (3.14)

Marpuunuii Burssia piBasaus (3.140):

64



322150) 2 uu uu
n(mT T e 2 g = oW, +

3J7k!

7/2
5 2 \/_ 72 LrL(an)s/zﬂ35m’ (3.142
3BIAKU B HAOJIMKEHHI OJHOIO MOJIIHOMA
1 \/_ 32
uu(4) uu(Oh A 7(0) 2 3| _
Oixrr 20/150)ni (m ) [geOTr WOeO z’¢e' LQ( I’QT) ,B j_
—-Z2gi00t + 2 A =220t 2 5149

Sk 6aunmo, HJIP He nae BipHOTO pe3ynbraTy s A ( P&, ) HaBITh Y TOJIOBHOMY

MOPSIZIKY 32 ¢ B HAOMMKEHHI OAHOTO mojiHoMa. Pe3ynbrar (3.143) Bigpi3HAETHCS Bix

BIJIMOBITHOTO pe3ynbTary aist HJIP HasBHICTIO Apyroro 10AaHKYy.

o . o .
[TepeiinemMo 10 AOCTIKEHHS § -4aCTUH. Y MOPSAKY O PIBHAHHS JUISL O -4aCTUH

MarOThb BHUI'JIAA

w20 R (o) st | - KAL),

WA |28 (s, )+ TS g, )| 0. (3144

PiBusinas (3.144) BunucaHi 3 ypaxyBaHHSM TOTO, 110 Ha ocHOBi (3.99) MoxHa

II0Ka3aTHu

Gy'@ =0. (3.14H5

Jpyre piBHsauHs 3 (3.144)Mae TOUHUI pO3B’I30K

uu(O) (ﬂ ) :_]g-rnezﬂgj/z(ﬂgip) ’ (3146)

AKuH, K 0auumo, 36iraetscs 3 HJIP; Ounbin TOro, BiH Y4y/0BO Y3TOMKYETHCS 3 T0JAT-
xoBuMH ymoBamu (3.101) Po3p’s30k niepiioro piBHsiHHS 3 (3.144)1ykaemMo y BUDIIST

PO3BUHEHHS 3a nojiiHoMaMu CoHiHA:
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AL (e ) = Zg WOSI(Be ). (3.147)

Cyma y (3.147) mounHaeThest 3 1, Tomy mo aoxatkoBi ymoBu (3.101)3anHynsarh
Koe(DiIieHT Mpu HYJIHOBOMY IMOJTIHOMI. 3ayBaKMMO, II0 BOHU TaKOX 33ayTh Koedi-
I[IEHT TIPH TMEPIIOMY IOJIHOMI, IPOTE HE3aICKHO BiJI HUX TaKUW caMUM KOeIIEHT
Oyzae Takox orpumano 3 piBHAHHSA (3.144)(nmuB. HIKYE). MaTpUYHUN BHUIJIST TIEPIIO-

ro piBusHHA 3 (3.144):

20270 —F£k+ jg(o) +mnBAYs5 , = Z g HE.. (3.148

u \/_ kl
JIsiss IpOCTOTH 3HaieMo po3B’si30k piBHsAHHA (3.148)y HaOMMKEHHI OIHOTO

OJIIHOMA.

3 (3.39) maemo, mo piBasHHS (3.148)€e TotoxwnicTio 1t k=0, a mig k=1 orpu-

MaeMo:
321,99 + mnpL? =0, (3.149
3BIJIKH
o __1 w(o) 1 2
Oos =3 M5+ AS (Bzop) =—§mQBSf/ (B o)- (3.150)

Pesynbrar (3.150)36iraerscs 3 HJIP Ta 4yq0BO y3roKyeTbes 3 J1OAaTKOBHMH

ymoBamu (3.101).

Tox s Gynxuiit A (P) maemo
uu __} /2 3 ﬂz
nl(p)_ SmPﬂS (ﬂgep)5nl 23 \/_22 + qa)

%(p)=2mz82(6e, )5, + Qo). (3159

Sk 0aunmo, O -4acTUHU B HAOJM>KEHHI OJJHOTO TIOJIIHOMA B TOJIOBHOMY IMOPSIIIKY
3a o 3anarThes HJIP; Ouibin Toro, BOHM MOBHICTIO 33JIal0THCS JTOJAATKOBUMH YMOBa-
mu (3.101). Tpore Ge3ciizoBi YaCTUHU BiApi3HAIOTHCS Bij pe3ynbrary HJIP HaBiTh y

rOJIOBHOMY MOPSIZIKY 32 ¢ Ta B HAOJIM>KEHHI OJTHOTO MOJIIHOMA.
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3naiinemo Takoxx yacoBi piBHsSHHSA [ICO B pamkax KBaJpaTudHOI TEOpii penakca-
wii. Jlnst mporo migcraBumo pesyibTata (3.114) (3.127)Ta (3.151) 10 (3.99). OTpuma-
€MO:
e Lnir
T5/2m;/2(4ﬁ + 3z)

¥ =16 w, +O(o),

4
L? =| a4J272%(z+ 1)&02+O(03) T2+(2?”%/1u(0)+0(6)j U (3152

TS/Z\/E

[TopiBHioroun pesynbrar (3.152)3 pesynbrarom (3.29) Ta NpUAHSBIIM 10 yBaru
3.34), 6ayuMo, 110 BHECKH BijJ KBaJpaTU4YHOI Teopii penakcalii yInoBiIbHIOIOTE IIPO-
p pil p y p

occ penaKcauﬁ TCMIICpATypHu Ta HIBI/II[KOCTi KOMIIOHCHT CUCTCMMU.

BucnoBku 10 po3ainy 3

Ha ocHoBi i7ei y3aranbHeHHS MeToy Yemnena—EHCKora, 3alpornoHOBaHOl B i
po6oTi, oTpuMaHo (YHKIIT PO3MOALTY KOMIOHEHT IMOBHICTIO 10HI30BaHOI €JIEKTPOH-
10HHOI JJBOKOMIIOHEHTHOI IJIa3MU B IPOCTOPOBO-OJHOPOAHOMY BUIAAKYy Ha OCHOBI
KIHETUYHOTO piBHSAHHSA JlaHaay B paMKkax JiHiiHOT Teopii penakcariiii. [Ipu uboMy Bij-
XWICHHSI TEMIIEpaTyp Ta IBUJKOCTEH KOMIIOHEHT BiJ] iX PIBHOBXXHUX 3HAUYEHb BBa-
KAIOTHCS MaJUMHU Ta BUBYAIOTHLCS JIMIIE JIHIMHI 32 BIAXWJICHHSIMU BHECKHU 10 QYHKIIIT
pPO3MO/LTYy KOMIIOHEHT Ta YaCOBUX PIBHSIHB JJI MapaMeTpiB CKOPOUYEHOIO Omucy. Y
IPOCTOPOBO-OTHOPITHOMY BUIQJIKYy MapaMeTpaMu CKOPOUEHOTO OMHUCY CUCTEMH € Bi-
JTXWICHHSI TEMIIEPATypH Ta IIBUIKOCTI €JIEKTPOHIB BiJ iX PIBHOBAXKHUX 3HauyeHb. [1o-
Ka3aHo, IO BIIXWJIEHHS TEMIIEpaTypy Ta IMIBUIKOCTI 10HIB MOXYTh OyTH BHUpaXeHI B
TEepMiHAX BIIXUJIEHBb €IEKTPOHHOT TeMIepaTypu Ta mBUAKOCTI. [loka3zaHo, 1m0 mupo-
KO BXXKMBAHE B JIITEpaTypi HAOJIMKEHHS JIOKAJIbHOI PIBHOBATU € pO3B’sI3KOM JUIsl (DyHK-
[1{ PO3MOTYy KOMIOHEHT TIJIbKU B TOJIOBHOMY MOPSJIKY 32 MaJIUM BiJTHOLIEHHSIM Mac
eJIeKTpOoHa Ta 10Ha. OTpUMaHO MOMPaBKH J0 pe3yJbTaTiB HAOIMKEHHS JIOKAJIBHOI PiB-

HOBAarv OUIbII BUCOKOTO MOPSAJKY 3a BIJHOIIEHHSM Mac. OTpMMaHO 4acu pesakcanii
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HIBUAKOCTI Ta TemnepaTypu. JloBeeHO N0AaTHICTh YaciB perakcalii 6e3 0e3mocepen-
HBOTO OOUYMCIEHHS iX y Teopii 30ypenb. [lokazaHo, 1110 TOJOBHUI MOPSIIOK YaciB pe-
JaKcarii 3a MaJuM BIJHOIICHHSIM Mac 301ra€ThCs 3 BIIOMUMH Pe3yJIibTaTaMH Ha OCHOBI1
HAOJIMKEHHsI JIOKAJbHOI PIBHOBArv, MpoTe OTPUMaHI MOMPABKU JO PE3yJIbTaTiB Ha-
OJIMDKEHHS JIOKAJIBHOT piBHOBAru il (DYHKINHA pO3MOLTY KOMIIOHEHT CYTTEBO BILIH-
BaIOTh HA YacH pejlaKcallii B OUIBII BUCOKMX MOPsIKax (BHECKH Bij MOMPABOK YHCEIIb-
HO € OUTBIIMMH 32 BIAMOBIAHI WIEHH, OOYHCIIEH] TIJIbKY 3 BUKOPUCTAHHSAM HaOIMKEH-
HS JIOKaJIbHOT PIBHOBAru). 3p0o3yMiJio, 1[0 OTPUMaHi BHECKH BiJl HAOIMIKCHHS JIOKAJIb-
HOT pIBHOBAru J0 4aciB peyakcarlii 30iraroThCs 3 BIIOMUMU B JIITEpaTypi pe3ysbTrara-
MU. 3ayBaKUMO, 1110 B JIIHIIAHIN Teopli penakcanii HaOIMKEeHHsI JIOKaJbHOI pIBHOBAaru
(bakTHUHO € HAOJIMKEHHSAM OJHOTO TOJIIHOMA B PO3B’A3KY KIHETUYHOTO piBHSIHHS Jla-
H7Ay Ta MOBHICTIO 33Ja€ThCA OJaTKOBUMH yMOBaMH, TOOTO O3HAUYEHHSMHU MapameT-
P1B CKOPOUEHOT'O OMHICY CUCTEMH B T€pMiHAX (DYHKIIIHM pO3MOALTY KOMIIOHEHT.

Takox Ha OCHOBI 171€i y3araibHeHHs MeTtony YemneHna—EHckora, 3anmponoHoBa-
HOI B IMCepTallii, pO3IJISIHYTO KBAJIpaTUYHY TEOPIIO pesakcalii, ToOTO 3HailIeHO KBa-
JpaTUYHI 32 MaJIMMHU BIIXUJICHHSIMH BHECKHU /10 (PYHKIIIM pO3MOA1Ty KOMIIOHEHT Ta Ya-
COBUX PIBHSIHb JJI IAPAMETPIB CKOPOUEHOTO onucy. L{i BHECKH 3HAMIEHO B TOJIOBHO-
My HaOJMKEHHI 3a BigHOmIeHHSM Mac. [lokazaHo, 1m0, B3arajai KakKydd, HaOJIM>KCHHS
JIOKaJIbHOI PIBHOBAru HE € PO3B’SI3KOM KIHETUYHOTO PIBHSAHHA JlaHIay B paMKax KBa-
paTUYHOI Teopii penakcalii HaBiTh y HAOJMKEHHI OJHOTO MoJiiHOMAa. BcTaHoBIEHO,
110 HaBITh Y HAOIMKEHHI OJHOTO MOJIIHOMA HaOJIMKEHHS JOKaJbHOI PIBHOBAru € Bip-
HUM PO3B’A3KOM JIMIIe JUIsl (DyHKIIT TPU KBaApaTi BIAXUIECHHS TEMIEPATYPH €IEKTPO-
HIB Bij ii pIBHOBa)XXHOro 3HayeHHd. [lokazaHo, 110 KBaJpaTU4YHI BHECKHU JO YACOBUX
PIBHSIHB JIJIS1 TApAMETPiB CKOPOUYEHOTO OMUCY YHOBUIHHIOIOTH MPOIECH pelaKcallli Te-

MIIepaTypy Ta MIBUAKOCTI.

PesynbraTi po3ainy 3 omy0sikoBano B pobortax [11, 12, 27-34, 18, 19, 23, 47].
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PO3JILI 4
TIIPOJMHAMIKA TLTA3ZMHU
3 VPAXYBAHHSIM PEJIAKCAIIIVTHUAX MMPOIECIB

Ieit po3/1a MPUCBAYEHO JOCTIKEHHIO BIUTMBY peaKcallliHUX IPoIIeciB Ha Ti-
ponuvHaMiKy miiasMu. Po3riin 6a3yeTbcs Ha i€l y3arajdbHEeHHs MeTony YemmeHa—
Enckora, 3ampomnoHoBaHoi B ApyroMmy posaui. Haramaemo, 1mo TepMmiH «penakcaris
PO3YMIETHCS B pOOOTI SIK MPOILIEC, SKUM MOYKE MaTH MICIle B MPOCTOPOBO-OHOPIAHIN
cuctemi. OCHOBHY yBary B I[bOMY pO31iTi Oy/ie MPUIIICHO MOIIYKY KIHETUYHUX KOe-
¢imienTiB cucteMu. Ha BigMiHy Bij] ONEepeaHbOTO PO3JLTY, Y IIbOMY PO3JUII BUBYA-
IOTHCS IIPOCTOPOBO-HEOMHOPIIHI CTaHU ccTeMH. SIK 3a3HaueHO y [51], HalOIbII PO3-
BUHYTOIO TEOPI€IO0 HA [N Yac € Teopis, sika MoOyJoBaHa HAa OCHOBI PiBHSIHHS boubll-
MaHa, Xx0ua BOHA Ma€ Takl OOMEKEHHs: 1i MOKHa 3aCTOCOBYBATH ISl PO3PIIKEHOTO
rasy, SKIIO TPaJiiEHTH B cHCcTeMl Majl. ['ipoauHaMika Tuia3MH B Il poOOTI J0CITi-

JDKYETHCSl HA OCHOBI KiIHETHYHOTO piBHSHHS Jlannay [4]

of, of ,
p+&_p:|ap(f)’ (4.1)
o m, 0x,
ae Iap(f) — i”terpan 3itkHeHb Jlanmay (3.3). Y mopiBHSHHI 3 MPOCTOPOBO-

OJHOPIAHUM BHIMAIKOM (3.2), B IPOCTOPOBO-HEOHOPITHOMY 3’ SIBIIAETHCS APYTUH J10-
JAHOK Y JIIBIMA YacTHUHI. 3ayBakKMMO, 110 KIHETHUYHE piBHSAHHA JlaHmay oTpuMaHO Ha
OCHOBI KIHETUYHOTO piBHSHHS BonbiiMaHa 3 ypaxyBaHHSIM OCOOJIMBOCTEHN KYyJIOHIBCh-
Koi B3aemoii [4]. [Tna3my yacTo po3risgaroTh Ha OCHOBI KIHETHYHOTO PiBHSIHHS JIaH-
nay—Bnacosa [147, 146], ske MICTUTh TaKOX 1 caMOy3roJuKeHui wieH. Llel dieH €
AyXKe BOXIUBUM I TOCTiKeHHS MoA tuiasmu [146, 150, 151] Ilporte, sik Bigomo
[147], camOy3ro/kKeHUI YiICH HE BILIMBAE Ha KIHETUYHI KOe]ilieHTH cuctemu. Tomy
JOCIIKEHHSI KIHETUYHUX KOE(IIIEHTIB TIa3MHU OCHOBAaHE CaMe Ha KIHETHYHOMY PiB-
usuHi Jlangay [124, 83]. JlocmipkeHHs MO CHCTEMH 3 YpaxXyBaHHSIM CaMOY3TOIKEHO-

r'o 4JeHy HaBEJICHO B HACTYITHOMY PO3JIUII JUCEpTAallii.
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Sx Bigomo [50], rosoBHOO ie€r0 Oyab-sIKOI TEOpii MPOIECIB MEPEHOCY € ines
CKOpOYeHOTro onucy. Jlye BaxKJIMBOIO 3a/1a4€I0 Cy4aCHOI CTATUCTUYHOI (PI3UKHU € y3a-
ranbHeHHs Metony Uemmnena—Enckora [112], ns 3am1a4a € akTyaJbHOIO U Ui JOCIi-
JDKEHB SIK cNTaOKo, Tak 1 CHJIBHO HEPIBHOBAXKHUX CHUCTEeM. Y IIiil poboTi metoa Yemrie-
Ha—EHCKOra po3rismgaeThcst B paMKax Teopii ckopoueHoro onucy boromo6osa [1]. Sk
Bigomo [148, 10], cranmaptauii Mmeton Yemmnena—EHCKOra 3aCTOCOBYETHCS 10 OIHKCY
CTaHIapPTHOTO T1IPOAMHAMIYHOTO CTaHY KOMIOHEHT. Y CTaHJapTHOMY TiIpOAMHAMIY-
HOMY CTaH1 CUCTEMa OIMUCYETHCS T'YCTUHAMHM KOMITOHEHT, & TaKOXK MAaCOBOIO MIBUIKIC-
TI0 ¥ oxHiero Temmneparyporo [113]. Tlpu 1boMy B 9aCOBHX PIBHSHHSX IMX ITapameT-
piB  BIACYTHI MPOCTOPOBO-OAHOPIAHI YJIEHU. Y3arajgbHEeHHA Merony Yemnena—
Enckora, sike mpornoHyeTbest B po6oTi, 0a3yeThes Ha 30ubieHH] yncia [1CO: po3ris-
JAETHCS pellaKcallisi TEMIEepaTypu Ta MBUAKOCTI KOMIOHEHT JO 1X TiAPOJUHAMIYHUX
3HaueHb, Ta JoaaTkoBuMu [1CO BBaxaroThCs BIIXUICHHS TEMIEPATyp Ta MIBUIKOCTEN
KOMITOHEHT BIJ] X 3HAY€Hb B PaMKax CTaHAAPTHOI TipoauHaMikud. OCKUIBKH 11l MPO-
1IECH PO3MIISAAAIOTHCS B pOOOTI OIS TX 3aBEpIICHHS, BUILIE3raaH] BIIXUJICHHS BBaXa-
I0ThCSI MaJTUMU. 3ayBakKMMO, 1110 Taki iJ1ei y3aransHeHHs MeTtony Yemnena—EHckora B
Hall yac BIJIOMI He Juuie y (13Ul IJIa3MHy, ajie ¥ y 1HIIHUX rany3sx (pi3uKu: Teopii mno-
asipona [8, 2, 139, 138], kiHeTHili (pOTOHIB Y PIBHOBaXKHOMY IJIa3MOBOMY CEPEIOBHIIII
[140, 141] roro.

Teopis, sika mOOyJ0BaHA B IbOMY PO3/IUJI, MICTUTh JBa Maji mapaMeTpu — Mall
BIJIXWJICHHSI IIBUJIKOCTEH 1 TEMIIepaTyp KOMIIOHEHT BiJl iX T1IPOJWHAMIYHUX 3HAYCHB
Ta MaJli TPaJiiEHTH. 3ayBaKUMO, IO PsJT CydacHUX gociipkeHb [126-130, 84] npucss-
YEeHO TIOIIYKYy IMOTOKIB Ta KIHETUYHHMX KOE(IUIEHTIB IUIa3MU Yy BHUIAAKY HeE
000B’s13K0BO MasIuX TpajieHTiB. [IpoTe Bci i pobOTH, SK 1 MPUCBSIYCHI BUTIATKY MATHX
rpaieHTIB moHepchKi poboTu bparincekoro [124, 83], ocHoBani mHa HJIP Ta He Bpa-
XOBYIOTh peJlaKkcalliiHi BHECKHU /10 MOTOKIB. Tomy, HE3BaXxaro4uu Ha Te, 1110 L podoTa
MPUCBAYEHA BUNIAJKY MaJluX TPAJI€HTIB, BOHA € aKTyaJbHOIO, 00 B HIl TOCIIIKYIOTh-
Csl peJlaKcalliifHi MOMPaBKH 0 MOTOKIB Ta KIHETUUHUX KOE(DIIIEHTIB CTAHIAPTHOIO Ti-
JIpOAUHAMIYHOTO cTaHy cuctemu. OTprMaHi B poOOTI TOYHI IHTErpabHI PIBHIHHS IS

OPK wmictars nonpasku no HJIP, orpumani B nmonepeaHboMy po3fiii, # TOMYy BOHHU
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J03BOJISIOTH KOpeKkTHO oTpuMmyBatu OPK He nuiie B roJoBHOMY, aje il y O1IbIl BUCO-

KHUX MOPSAJIKax 32 o .

4.1. ITapaMeTpH CKOPOYEHOr0 ONKCY Ta 0a30Bi PiBHAHHA TeoPil

[TounHarouu 3 mioHepchbkux pooiT bparincekoro [124, 83], B sikocti [ICO cucre-
MU BHOMpPAIOTh Takl NapaMeTpH: T'YCTUHU KIJIbKOCTI YACTUHOK KOMIIOHEHT N, MIBUJ-
KOCT1 KOMIIOHEHT U,, Ta TEMIIEPATYpU KOMIIOHEHT T,; CTaHAapTHE O3HAYEHHS LIUX Be-
mnunH y Tepminax @PK nanano B (3.4). MacoBa mBUIKICTh U, Ta TeMiepaTypa T, 110

€ TIapaMeTpaMH CKOPOYEHOT0 OMHCY B CTAHJAPTHOMY TiJPOAMHAMIYHOMY CTaHI CHC-
TeMu, 3a1ai0Thess B TepMinax @PK [113] cranmaptaumu o3HaueHHsmu (3.5). 3ayBa-
’KUMO, 110 B CTAHJAPTHOMY T1POAMHAMIYHOMY CTaH1 CUCTEMHM IIBUIKOCTI KOMIIOHEHT
BiJIPI3HSFOTHCS BiJl MACOBOI MIBUAKOCTI Ha audy3iiiHmii motik [113]:
h _ 1 oh oh
Uan_Un+ 7T ans zﬂ-an :O’ (42)
rnana a
7ie BEpXHiil iHIeKC h 03Hauae, Mo BeTUYMHA B3STa B CTAHAAPTHOMY TipOJIUHAMIYHO-

My CTaH1 CHCTEMH, a BEpXHill 1HJIEKC O O3HAayae, 10 BEJIMYMHA B3sATa B CUCTEMI BIJIJIi-

Ky v, =0. Benuuuan 72" HaszBaHi AUQY3iHHEME TOTOKaMHU, 60 BOHH OMUCYIOTh JIH-

. . h o o
dysiro B cuctemi. MoxHa MOKas3atu, Mo 7,, ~ g, 1 § — MaJIuii mapamerp, sIKUi OIH-

Cye TpazieHTu (quB. oro o3HaueHHs Hkue). [llomo TemMnepaTtyp KOMIIOHEHT y CTaH-

JapTHOMY T1IPOJAMHAMIYHOMY CTaH1, TO MO>KHA TTOKa3aTH 110
T =T+0(¢), (4.3)
7ie morpaBka mopsaky g° y (4.3) 3anexuts mume Big IICO cTaHAapTHOTO TigpoauHa-

MidyHOTO cTaHy. Bupasu (4.2) ta (4.3) MokHA OTpUMATH HAa OCHOBI mepeTBopeHHs [ a-

Jines 3 1abopaTopHOi CUCTEMHU BIIJIIKY B CUCTEMY BIAJIIKY, Ae v, = 0.

3ayBa)XUMO, 1110 B I[iil poOOTI PO3IISAAETHCS T1IPOJIMHAMIKA B TIOPSAIKY MaloOCTI
He Ginplne 32 §', TOMy KBaApaTHUHHII 3a TpajicHTaMu 10AaHOK y (4.3) He 6yne neTa-
JBHO PO3IIIANATUCH Y poOoTi. Jlyis TOro 100 OTpUMAaTH KOPEKTHI BUPaA3H JIsl TOTOKIB

ta ®PK y pamkax HabmmkenHs baprerta (To6TO B IOpsaky g°), HEOOXiTHO BPaxoBy-
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BaTH HEJIOKAIBHICTh iHTerpaiy 3iTkHeHb [139], a inTerpan 3itkHeHs Jlannay, sk Bigo-
Mo, € JiokanbHUM [9]. Hanmpukiaz, BijjoMe DOCHTIIKEHHST HEJIOKAIBHOCTI IHTErpairy 3i-
TKHEHb y paMmkax Teopii nojsipona [89, 90]. locimkeHHs BIUIMBY peakcallii B paM-
Kax HaOmmxeHHs bapHeTTa mutanyeTbes 3700yBaueM y HOro MOAANBIINX JOCIIIKEH-
HSIX.

BBenemo Maii BIAXWIICHHS IIBUIKOCTI Ta TEMIIEpAaTypH €JIEKTPOHIB Bij iX CTaH-
JapTHUX TIAPOJAMHAMIYHUX 3HAYEHB:
r=T,-T.. (4.4)

_ h
U, = Uy, — Uy

Ha ocnosi (3.4), (3.5), (4.2)— (4.4)mosxHa OTpUMAaTH

Uin :Uirrl _%un’
mn
ne rnene rr.|ene 2 2 oh mene
S LT ] _ < 11 e
, " T an ( + mm]u snunﬁen[ + minj+ o o), (4.5)

JI€ TIONPaBKa O( gz) 3anexuTh auuie B [ICO cranmapTHOro riApoAMHAMIYHOTO CTa-

Hy. 3ayBaxxumo, mo Bupasu (4.5) nepexonsats y (3.11) y mpocTopoBo-01HOPIAHOMY
Bunanaky. 3 (4.5) 6aunmo, 1110 i0HHA TeMIlepaTypa Ta IMIBHIKICTh MOXYTh OyTH BUpa-
’KEH1 B TEpMIHaxX mapamerpis N, v,, T, U, 7. Te, mo enexTpoHHa TemmepaTypa Ta
HIBUJIKICTh BUPAXAIOTHCS B TEPMiHAX IMX MapameTpiB, oueBuaHO 3 (4.4) Tomy came

Takuil HaO1p mapameTpiB MokHa BUOpaTH B sikocTi [ICO cuctemu:
EL(xt)=n;(xt), & (xt)=v,(xt), &(xt)=T(xt),
S (X D) =U,(X1),  &o(xt)=7(x1). (4.6)

Ha ocHoBi kiHeTn4HOro piBHsHHSA (4.1) Ta o3HaueHsb (3.4), (3.5) MokHA OTpUMATH TaKi

PIBHSIHHS TiipoarHaMiku (ToOTo yacoBi piBHsSHHSA 1151 [TICO):

on, 10m,, Oy, _ 1 Uaﬂ,_étn,

ot m oox, ot mn+mn( "ox 0x)
M__ 2 [ %, Sry 10, Oty 1,07
ot 3(n+n)l ox, 2 FTm ox ox 2 OX,
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aun _ &n + 1 a7Z-el _ atenI _ aUr:en

v :
ot mn, mnl "ox 00X ot (4.7)
0t _2AQ%-Rpe) 2 ( 00 3T, 07y Oty U074 0T
ot 3n, 3n ox, 2m ox, ox o 20x,) ot’

1e Jokepena 3aaaHi B (3.7) a HOTOKHW 3a 03HAYCHHSAMH 331al0Thes B TepMinax OPK:
_ Pn _ Pn
tanl =Id3 pﬁ R 1:ap’ qan=jd3 pﬁgap fap’ 1:nl EZ:tanl O, EZ:qan’ (48)

t,, Ta ,, — HOTIK IMIIyJIbCY Ta €Heprii a-i1 KOMIIOHEHTH BiAIOBIIHO.

Sk Gaummo, nMIIe PIBHSHHS JUIsl U,, 7 MICTSITh BHECKH, IO B IPOCTOPOBO-
OJIHOPITHOMY BHUIIAJIKy BIIMiHHI BiJl HyJs, yacoBi piBHsHHS [ICO ctangaptHOro Tif-
POIMHAMIYHOIO CTaHy TaKUX BHECKIB HE MICTATh. Lle po3kpuBae 3micT Ppasu, Mo Te-
PMIH «penakcailiss» B poOOTI BKUTO y By3bKOMY CEHCI SIK TIPOLIEC, SIKUHA MOXKE MaTu
MICIIE€ B IPOCTOPOBO-OIHOPIHINA cucTeMi. Y poOOTI TOCTIIKYETHCS TIPOIIEC pellaKca-
11i CUCTEMH [0 11 CTaHAAPTHOIO TIPOJMHAMIYHOTO CTaHy, TOOTO TaKuil MpoLeC, SIKUn
MO’K€ TPOXOJUTH y MPOCTOPOBO-OAHOPIAHOMY BUNAAKY. IIpu npomy penakcaiiiHi
MPOLIECH JOCIIKYIOThCS OISl iX 3aBepLICHHS. 3ayBa)KMMO, IO OTPUMaHl1 pIBHSHHS
rigpoauHaMiku (4.7) nepexoasts y piBHsAHHS (3.6) 11 MPOCTOPOBO-OHOPITHOI CHC-
TeMU. Y TPOCTOpoBO-oiHOpinHOMY Bumnaaky [ICO cTangapTHOTO TiIpOJIUHAMIYHOTO
CTaHy € MOCTIMHUMU PIBHOBRXHUMHU MapaMeTpaMu CUCTEMH Ta pernakcauis Hiae 1o pi-
BHOB@)XHOT'O, a HE JI0 CTAHJAAPTHOI'O T1IPOJIMHAMIYHOTO CTaHy CUCTEMH.

Po3BunyTa B poOOTI Teopis MICTUTH JABa Majl mapaMmerpu. [lepmmii 3 HUX — 1€

BBEJICHUI Y MONEpeIHbOMY PO3JAUII Maluil mapaMmeTp sz, 3a SIKUM OILIHIOIOTHCS Mall
Biaxunenas U, r (muB. (3.10)). €auna BigminzicTh Bif (3.10) nomsrae y diznuHomy
3MICTI mapaMeTpiB U,, 7. Telmep BOHU € BIAXWICHHSAMHM IIBUIKOCTI Ta TeMIepaTypu

€JICKTPOHIB BiJ X CTAaHAAPTHHX TiIPOJMHAMIYHUX 3HAYCHB, & HE BIIXWICHHIMU IIIBU-
JIKOCTI Ta TEMIEpaTypu EJEKTPOHIB BIJ PIBHOBAXHUX 3HAYEHb Yy MPOCTOPOBO-

OJIHOPIAHOMY BUNAAKY. pyruii manuii napameTp ¢ ONMHMCy€e Malli TPAJIEHTU B CUCTE-

MI:
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0° s %6, s
5 851_66 —9 3 aélja THY
X, 0%, .. 0%, X, 0%, .- 0%,

(4.9)

Tako 10AaTKOBO BPaXOBYETHCS MAJIUN APAMETP O .

B ocHOBI po3risaay nexuTh ifes GpyHKIioHaNIbHOI rinmoTe3n boromobdosa [174, 9]:
Fo () — fo(x.61)): £={8,}, @=1,2,...1(, (4.10)
T, — ACAKUHN XapaKTepHHUH Yac, 7, K 7, < 7. 3rigHo 3 (4.10), nepenumemo KiHeTHIHE

piBusHHS Jlannay (4.1):

3 §fap(x"§) X' +&afap(x’§): X
2l ey ) = = =Tl (0)
afa(Xt) (4.11)

e (60)= =5

VY nojansiiomy 1€ piBHSHHS pO3B’A3Y€THCS 3a aJITOPUTMOM, SIKUM CXOKHM Ha all-
TOPUTM 13 MONEPEAHBOTO PO3JLITY, IPOTE Ha BIIMIHY BiJ MONEPEIHBOrO PO3ILTY, A€
3aCTOCOBYBajach Teopis 30ypeHb 3a 4, Y LIbOMY PO3JLIlI MaeMO TEOpito 30ypeHb 3a
JBOMa MaJluMu napamerpamu: g Ta (. [ns Oyab-axoi Bennuunu U Hajgam OyayTh

3aCTOCOBaHI TakKl MO3HAYECHHS:
u™ - mg", U~ (4.12)

JlonatkoBumu ymoBamu 10 piBHsHHSA (4.11) € o3nadyenns [1CO B tepminax ®PK,

ki € Hacniaxamu (3.4), (3.5), (4.2)-(4.4):
n, = [d®pf,, vngnar%gf d* pp, .y,
gTza:na + —;uzza: mn, = Za:j & pf.s .
nm(u,+v,)+ nmg%= d pp,f.,
gne(T+r)+%(u2 +0% + 24, )+ za (U, +0,) + gz):f ¢ pis .,

nmy, -mny-za=[ & pp f, w19
413
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mn

3 3 1
SAT-one-omnd - (y+o)rg+ =0’ - mw = [ 4 pig

Bubip noninomiB Conina ans OPK, sxi I[OCJ'IiI[)KyIOTBC}I B LIbOMY pO37iJii, 00Tpy-
HTOBaHUU JIBOMa KPUTEPISIMU:

1) jmekiTbKa MEpmUX KOE(MIIEHTIB MPH IMOJIHOMAaX 3aal0ThCS JTOAATKOBHMHU
yMOBamy,

2) MOTOKH BHPAXAIOTHCSA B TEPMiHAX JCKUIBKOX MEPIIUX KOCOIIIEHTIB IIPH I10-
JiHOMAX (3ayBa)XKMMO, 10 KUTBKICTh THX KOE(IIIEHTIB, Yepe3 sIKI BUPAKAIOTHCA MOTO-
KM, HE 000B’A3KOBO 301Ta€ThCs 3 KUIBKICTIO THX KOE(IIIEHTIB, sIK1 3a7al0ThCS TOAaT-
KOBUMH YMOBAMH).

1 . .
OueuaHO, WO B nopanky x#°g" poss’s3kom piBHsAHHA (4.11) € MaKkcBeniBChKa

@P 3 rigpogunamiyaumu [1CO:

FO0=w, (4.14)

ne Gynkuis W, 3anana B (3.16). @ynkuis (4.14) obeprae pisusanns (4.11) y mopsuky

1°g" y Totoxmicts 0=0 Ta 3am0BonbHsAE n0aaTKOBI ymMoBH (4.13) y mopsaxy u°g’.
HactynHi miapo3ainu uporo po3aury npucssyeHi nomyky @PK y Oiibm BUCOKHX MO-

psaaKax 3a g Ta g.

4.2. CraniapTHa riipoanHamMika

Le#t miaposain npucBsueHo 3HaxoxeHH0o @PK Ta moTokiB y pamkax cTanmaprt-

HOI TifpoauHaMiky, TO6TO B mopanky x°Qg*, TOMy IO, K BKe MiAKPECTIeHO paHille,

HaOmkeHHs bapuerta B it poOoTi He po3risgaeThes. OyHKINT fa(;? Y mrykaemo y
BUTJISAII
oT 0 o ov,
fa(p?'l):Wap Agn(p)_“'zAl\;bn(p)_no'*‘A an(p) (4.15)
oX, % OX, oX, s pmo

JlonatkoBUMHU yMOBaMu JUtsl (DyHKITiH fa(s Y e mepmi Tpu Bupasu 3 (4.13); ma

OTPUMaHHUX HWX4Ye (QYHKITIH fa(g Y immi Bupasu 3 (4.13) BUKOHAIOTECS aBTOMATHYHO.
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Jlnst koxxkHOi yacTuHU 3 (4.15) MOXHa OTpUMATH Taki TOYHI iHTETpalbHI PIBHSHHS Ha

ocHosi (4.11):

mn.+mn mn

Z KacAL\lr? ( L - : 5ab} )

ZKac Cn P, (3+w j ZKac cnI :_ﬁ_ (4.16)
maT 2 mn,+ mn m, T

Piusinas (4.16) 3ammcani B cucremi Bimniky v, =0. 3 mipkyBaHb o0epTanbHOI

IHBapiaHTHOCTI Ta 31 CTPYKTYpH piBHSAHB (4.16) MaeMo
v (P)= Py AR (B o) AL(P)=PuAL(Be o) An(P)=hypA (B ),
AY (Bew) = 2 00"SY (Be of s A (Bewp) = 2 007SY (B o).

A (o) - Z oS e ). @1

n,s>0

JlonatkoBi ymoBH (4.13) Hakmagar0Th Taki 0OMEKEHHs Ha KOSQIIIEHTH TPU T10-

JIITHOMAX .

T(m m+2
mnda” + mn '™ =0, mn,gg” + mnd™? =0 (4.18)
3ayBa)XMMO, 10 B HACTyMHUUX IYHKTaX pPO3IJSA BEIAEThCS B CUCTEMI BIIJIIKY

v, =0.

4.2.1. ®yukuii npu rpagieHTi TeMnepaTypu
VY ronoBHOMY MOPSAAKY 3a ¢ PIBHSHHS I QYHKIIT IPHU TPaIi€HT] TEMIEepaTypu

Ma€ BUTIIA

P, %{ﬂsep - g} =—(Rop) AL (e )~(K p ) AO(Be ),

(Kii D )(0) A‘T(O) (ﬂ‘c"lp ): 0. (4.19
VY marpuuHiit popmi apyre piBHsHHS B (4.19) Mae Burisia
Z 95 Gis =0. (4.20)

Cyma y (4.20) mounHaeTbes 3 1, ToMy 1110
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GiY =Gl =0. (4.21)

10js

Cuctema piBasiHb (4.20) € CHCTEMOIO 3 TPUBIAIBHUM PO3B’SI3KOM. 3 JT0AaTKOBUX

ymoB (4.18) maemo giTO(O) =0. Tomy
A (pe,)=0. (4.22)

3 (4.22) maemo, 110 niepiie piBHAHHA B (4.19) Mae TaKkuii BUTJISII:
B 3 _ Y, © 10
an lBgep_E __(Keep n) Ae (138 e;)' (423)
MaTpuyHUil BUTJIS IHOTO PIBHSIHHS:

15
3r]eé‘ko - E ne§I6. = _z ngO) G(glz es (4 24)
>0

PiBHsiHHs (4.24) po3B’sbKeMO B HAONMKCHHI TPHOX IMOJIIHOMIB, 100 Pe3yJbTaTH
JUIsI KIHETUYHUX KOE(IUIEHTIB 30iraucs 3 pe3yibTaTaMu bpariHchKoro (feTasibHille
Mpo 1€ AMB. HUXKYE). SIBHI BUpa3u AJIA caMUX KOE(ILIEHTIB MPU MOJIHOMAX € JIOCUTh
IPOMI3JIKUMH, TOMY HaJamo JEsKi X YMCIIOBI 3HaueHHs (3HAYEHHs HaJaHi 3 ypaxy-

BAHHSIM €JIEKTPOHEUTPAIBHOCTI IIJIa3MH):

Ta6muns 1. 3Hadenns koediuientis npu noninomax y dynxuii Al © ( ﬁgep)

z glé“-nie“u/% g&“-ne“g/% g5 - né %

1 -0,998 0,662 -0,157
2 -0,331 0,266 -0,076
3 -0,169 0,15 -0,047
4 -0,104 0,097 -0,032

VY nepuomy NopsiiKy 3a o PIBHAHHS JUIsl PYHKIIH pO3MOALITY IPHU TPaJII€HTI Te-

MIIEpATypU Ma€ Ui a= | TAKUU BUTIISAL:

P %{ﬁgip -3- &} } _( IZie pn)(l) A (:8‘9 ep) B ( K iP ”)(0) A (ﬂg ip) ' (4.25)

MaTpudHHii BUTTIS LILOTO PIBHSHHS:
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15 2
- N =350 = Z e Glees— 2, 9 G (4.26)
1

Cyma B ipyroMy J0AaHKy y (4.26) mounHaerses 3 1 BHacninok (4.21). ns a=e
npyre piBHsHHS 3 (4.16) y mopsaky O J03BOJSAE OTPUMATH (YHKIIIO Al ( ﬂgep) y
NepIIoMy MOPSJIKY 38 o, IPOTE B 11K poOOTI 0OMEKUMOCH TOJIOBHUM TOpsaKoM. Jliis
k =0 piBusinHs (4.26) 36iraetbes 3 piBHSHHEAM (4.24) nis K=0. s kK>1 3 piBHSIHHS
(4.26) moxna otpumaru ¢dynkuito A'Y ( pe, ) 3ayBaXUMO, IO JOJIaTKOBI YMOBHU

(4.13) zanynats koedimient g .

Tabmuns 2. 3Hadenns koedilientis npu nominomax y ¢pyskmii A ( P&, )

Z gp - ne“h/% g - ne“h/%

1 -0,661 0,176
2 -0,041 0,011
3 -0,008 0,002
4 -0,0025 0,0007

Toxx MaeMo Taki pe3ynbTatu s QYHKIIIH PU TPATIEHTI TEMIIEpaTypH:

AL(P)=py( 057 + 97 F (e o) + 4 (e )+ Qo)
A (p)=p. (9" S*(Be, )+ .2 S8z, )+ Qo).

Yucnosi 3HaueHHs KoedimieHTiB y (4.27) HanaHi B Tabnumsx 1 ta 2.

4.2.2. OyHKUil NpH rpagi€eHTi 'YyCTHHH eJIeKTPOHIB
Jlnst b= e nepme piBmsiams B (4.16) y mopsiaky O Mae BUITISIA

1 n n
P, n, = _( Keepn)(O) AI;IE(O) (ﬂg ep) _(K &4 9(0) ANie(O)(lBg i;) ,
m (4.28)

(Kom)” A% (e, ) =0
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Hpyre piBHsiHHA B (4.28) aHAIOTIYHO BUKIAAKAM i3 MOMEPEIHBOTO MiAPO3ILITY

JacThb
A% ( Bz, )=0. (4.29)
Toni nepme piBHsHHS 3 (4.28) HaOy e BUTISITY
P, ﬁ =—(Ke.p n)(o) A¥O(Be . (4.30)
MaTpuyHUl BUTJIS IHOTO PIBHSIHHS:
360 =—D. 9 ”GY.. (4.31)

Po3B’s130K 11ykaemo B HaOMMKEHHI TPHOX MOJIHOMIB, 00 PE3yNbTaTH ISl KiHe-
TUYHUX KOE(IIEHTIB 301iraucs 3 pesynbraTamu bparincbkoro. SIBH1 BUpasu JUisl Koe-
(III€HTIB MPU MOJIHOMAX JOCUTh TPOMI3JIKI, TOMY HaJaMo JIesKi X YMCIIOBI 3HAYCH-

HA:

Tabnuns 3. 3HaueHHs KoeilleHTIB IPU MoJIHOMAaX Y QYHKIIT A%Ne(o) ( ﬂgep)

. wo €L m gNe(O),eLll—ﬂ2 /ﬂ no €L /ﬂ
0 T NT . T ANT ¢ T NT

1 -0,583 0,166 0,019
2 -0,087 0,031 0,0012
3 -0,028 0,011 -0,000072
4 -0,012 0,005 -0,00019

V nopsiaky o mepire piBrstHES 3 (4.16) 11 b= e 3 ypaxyBaHHAM Bke oGuncie-
PAAKY (QUCHY

HUX PE3YJIbTATIB MA€ BUTIIST
0=—(KePer) Ae® (B o= (K p )7 AYO(Be ),
(4.32
A @ A (0)
_& = _( Kie pn) A(,e\‘e(O) (ﬂgep) - (K i in) A:\Je(l) (ﬂgip) .
mn
Marpuunuii Buriisy piBHsHb (4.32):

_ Ne(1) =(0) Ne(1) (=(0)
0= _Z Jes Gek es Z Jis (';(ek i”
s>0 <0
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4.33
375, =- Y00, - TG0 -

1
JlonatkoBi ymoBu (4.13) 3anynats koedimient ¢ . Ha 0CHOBi SBHOTO BUITIAIY

iHTCFpaHLHI/IX AYKOK MOJXHa HOBCCTH, 1110

vs>1 G =0,GY° =0. (4.34)

ek,is 1s,ek
3 nomatkoBux yMoB Ta (4.34) Gaummo, 110 B mepiiomy piBHsHHI 3 (4.33) apyra
CyMa B IpaBiil YaCTUHI 3aHYyIUTHCA. 1Ol BOHO CTaHE MPOCTO PIBHSIHHSIM 13 TPHUBIaJIb-

HUM pOSB,SBKOM:

A (,Bgep) =0. (4.35)
Hins k=0 npyre piBasaHs 3 (4.33) 306iraetscs 3 piBHsaaHaM (4.31). g k>1

BHacIi0K (4.34) maemo, 1o apyre piBHsHHA B (4.33) € cCTEMOIO PiBHSHB 13 TpHUBia-

JIbHUM pO3B’H3KOM, TOX
ANe(l) (ﬂgip ) -0. (4.36)

2 .
vy IOPAIKY O 3 ypaxXyBaHHAM BXXC OTpHUMaHHUX PE3YyJIbTaTlB Ma€EMO, 110 IICPIIC

piBusiHHS B (4.16) 11t b= € ta a= i Mae BUIIISIA
. 0)
(Kii pn ) ANE(Z) (IB(C"Ip ) =0. (437)
3 piBusHHS (4.37) dyHKIiN ANQ(Z) ( P&, ) OOYMCIIOETHCS AHATOTIYHO (YHKIIIT

AT(O)( ’Bgip) 3 piBHsHHA (4.19) 3a €1MHOIO BiAMIHHICTIO, IO J101aTKOBI yMoBH (4.13)
3a/1al0Th TaKUi KOE(DILIEHT MPU HYJIHOBOMY MOJIHOMI:

Ne(2) _

n
g =——= g0’ (4.39)

n

Tox st pyHKIIN A;\:f ( p) Ma€eMo

A)n( ) (g@e(0)+ gae(O) §2(ﬁ5 p)+ d\‘e(O) 32(,3‘9 ))"' QGZ)

AY (p)=-p,0k® 0% + O(c?).

(4.39)

Yuciosi 3HaueHHs KoediienTiB y (4.39) HagaHo B TabuiIli 3.
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4.2.3. ®yHKUii npu rpagi€HTi ryCTUHY iOHIB
Tl b=i mepie piBustams B (4.16) Ma€ B MOPSIKY O BHIIISA

0=(Kup,)” AL (B ) +(K ) WY (e ).
(4.40)

0=(K;p, )(0) AYO(pz, ),

Hpyre piBasiaHs B (440) po3B’s3y€ThCS aHATIOTIYHO IPyroMy piBHSIHHIO B (4.19)

AV (0)(13%):0, (4.41)
Toi 3 ypaxyBauusaMm (4.41) nepie piBasHHS B (4.40) po3B’A3y€ThCs aHAIOTIYHO TIEp-

oMy piBHstHHIO 3 (4.33):
A (Beg,)=0. (4.42)
3 ypaxyBaHHSM OTPUMaHHUX pe3yibTariB rnepiie piBHsHHS B (4.16) mis b=i B

1
IOPAAKY O Ma€ BUITIA

(Keepen)(O) Azi(l)(ﬁg e;>+(K p ir)(0) ANii (1)(13(9 QZO,
© (443
(Kii B ) A" @ (:Bﬁp ) =0,

3BIJIKM, AHAJIOT1YHO TOTIEPETHIM BUKIIQIKaM,
INE (ﬂgep) =0, AN® (ﬂgip ) =0. (4.44)

VY npyromy nopsiiky 3a o 3 ypaxyBaHHSIM OTPUMaHUX BHUIIE PE3YJIBTATIB MEpIIe

piBasiHHS B (4.16) s b= mae Burisg

1 _ ,
Pt (K. A )< p SR i )

_ ©) ANi(2) (4.49)
O_(Kiipln) Al (IB‘C’Ip)
Jlpyre piBHSHHS aHAJIOTIYHO BUIIICHABEACHUM BUKIIAIKaM J1a€

A"®(Be,,)=0. (4.46)

Toni nepuie piBHsHHS B (4.45) HaOyBae BUTIIS LY
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1 (0) AN (2)
_ AI .
—mena ~(Kepo) AU (Bz ) (4.47)

PiBusiaus (4.47) Ma€e TaKui MaTPUYHUAN BUTIIS;
Ni(2) =(0)
O- - Zg Gek es* (4.48)

Po3p’s30k cucremu piBHsSHb (4.48) mykaemo B HAOIMKEHHI TPhOX IOJIHOMIB,

YHCIIOB1 3HAYCHHSI KOE(IIIEHTIB MPH MOJTIHOMAaX HaBeIECHO B Ta0muili 4:

Ta6muus 4. 3nauenns koediienTis npu mominomax y pymxmii AN (© ( ,Bgep)

Lﬂ /nl e’ Lﬂ /nl no € Lr] /”3
. N,(0) e N;(0) | o) .

1 0,583 -0,166 -0,019

2 0,174 -0,063 -0,0024
3 0,084 -0,034 0,00021
4 0,05 -0,022 0,00078

VY TpeTboMy MOPSAAKY 32 o 3 YpaxyBaHHSAM OTPHUMaHHUX BHILE PE3YyJIbTATIB MeEp-

nie piBHAHHA B (4.16) nns b=1 mae Bursin

(Reabo) A9 (pe ) +(K p ) AN (g ) =0,

A o A (O
%%O—Z = _( Kie pn) A(L\II(Z) (ﬂgep) - (K iip in) A:\II © (ﬂgip)' (449)
PiBusiaus (4.49) po3B’3y€eThCsl aHAIOTTUHO PiBHAHHIO (4.32):
AeNiG)(:Bgep):O’ ANi(s)(ﬂgip):O' (450)

VY ueTBepTOMy NOpSAAKY 32 o 3 YpaXyBaHHSAM OTPMMAaHHX BHILE pPE3yJIbTaTIB

nepie piBHSHHES B (4.16) a1 b=1 Ta a=i Mae BUrmsag

(Kip,)” AV (Bz, ) =0, (451)

PiBHsiHHS (4.51) po3B’s13y€eThest aHATIOTIYHO piBHSHHIO (4.37):

AV (Be, ) =- ge”o (Do, (452)
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Toxx MaeMoO Taki pe3yJabTaTh s PYHKITIH A:‘r'] (p) :
A (p)=p,(98? + g PGBz o)+ da® S7(z )+ o)

A (P)=-p, g5 niea +0(c°). (453)

Yucnori 3HaueHHS KoedimieHTiB y (4.53) HagaHo B Tabuili 4.

4.2.4. ®yHkuii npu rpagieHTi MacoBoi NBUIKOCTI

HonatkoBi ymoBu (4.13) mns dyHKIii Agn,(p) BUKOHYIOTBHCSI aBTOMAaTHYHO.

Ocranne piBHstHES B (4.16) ¥ TIOpAAKY O - Mae Takuil BUDIAA Ao a=i (s a=e

BOHO € TOTOXKHICTIO):

A (-1
(Kii N ) A (:Bgip ) =0. (4.54)
Marpuunuii Burisin piBHsHHS (4.54):
Z 0. OWD = (4.55)
Cuctema piBHsIHB (4.55) € crcTeMOr0 piBHSIHB 13 TPUBIAIBHUM PO3B’SI3KOM, TOXK
A ( Bz, )=0. (4.56)

Ocrarne piBasHAS B (4.16) v mopsaaky o Mae Takuil BHIJIAL 3 YpaxyBaHHIM
p Yy HOpsaKy ypaxy

OTPUMAHUX BUIIE PE3yJIbTATIB:

1 0) v(0 1 (1
Ehn (Keehnlp) Ae()(ﬂgep)’ ﬁhn - ( ||hnlp) A()(ﬂ ) (457)

Marpuunuii Buriisy piBHsHb (4.57):

10nmTé,, = ZV\(E,S g, 1OnemeT=—ZWé‘k’)eg“ - (459)

Sk Oyne BUIHO B MOAANIBIIOMY, HEMOTaHUM 30ir 3 pe3ynbraramu bparincebkoro nae i
HaOMOKEHHsT OAHOTO TojiHoMa B (4.58), ToMy I MPOCTOTH OOMEXHMOCH HaOJIH-

JKEHHSAM OJHOTrO moJiiHoMa. MaeMmo

© 5 Tl/2 5 T1/2
0 = » Gio=— o,
g 0 (ne n \/Enl ZZ) e4 L(ﬂ_rTL)I/Z 0 23 Z4r] e4 L(ﬂ_nl)llz (459)
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3BIJIKM OTPHUMAEMO TaKi pe3yabrats ais A, ( p) )

0 _ 5 TY? -
Aenl(p)— 23(ne+\/§nizz) o L(7Z'|TL)1/2 hn|p+O( ),
Ay (P) =~ ———N,0” + O(0). (460

2°z'n e'L(zm)

4.2.5. KineTuuHi Koe(ilieHTH CTAHIAPTHOIO TIIPOJAMHAMIYHOTO CTAHY

[e#t MyHKT MPUCBAYCHO MOIIYKY KIHETHUYHUX KOE(ILIEHTIB CTaHJAPTHOTO TiApO-
JUHAMIYHOTO CTaHy CHCTEMH. 3TiJHO 31 cTaHAapTHUM O3HadeHHsM [113], kiHeTHUHI
Koe(iIIEHTH CTaHAAPTHOTO T1JIPOJMHAMIYHOIO CTaHY CUCTEMH BBOJIATHCS TaK:

ov, Ovu 2. 0vu, ov,,
n _+_I__5nl _§5nl
ox ox 3 " OX, OX

m

tO(l) _

nl

ﬁo(l)z_DTalnT_ nznlm D d ﬂo(l)z_D_TmnT_ nerLm D d

en e 8Xn mene+mn e r in T i 8Xn mene+miﬂ ie'n?
2
= g £ 210 |, (461)
axn Dei 2 me

Jc

neni(m_ TTA) alnT+
(mn.+mn)(n+n) ox

N nnm (aln n _Gzéln r;] (462)
(mne+ mn)(n+ n){ 0% ox )

V ¢opmynax (4.61) x — temtonposiaHicts cuctemu, D] Ta D] — koedinieHTn

d, =

TepMoaudy3ii Ta Audy3ii, 7 Ta { — 3cyBHa Ta 00 €MHa B’SI3KICTh Ta & — IOJAATKOBUMN
KIHETUYHUNA KOE(DIIIEHT.

Ha ocHoBi o3Hauens (3.4) ta (4.8) maemo 3 piBHsHb (4.61):

LI W ) onnT  no
D.=-D =——"% TghO 4 O(5), &= O | 0(5),
n, +n 957 +0lo), ¢ 2m,(n, + n) Ga'™ +0(0)

(4.63)
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D] =-D = (men2 ge®@—n de‘O’) do), ¢=0,
S —of 71 o) _ ge’\:ll O ) 2 (0) 0
2nT ) + o), n=-nmT?g, +q0' )

e0

[Iloxo B’SI3KOCTI, TO MAaEMO TaKHI YHCIOBUN pe3ysIbTaT y TOJIOBHOMY MOPSAKY 3

o.
5/2,1 2
~0,353 -t (4.64)
e'ZL
Pesynbrat bparincekoro 1ijst B’sI3KOCTI
T92m!2
Miray =0, 406—meL (4.65)

SIk 6aunmo, pesynbrati (4.64) ta (4.65) BiApI3HAIOTHECA MEHII HiX Ha 14%, 1110 €
JIOCUTH TI0OpUM 30iroM, TOMY B I111if pOOOTI MOXKEMO Jisi MPOCTOTH OOMEXUTHUCH Ha-
ommwkeHHsM oaHoro nojiiHoma B (4.60). Ilogo pe3yabTariB /Ui TEIUIOMPOBIIHOCTI,
Ma€eMO TaKl YUCJIOB1 3HAUCHHS:

Tabmuug 5. IlopiBHSHHS pe3yJbTaTIB AJs TEIIONPOBIIHOCTI 3 pe3yiapTaTaMu bparni-

ChKOTO
e' L'
e* Lnt/ 2 K 57} , pe3ynbrar bpa-
z K = HaIll Pe3yJIbTaT T
T1HCBHKOTO

1 0,946 0,945

2 0,732 0,733

3 0,605 0,608

4 0,518 0,516

Ax 6aunmo 3 Tabnuii 5, 301r 3 pedynbrataMu bparincekoro € uynosum. Illono
BHUpa3iB s kKoedimieHTiB nudy3ii Ta Tepmoaudysii, BUpa3u A SKUX HaBEJCHI B
(4.63), To 1i KOehIIiEHTH B ABHOMY BHUIJISIII B POOOTI BpariHChbKOro He BUITHCYBAIUCS.
BaroMuMm aprymMeHTOM 11010 MPaBUIILHOCTI iX OTPUMAaHHS € T€, 110 BOHW OTPHMaHi Ha

OCHOBI THX € camMuX (YYHKIIIH, 10 ¥ TETJIOMPOBITHICTh, a TEIUIONPOBIAHICTH YyI0BO
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30Ira€eThes 3 BIIOMUMH pe3ysibTaTaMH. 3ayBaXXHUMO, 110 pe3yabTaT ais yactuH OPK
IpU TPajJi€eHTaxX TYCTHH Ta TeMIepaTypu B HAOIMKEHH1 JBOX MOJIHOMIB Ma€ SIKICHO
TaKy X MOBEAIHKY, 5K 1 pe3ynbTaT, OTPUMAHUN Y HaOJMKEHHI TPhOX MOJIIHOMIB, IIPOTE
YHCENbHO BIPI3HAETHCS B HHOTO OUIBII HIXK Yy 2 pa3u. ToMy HaOIMKEHHS JBOX TO-

JIHOMIB TSI IUX (PYHKIIM HE € IOCTaTHIM.

4.3. BiuiuB pesiakcaliiHuX npoueciB Ha riIpoANHAMIKY IJIa3MH

VY upoMy TiApO3AUTL JOCHIIKYEThCS BILUIMB pejlakcallii Ha CTaHJapTHY TiApou-
HaMmiky cuctemu. [Ipu BuBOAlI (hopMyn IIbOTO MIAPO3ALTY BaXJIHMBY pPOJIb BIAITPalOTh
®PK y nopsaxax #'9° (mus. (3.21), (3.22) ta (3.94)) ta pesynsratu a1 OPK y mo-
psanxy 4°g', HaBedeHi B IOMEPeHLOMY TiAPO3iNi. 3ayBaKUMO, IO PE3yILTATH JIs
®PK y nopsaxy 4'g° HaBenmeni B cucteMi Bimmiky v, =0, y na6opartopHiii cuctemi

BijuTiKy popmynu (3.21) ta (3.22) manu 6 TaKuil BUTIISI:

T99=w (A [Be )t +B [Be Jp y N - (4.66)

p—p-my
O7Hi€I0 3 OCHOBHHUX 3a7ay ILOTO Miapo3finy € momyk ®PK y mopsaxy #'gh. Y

pomy nopsiaky @PK maroTes BUTIISIA

. ot
fo! =Wap(Aan(p)

~ +AT(p Z'—-i-ZAT )':b+A“qu) 0y |

le

n

(4.67)

oT w oy,
+A%1n|( ) X| nI 8_ Zb: u_+Anlrr(p) xﬂj

P p-mu
PiBusiaast (4.67) po3B’sI3ye€Thbes 3a BUIINCHABEICHUM aaropuTMoM. SIK Gadmmo,

BOHO MICTUTh TaKi HEB1JIOM1 (DYHKIIIT:

1) BexTOpH Pgn(p), Tﬁ(p), Trh,'b(p)
2) Tensopu apyroro panry AL (p), An(P). An(pP). Ax (P)

3) tensop tpetsoro paury Al (P).
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3 MipKyBaHb 00€pTaIbHOI 1HBAPIAHTHOCTI Ta 3 BUIIIEHABEIEHUX MIPKYBaHb 1100

BUOOPY MOJIHOMIB BEKTOPH IIYKAEMO Y BUTJISII

=p, Y, g0 S (B o), (4.689)

m,s>0

TEH30PH JAPYroro paHry MIyKaeMO y BUTJISAII PO3KIIAJaHHs HA HE3BIAHI TEH30pU

anl 5n| Z g(m) 81/2(138 ap) nlpz g(r:éTrgs ( a)) (469)

m,=>0 m <0
uv .
[Ilogo TeH30pa TPETHOrO paHry A-mlm( p), T0 Ha ocHOBI (4.11) MOXHa MOKa3aTH,

110 B TOJIOBHOMY TIOPSAJIKY 32 o 1€ TEH30p Ma€ Taki BIACTHBOCTI:
im (P)=A00 (), AL (P)=0. (4.70)
Sk Bimomo [175], HE3BIAHUIA TEH30p — II€ TaKH TEH30p, IO 3ropTKa HOro 3a
OyJlb-SIKOIO0 TIapOI0 1HJIEKCIB Aa€ HyJb. O4eBUIHO, IO TaKWil TEH30p OPTOTOHAJIBLHUM
nenbTa-cuMBoJiaM. bynb-sikuilt TeH30p T MO’KHA PO3KJIACTH Ha HE3BIIHUN TEH30p Ta
0 -4aCTUHY:
T= Tlrredu0|ble + Té’ ' (471)

Y BHUITAJIKY I[OBiJII:HOI‘O TCH30pa T nmi TPCTHOI'O PAHI'Y MAEMO:
Tnml nml + A15ml + Bmé‘nl + C 5nrr’ (472)

ne T ., — HEe3BITHUI TeH30p. Y KOHKPETHOMY BUIAKY, SKHI HAC L[IKABUTh, MAEMO

T

nml

=T

nim?

Tu =0, 4.73)

3BiJIKH He3Bi/HMIT TeH30p T MOBHHEH MATH BIACTHBOCTI

T,.=T , T =T, =T

nml? nll Inl lIn

=0. (4.74)

Ha ocnosi BnactuBocreii (4.74) 3Haxoqumo tensop T, ta Bekropu A, B, C:

- 1
T _Tnml +Tnm|’ Tlnm _Tlnm + 5quI5 10 qqrﬁ ml TO qqré n?
s 1 3 3
Tlnm = _gqulé‘nm + 1_0quré‘ mt TOT qqré‘ n* (475)

Ha ocHoBi po3kiany (4.75) maemo

uﬁl(rg) ( p) = ynlmp Z gt’fé(n)szz(ﬂg F) + Yﬂ”mZ gwa(srl? § ( QF’

n,s>0 n,s>0
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2
ymnlp = plé‘nm + pn5m| - § pnﬁnl’

Yo = Py pmp.— P (PSw+ POu+ RO (4.76)

ITomanemie BuBeneuus OPK fa(;'l) 3a BUIIEHABEJACHUM AJTOPUTMOM € JIOCUTH
IPOMI3JIKMM, TOMY He OyJIeMO MOoro HajaBaTH JACTalbHO. SIK NMPHUKIIAJ, HaBEJAEMO TYT

BIJIHOCHO HETPOMI3JIKE BUBEIACHHS (DYHKITIH Afm( p). SIBHUI BUTTIS pe3yAbTATIB IS

dPK fa(;’l) HajaHo B JloaaTky 2.
3 (4.13) Ha OCHOBI OTpUMaHHUX BUIIE PE3YJIbTATIB MOXKHA OTPUMATH TOYHI iHTET-

pabH1 pIBHAHHSA Ul PYyHKI1A Afm( p) (BOHM HaBeZIeHI B cucteMi Biptiky v, =0) :

B (a5 (f) - BB )+ AP o ) KB+ 1)

+(B9, +B,(pe, ))me =2 R.AUP).

B,(Be.,) =B (Be.). B(Bs,)=B"(Bs).
A(Beo)=A2 (Be o). ABe,)=A"(B5, ),

;{p '%n }b"gezll'gi:_%az,¢e:1, ¢|=O'2.

(4.77)

SIk 6aunmo, piBHsSHHS (4.77) MICTSTh nonpaBku 10 pe3ynstarie HJIP, otpumani B
(3.94), Tox BOHU JO3BOJISIFOTH OTPUMYBATH KOPEKTHI PE3yJIbTATH HE JIUIIIE B TOJIOBHO-
My TOPSIKY 332 o, IPOTE B 1[I POOOTI OOMEKUMOCH OOUYUCIICHHSM JIMIIIE TOJIOBHOTO

(l 1)

nopsiaky. 3ayBaxumo, mo 1i yactuau OPK f ) sxi mictaTe rpagienTn r Ta U,

NPUCYTHI B JIIHEAPU30BaHii Teopii (TOOTO B TeOpii, sfKa € JIHIHHOIO 32 MAJIMMHU BIJIXH-
nenHsMu [1CO Bij iX MOCTIMHUX PIBHOBAKHUX 3HAYEHb) Ta BOHU € BAXXJIIMBUMHU HE

JIMIIE JUIS TIOTOKIB Ta KIHETUYHHUX KOE(IIIEHTIB CUCTEMH, aJie | JIJIT MO,

Y nopsinky o pismsns (4.77) Ma€e BHIIIS
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PAGY A1

S (ew)=~( R p) AO(ps )~ (Kp) AO(Be ),

m.n,
A (0)
(Kip) A (ps,)=0. (4.78)
JNonatkosi ymoBH (4.13) HakIagar0Th Take OOMEKEHHS Ha KOSOIIIEHTH IIPH T10-
JIHOMAX:
vn>0 gV =0. (4.79)
3 ypaxyBaHHsIM (4.79) aHAIOT1YHO BHUIIICHABEICHUM BHKJIaIKAM MaEMO
A (pe,)=0. (4.80)
Toxi nepie piBHsiHHS 3 (4.78) HaOyne BUTISALY
P.AG, O IB P <32 (e © o
e m S (Beep) =—(Keeb)) A (B o), (4.81)

MaTpudHHA BUTIIS piBHHHHH (4.81):
5eCr) == n O = —Z 05 Gy ee (4.82)

[Mpu k=0 piBusHus (4.82) € TOTOXKHICTIO, IIIe MOKHA MTOKA3aTH HA OCHOBI SIBHO-
TO BUTJISTY IHTETPANTBbHUX Iy’KOK, a Takoxk o3HadeHHs G (mauB. (4.77)). Lle cBiguuTh

Ipo Te, IO Hallla O0YHCITIOBANIbHA MTpoLieypa He € cynepewtuBoro. [Ipu K >1 moxHa
OTpUMAaTH PO3B’SI30K piBHAHHSA (4.82); M1 MPOCTOTH OTPUMAEMO HOrO B HAOJMIKEHI

OJTHOTO TIOJIIHOMA:

g _ 15, 15 1 [T
Y 26GPw (4 +13n) €L\ 2rm (483

TOX Ma€EMO

15 1
(4\/_2n +1322r1)e L\ 2zm,

KO (Be,,) = T sv2(ps,,). (4.84)

Y nopsiaky o' piBrsHHs (4.77) I a= i Mae BUTI

B
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(K'e p') %(O)(ﬂgep) ( i ) A m(ﬂglp) (483
PiBusiuust (4.77) y HOPAAKY O I a= € HeOOXiaHe ISl MOLIYKY Ai‘”( ﬂgep)’

poTe 0OMEXHUMOCH MOLIYKOM JIMILE TOJIOBHOTO HOPAAKY (QYHKIIH A ( ,Bgap) 32 o.

Matpuunuii Burisa pisasaas (4.85):
(0 , 15 .
~6,Ga” + ~ M =—0a DGR - GG (4.86)
s>1

Jlnsa k=0 piBusaus (4.86) € ToToXKHICTIO, T K >1 MaeMo cUCTeMy piBHSHB JJIs
koe(ilieHTiB Tpu nojiHoMax y Qynkmii AT ( P&, ) Jns mpocToTH OTpUMAaEMO

PO3B’SI30K y HAOJIMKEHH1 OTHOTO MoTiHoMa. BukopucroByroun (4.34), maemo

15n 15 7l
(1) e e
% 2G0T 1672¢ L\ mp (

iljl

Tox st pyHKIii Afm( p) MaeMo

(P 5 T m)elL S (Be) + Olo).
A (p)=——— 7150 §2( s, )+ Qo). (4.88)

16zz*e' L\ m
oo iHmux yukuii 3 (4.67), iX BUBSICHHS W pe3y/IbTaTH A HUX € Habarato

OLbII TpOMI3AKUMU. Pe3ynbTaT i HUX Hajgadi B JlonaTky 2.

Ha ocnoBi otpumanux ®PK f(1 ) MaeMo Taki pe3ynmbTaTH IS MOTOKiB. I1OTiK

IMITYJIbCY €JEKTPOHIB:

- [gz.g;?@enw.m(o)]r%{ G0 Y o) 5

2
I:ge(-)rT(?)cD qnwl +- 3 n T(0)§ né qw qo-)i|

2
-O) e n.m.Tg:@ s }
‘:geOT gnwi += 3 g@ né qw qg) X| (489)
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[gggT|E0)q)anl + O(G):l un?i qnwl (5qn5wl + 5 5 %5qv\§nlj namaTz;
X

MOTIK IMITYJIbCY 10HIB:

f}% - = |:g|r(l])T(rl)cDI nwi + O(GO)]T% + [ guoﬁ)q)(iqnwl + qG 3):| ?;; +

[——n MTGL"S of ut O(a)} u %+
l:__n rnsTgeD(O)é‘qvﬁ nt qa):l 2 +

i 0
I:g|0Tr(4)(anwl nenlzTga')(Z)gqvﬁ nl qo- )i| al): .

MOTIK €HEPTii eIEKTPOHIB:

0 : 0 oT
ot =[@,g,” + O(a)]é+[®eg’;(°)5nw+ qa)]ra—xn+

o[0.90% e o) 2L+

oy, 5

+( uu(O)( nmﬁlm+5mV\ﬁn| 5lmﬁmn)+0(0)]Ua () ——Ena'rz;

Ho,02%05,,+0(c) ]z Z”

MOTIK €HEePTii 10HIB:

ot =| @, g1, + 0o )]j—xn{fb gl % + Qo )]T—+
108, + o) e 2

(CD g|UU(1) (5mW5nl + 5nW5ml 2 5W| 5n| j + O(O-Z )j LL ai
3 OXn

Ho,g70s,, + 0(c?)] an EX

(4.90)

(4.91)

(492

3ayBakuMo, 110 He Bci wicHU B (4.89)—(4.92) MaroTh aHANIOTH B CTAHIAPTHIHN Ti]I-

poauHamini. Sk 6auumo, 3aBISKH pellakcallii IBUIKOCTI MOTOKHU IMITYJIbCY MICTATH

IPaJIIEHTU TYCTUH Ta TEMIIEpaTypH, a MOTOKH €HEprii — IpaJi€HT MacoOBOi IIBUAKOCTI.

Taki BHECKM B paMKax CTaHJAPTHOI TAPOAMHAMIKM BiCyTHI. Takox 3ayBakuMo, IO

xoua Harmii nonpasku (3.94) € nompaBkamu O1TBIIT BUCOKOTO MOPSIKY 38 &, BOHH J1a-
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IOTh BHECKH 10 JIesiKUX pe3ynbTatiB 3 (4.89)—(4.92) HaBiTh y roJOBHOMY HOPSIKY 32
o (muB. Jlomatok 2).
Bunumemo Ha ocHosi (4.89) ta (4.90) cymapHuii MOTIK IMITYJIbCY B TOJOBHOMY

MOPAJZIKY 32 O

bu. Bu, 2. 8
B U]. (4.93)

o) = g mTr| 2+ L -2, —
nl glOTr r] (axl 8)% 3 nl axm

1
Jlns 9ot MokHA OTpUMATH TaKuii pe3ybTar:

g (10+ 15) 494
o zeLn zmT 27* (4.99

AHanoriyHui pe3ysbTar CTaHJApPTHOI TIAPOANHAMIKH:

{o0107) _ g2®n mTZ( A5 —m (4.95

ToX y TOIOBHOMY MOPSIKY 33 ¢ MAa€EMO peJIaKcallifiHy IIONpaBKy J0 B S3KOCTI

CTaHJAPTHOTO T1IPOAMHAMIYHOTO CTAaHY 3TiIHO 3 03HaYeHHsM (4.61):
1 2 o1 0
n=n\? -nmT*ger + (o), (4.96)
ToO6To penakcariiina onpaska (4.96) 3MeHITye B’ I3KICTb.

Burmnurmemo Ha ocHoBi (4.91) ta (4.92) cymapHuUii MOTIK €HEPrii B TOJOBHOMY I10-

pHI[Ky 34 0.
5 or 5 on, 5 ot
o(1,10° ) ~ -|—2 7T (O)’Z'— - =n T N (0) =n -|—2 oYr
qn 2 ne ga 2 e a 8X 2 e [} 6X

n n

5 oy, oy 2 0v,
: (4.97)

—=n.T?gw O u — + y—-—=
3 Yas (ax "ox. 3qa>q

SIBHi Bupasu st KoedimieHTiB y (4.97) mocuTh rpoMi3aKi, TOMy HaBeIeMO JEsAKi 1X

YUCJIOB] 3HAUCHHS

Ta6nuns 6. Uniosi 3HauenHs koedimientis y moromi eneprii g 1)

uv l
z | g® €'Ln /% g0 . ¢ Lna/% 7@-¢'ndmT | gu® e“Lm/E

1 0,946 0,343 0,577 0,188
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2 0,732 0,039 0,14 0,069

0,605 0,011 0,06 0,036

4 0,518 0,004 0,033 0,022

SIx 6aunMo, 10 IOTOKY €HEPrii BHECKH, SIKI HE MAaIOTh AHAJIOTIB Y CTAHIAPTHIM Ti-
JPOJIMHAMIII, YBIMAYTh BJKE B TOJIOBHOMY MOPSIKY 3a o . Ilepii 1Ba BHECKU B IMpaBiit
yactuHi (4.97) MaloTh aHAJIOTH B CTAHAAPTHIN TiApOJAMHAMIL, a OcTaHHI aBa — Hi. Ha
iX OCHOBI MOJKHA BBOJWTH HOBI KiHETHYHI KoedimieHTH. SIKIIO mepini 1Ba BHECKH B
npasiit yactuni (4.97) 310patu 3rigHo 3 o3HaucHHSAM (4.61), To MaTUMEMO pellakca-
LIAHY TOMNPAaBKy A0 TEIJIONPOBIJHOCTI CTAHIAPTHOTO T1IPOJIMHAMIYHOIO CTaHy B IO-

JIOBHOMY HOPSAKY 34 O .

7N,(0)

x:,c§°>+gneT 1= de |7+ Oo). (4.98)

geO

3 (498) ta Tabaumi 6 6aummo, o penakcaniiHa nmomnpaeka (4.98) no Terronpo-
BIIHOCTI CTaHAAPTHOTO T1IPOJAMHAMIYHOTO CTaHy 3MEHIIUTh TEIUIONPOBIIHICTb.
[oxo xoedimientiB qudy3ii Ta Tepmoaudy3ii, MOKHA MOKa3aTH, 10 pesiaKcallis

iX He 3MIHUTH BHACIIJOK JT0JaTKOBHX yMOB (4.13).

BucHoBkmu 10 po3aiay 4

Ha ocHoBi i7ei y3araibHeHHs MeToy Yemnena—EHCKora, 3alpornoHOBaHOl B i
poOOTI, MOCHIIKEHO BIUIMB pPENaKCAlllMHUX TPOIECIB HA TIAPOJUHAMIKY IIJIa3MH.
[Inazma ommMCyeThCs MapamMeTpaMu CKOPOYEHOTO OIMCY CTaHAApTHOTO TiapOANHA-
MIYHOTO CTaHy (TYCTHHAMU KOMIIOHEHT, MAaCOBOIO IIBHJIKICTIO Ta TEeMIEpaTypolo), a
TAaKOX BIIXWUJICHHSMHU TEMIIEpAaTypH Ta IIBUIKOCTI €JIEKTPOHIB BiJ iX CTaHJAPTHHUX
riapoarHaMidyHuX 3HaueHb. [lokazaHo, 110 e Habip mapaMeTpiB MOKHA BUKOPHUCTO-
BYBAaTH 3aMiCTh CTAaHAAPTHOTO HA0OPYy MapaMeTpiB, SKUMHU € TYCTUHH, TEMIIEpATypu Ta
MIBUAKOCTI KOMIIOHEHT, OCKUIBKMA BIH € OUIbLI 3pYYHHUM JJIsl OMHUCY pelaKCaliiHuX

MPOIIECIB y MPOCTOPOBO-HEOHOPIAHIN T1a3mi. [lokazaHo, 110 OTpUMaHi B JucepTalii
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pEe3yNbTaTH JIs KIHETHYHUX KOS(DIMIEHTIB CTaHAAPTHOI T1APOAMHAMIKA J0Ope Y3TOI-
KYIOTbCA 13 BIIOMUMU pe3yibTaTramu bparincskoro.

Takox oTpuMaHO PiBHSHHSA A1 QYHKIIN PO3MOALITY KOMIIOHEHT Y MEpPIIOMY T0-
PAIKY 32 MMM BiIXWJICHHSAMH Ta MaJIUMU TpagieaTamu. [Ipu oMy BpaxoBaHO 10-
IIpaBKU JI0 PE3yJIbTaTIB HAOIMKEHHS JIOKAJIBHOI pIBHOBAru, siki OTpUMaH1 B IPOCTOPO-
BO-OJIHOp1IHOMY BUNAAKy. OjeprkaHi PiBHSHHS JJiA MPOCTOTH PO3B’si3aHI B HAOJIH-
*KeHH1 oaHoro noixiHoMa CoHiHa. Xo4ya OTpHUMaHi MOMPABKU 0 HAOIMKEHHS JIOKAIb-
HOT PIBHOBArW € MOIMpaBKaMH O1IbII BUCOKOTO MOPSJIKY 3a BIIHOIIEHHSIM Mac, B JI€sIKi
YaCTUHU JOCIIHKEHOI 11l TOMPaBKK JaIyTh BHECOK y TOJOBHOMY TMOPSIAKY 3a BiTHO-
IIEHHSAM Mac. 3HAHEHO MOTOKU SHEPrii Ta IMITyJIbCY KOMIIOHEHT Y TIEPIIIOMY TOPSIKY
3a BIOAXWJICHHSMH Ta TpajieHTaMHd, TOOTO Ha BIAMIHY BiJ BIAOMHX Yy JIITEpaTypl pe-
3yJIbTaTIB YpPaxOBaHO pelaKcalliiiHi BHECKU B mOToKax. [lokazaHo, 110 HE BCl YWICHH 3
IIMX TOTOKIB MalOTh aHAJIOTH B CTaHJAAPTHIA TIAPOAWHAMIIN: 3aBIIKH peakcarii
MIBUIKOCTI MOTOKU IMITYJIbCY MICTSITh TPAJIEHTH T'YCTHH Ta TEMIIEpATypH, a MOTOKHU
eHeprii — rpaiieHT MacoBOi MBUAKOCTI. OTpUMaHO peliakcalliiiHi MonpaBKu 10 KiHe-
TUYHUX KOE(QIIIEHTIB CTAHAAPTHOI T1APOJMHAMIKM IJIa3MHU HAa OCHOBI THX YJICHIB Y
MOTOKaX, K1 MalOTh aHAJIOTH B paMKax CTaHAapTHOI rigpoanHamiku. [Tokazano, mo i
MOMPABKX 3MEHIITYIOTh B’SI3KICTh Ta TETUIOMPOBIAHICTh CTaHIAPTHOTO T1APOAUMHAMIY-

HOT'O CTaHy CUCTCMU.

Pesynbratu po3ainy 4 omy6iikoBano B poborax [13, 17, 21, 26, 35, 45, 46, 48,
49].
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PO3/L1 5
TTIPOIMHAMIYHI TA PEJTAKCAIITHI MOIA
MOBHICTIO IOHI30BAHOI MJIA3ZMH

[e#t po3ais MPUCBSIYEHO MOITYKY T1APOJUHAMIYHUX Ta KIHETUYHUX MOJI TTOBHIC-
TIO 10HI30BaHOI TUIa3MHU. Y [IOMY PO3/I1JI1 BUBYAIOTHCS MOJM PiBHSIHB Bracosa Ta Jla-
Haay—Biacosa. Haramaemo, 1o, sik Bijjomo [3], Moy Ha3WBarOTh KIHETUIHUMH, SIKIIIO

B TIApOAMHAMIYHOMY HAOMKEHHI iX JUCTIEPCIMHUNA 3aKOH l(k = O) #= 0, Ta rigpoan-
Hamigaumy, skmo A(k=0)=0. B poGoti posrisgaerbest 3a1a4a TOCIIDKEHHS MOJ

KiHETHYHUX piBHSAHB Jlanaay Ta Jlannay—Bracoga.

3ayBa)KUMO, 110 3a3BMYail MOJM MJIa3MHU BUBYAIOTHCSl HA OCHOBI piBHSHB BiiacoBa
[146] abo Jlanmay—BmacoBa [147] Ta, K BiJJOMO, CAaMOY3TOJUKCHHI YICH Ma€ OLIBII
BaroMuil BIUIMB HAa MOJIU, HIXK 1HTErpaj 31TKHEHb. Pe3ynbTaTu, sSiki OTpUMYIOTHCS B J0-
CHIJPKEHHI 3a]]ayl Ha OCHOBI KIHETUYHOTO PIBHSHHA BiacoBa, BiIoMI — 1€ TaK 3BaH1
M1a3MOBI MOJIU. X MOKHA OTPUMATH SIK Ge3M0CepeHBO 3 KIHETHUHOTO piBHsAHHSA [147,
146], tak i Ha ocHOBI piBHAHHsA JliyBiLIst Ta MeToay yukuii ['pina [168]. [Ipore 3a-
Jlaya MOIIYKY MOJ| Ha OCHOBI KIHETUYHOTO piBHAHHS JlaHaay, ke HE MICTUTh CaMOY3-
TOJDKCHHUM 4jieH, € BakInBoro. OTpuMaHi B paMKax Ili€l 3aaadi pe3yabTaTH IOKa3y-
I0Th, SIKUW BIUIUB Ma€ came IHTerpaj 31TKHEHb Ha MOJU CUCTeMU. Sk Oyle BUIHO B
MOJaIbIIIOMY, Ha OCHOBI KIHETUYHOTO pIBHSIHHS JlaHmay OyayTh OTpHMMaH1 pellakca-
IIHI MOJH, SIK1, SIK 1 IJIa3MOBI MOJIH, € KiIHeTUHYHUMH MojaMu. I1le omHa Baroma npu-
YMHa JIOCHIKYBAaTH MOJM KIHETUYHOTo piBHsHHSA JlaHnay € takoro. KiHetnune piB-
HsiHHA JlaHay omucye Jiniie KOpOTKOi0uy YaCTUHY KYJIOHIBCHKOI B3a€MOJIIT B TJIa3-
Mi. Jlameko1irouy B3aEMOJIII0 MOYKHA OTIMCATH 3a JIONMTOMOTOI0 CaMOY3T0)KEHOTO eJIeK-
TpOMAarHiTHOTO nojist. Ilpu 1bOMY JOIIIBHOIO € 151 ONUCY TIJIa3MU K B3aEMOJIIIOUUX
OJII Ta CUCTEMHM 3apsKEHUX YaCTHHOK 3 KOPOTKOi0U0r B3aemomicro [178, 160]
[{ikaBo1o € 1/1ed MO0Yy10BU KIHETUYHOI TeOopii Ta MOJ TJIa3MU Ha OCHOBI piBHAHHS JIiy-
BIJUIA Ta raMiJIbTOHIHAHY, OTpuMaHoro B po6oTti [160]. ¥V pamkax Takoi Teopii momyk

MOJI KIHETUYHOTO piBHAHHA JlaHnay € akTyanbHUM, 00 BiH J103BOJISIE 3MEHILUTH PO3-
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MIpHICTh 3a/1a4i. 3ayBa)XUMO, [0 AHAJIOTIYHI 171e1 BUKOPUCTOBYIOTHCS HE JIUIIE ISt
T1a3Mu, aje i s iHmux cucreM (auB. [179-181]).

AJNBTEpHATUBHUM MiAX0JI0OM € JOCTIIKEHHS 3a7a4l Ha OCHOBI KIHETUYHOTO PiB-
HsuaHs Jlangay—BnacoBa. Moau cuctemu OyayroThCs HA OCHOBI CTaHIAPTHOTO ITiIXO-
ay B pamkax meroay Uemnena—Enckora [145, 148]. Hamre gocmimkeHHs MO KIHETH-
yHOro piBHsAHHS Jlanmay—BiacoBa € BaxiuBuM, 00 Halll METOJ JO3BOJISIE BUHTH 3a Bi-

JIOMY MOJIEINb «keliey [146], B ki miacucTeMa i0HiB BBAKAETHCS PIBHOBAYXKHOIO.

5.1. I'inpoauHamivHi Ta pesakcaniifHi Mo KiHeTHYHOrO piBHAHHA Jlanaay

[eit migpo3/a1a NPUCBSYEHO JOCHIKEHHIO MOJ TJIa3MH Ha OCHOBI1 KIHETUYHOTO
piBHsiHHS Jlangay. Jlyist moOy10BM MOJI CUCTEMU MOTPIOHO JIiHEApU3yBaTH TEOPItO TMO-
0JM3y PIBHOBAXKHOTO CTaHy CHUCTeMH. byayeTbes miHIMHA Teopis 3a MajJUMHU BIIXH-
nerHsmu [ICO cuctemu Bix iX piBHOBaKHUX 3HAYE€Hb; MIJKPECIUMO, IO CaMe PiBHO-
BaXKHUX, @ HE CTAaHJAPTHUX TIPOJIMHAMIYHUX 3HaYeHb. by/ieMo mpaioBaTu B CUCTEMI

BIJIJIIKY, /i€ PIBHOBAXXHE 3HAYEHHSI MaCOBOI IIBUAKOCTI JIOPIBHIOE HYJIIO:
n(xt)=n+sn,(xt), T(xt)=T*+5T(xt),

v, (Xt)=6v,(xt), 7(%t)=57(xt), u,(xt)=3u,(xt), (5.1)
ne &% — piBroBaxHe moctiiine 3uauenns 1ICO &, a 65, (Xt) — mane BigxuiaeHHs
IICO £, Bix pIBHOBaXHOTO 3HAY€HHS. Y MOJANBIIOMY Ul MPOCTOTH MO3HAYEHB 1H-
JIEKC « €(» OIMYCKAEMO.

Jist nocimkeHHst Mol oTpiOHI yacosi piBHsAHHSA 11 [ICO B pamkax jiHeapu3o-

BaHOI TeOpii — y MpaBUX YacTHHAX PiBHSHB (4.7) 3aMIINMO JIUIIIe JiHiHHI 32 O, (X,t)

yienu. [licns HecKJIaqHUX MepeTBOPEHb OTPUMAEMO:

oom, _ fsn,  o%n_ 0dv,  @%T _osu
ot TNoxox  TMNaxox  Cox. Toxpx. ©ox

n
)

n

Yen, =—NTGe” + O(0), Yo =N T + O(GS),

Ver = _nengO) + O(G) )

n
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oon 0°6 oaon, o%sn oouv, o%oT , 00\
=7ViN, 2o A~ TN, —N TV +on ,
ot OX OX, OX.OX,, OX OX OX OX

=-NTg® + oo°), 7, =—NTgy ¥ + (),
=-nTgy? + O(c°);

oV, osn, o 00N, {1 0*Sv,  0%6v, }

= + —
P X, ’BN X, 30X 0X,  OXOX

,BT—Xn+

2 2
{a e } fu=-——0*+0(c*).
OX 0% 36)48)41 m,n,

=—2ggn T°0° + O(a“) , i, =-T?gP + O(o-z);

05T a%n, o'sn_2.00, 6T |

+oy —— +ao
ot Y OX OX 'OX.0X, 3 OX, T Ox r@x

85Un 8252' _ 22T2 5 Ne(0) e(o)
o X, i oxox, N 3(z+1) (_del j+ ).
22T2 5 N-(2) N (z)j (0) 2
- ZgN : +0(0o),
27T° (5 1) T(o)) 27T
_ ~ — O ;
aT 3(Z+ 1)( del + O(G) 3(Z+ 1) + (G)
2
@:_AT& 30Uy, O%r
OX, OX,0X,,
2T 5T°
0 =— O(o), 6. = RS ;
" 3(z+1]) +0(o). & 37119 * O(e)
2 2
00 _ sy 45, 00U, 0, 00

OX OX Zu " OX 8>g a

X, =——[1+ 27°¢’ Ln,/ gl(o)}r Qo).

u(o

/ 690 n mT?
_ u(0)T2 2 e0Tr' e
;(u - geOTrT 22 e Lr' gA + C( ) A ZGéf,Ll—laqemeT/l(f) ’
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1 2r
7. =—=T2g"9 _47%¢*L — + Jo),
Au 3 deor NG Tm, C( )
Tgon , T294”  nds®  Tg,” 60 n.mT

%7175 " z+1)) 2 3z+ 3 U, - 620N mT
(5.2)
Uak,bs:{(plgmn+ pné‘nl) 8342(@9 ap)’( pé‘ mn+ pré n) gsz(ﬂg b;}ab.

3ayBakuMo, 110 Ha BUpas3u A Y, Ta y, Mae BIUIUB JKepero R, y mopsaky

1'9%, y mopsaKy o° Take [PKepeio He € HylIbOBHM (BHECKH, SKi MICTATH g A Ta Og).
OtpumaHHsl pe3yabTaTy Ui I[bOTO JIKEpesia MPOBOJIUTHCS METOJOM, aHAJIOTIYHUM
TOTIepeTHLOMY PO3IiNY, TIPOTE JOCHiKYEThCS Teopis B MOPAAKY 4'g° y paMkax Oap-
HETIBCHKOTO HAOIMKEHHS 0€3 ypaxyBaHHS HEJIOKaJbHOCTI IHTErpally 31TKHEHb. SK Bi-

JIOMO, Ha OapHETIBCbKI BHECKHM ICTOTHUM BIUIMB CIpPABJISIE HEJIOKAIbHICTh 1HTErpay

3ITKHEHb, TOMY JJIsl OUIBII aIeKBaTHOTO OOYUCIIEHHS ¥, Ta }, IS HEJIOKAIbHICTh MO-

BUHHA OyTH BpaxoBaHa, MPOTE 11 BpaxyBaHHS IJIAHYETHCS 3POOUTH Y TTOJAIBIINX J0C-
miKeHHsX. Sk Oyzie BUIHO B MOJANBIIOMY, 11 KO€(ILIEHTH BXOJATh Y BUPa3Uu s
3racarouux peJlakcalllfHUX MOJi HE B TOJIOBHOMY IOPSIKY 3a MaJliM XBHJIbOBHUM BEK-
TOPOM, TOMY Ha TOJIOBHHUU MOPSAIOK peaKkcaIliiHuX MOJ| ypaXyBaHHS HEJIOKaJIbHOCTI

IHTErpaly 31TKHEHb HE BIIMHE. Takok 3ayBaKMMO, 110 HA BUpa3 A 0 TakoX BIUIU-

142
Bae jpkepenio Q, y mopsaky 4 g°, mpoTe MOXHa JI0BECTH, 1110 BOHO HYJIbOBE B HYJbO-

BOMY MOPSAKY 3a o . Yci iHmi koedimientn B (5.2) 00unciIeHI Ha OCHOBI pe3yJIbTaTiB
MOTEPETHHOTO PO3LTY, TOOTO Ha HUX YpaXyBaHHS HEJOKAJIBHOCTI IHTETPATy 31TKHEHb
Hisk He BrumHe. Pesynpratu (5.2) BunmcaHi 3 ypaxyBaHHSIM €JIEKTPOHEHTPATLHOCTI
1a3Mu, 00 ISl IOCTIHHUX PIBHOBAKHUX 3HAYEHb T'yCTHMH KOMIIOHEHT yMOBa €JIEKT-
POHENUTPATLHOCTI Ma€ BUKOHYBATHUCh.

JJist moanbIIoro JoCiKeHHs 3po0uMo niepeTBopeHHs Dyp’e:

oz, (k,t)=[d°xe™™ag, (% 1) (5.3)
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Ta BUOEpEMO CUCTEMYy KOOPIMHAT TaK, o0 Bick OX Oyna criBHampsMIieHa 3 XBUIIbO-
BuM BekTopoMm K. Toxi B Tepminax ®Dyp’e-kommnoneHT piBHsHHS (5.2) HaOymyTh BH-
TSy

oon,

= Ve KON, — 7y KON~ ikngv — 7 KS6T-ikngu,

oon
ot

oov,
ot

85Uy
ot

=~y K200, — 7, K6 — iknbu, -y KST+ ikno sy,

=ik B,on, +ikBon. —gkzmaux +ik B80T — gkznlﬁux,

oouv,

= -n,K*dv, —n KU,

=-n,k*6v, —n,k*su,,

90T = —aNek2§ne —ay K?sn — % iKTov, — a, K*ST + ika ou, —a_ kot

oou
% = 257 +ikO,0u, - O.K25T,

:—;(uk25uy

oou, oou,

=-A,0U, — (;{u + ;(u) k25ux+ iky,or,

=—y,k?5Uu,, (5.4)

koedimientu B (5.4)naBeneni B (5.2).
PiBustaas (5.4) MoXXHa repenucaTi B MATPHYHOMY BUTJISIL:

9% _

M (k) o 5.5
& - M(k)og (5.5)
ne 6& — crorens 3 IICO &Z, (k,t), a marpuus M (K) € ysaransHeHOO rigpoauHami-

YHOIO MaTpuIlelo (y3araJibHeHOw, ToMy 1110 1e MaTpuist 10x10 3 rigpoauHaMivHUMU
ta penakcauiiiaumu [1CO, a He matpuus 6x6 y paMKax CTaHAAPTHOI TJIPOJUHAMIKH).
VY nopanpmioMy AOCHIIKEHHS MPOBOAUTHCS 3 YpaxyBaHHSIM MajoOCTl XBUIbOBOI'O BEK-

Topa K (XBUJIBOBHIA BEKTOP € MajuM, 00 Malli rpaaieHTH B cucteMi). Marpuigr M (k)
HE € epMITOBOIO, TOMY BOHA Ma€ Mpasi ¢, (k) Ta JIiB1 ¢Zn (k) BJacH1 QyHKIIII:

M () (K) = 2, ()6, (k). , ()M (k) = 2, (k)i k). 56)
BJIACHI 3HAUYEHHA A, (k) € OJTHAaKOBUMHU JTsI TIPaBUX Ta JIIBUX BiacHUX (yHKii. [Ipasi

BiacHi ¢yukuii matpuni M (K) e croBmusmu, a niBi — pAaakaMy. 3ayBakKUMoO, IO Hi
y y
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cama matpuisgs M (k), H1 11 BacH1 ¢yHKIIIT Ta BIacH1 3HAYEHHS HE 3aJIe)KaTh BiJl 4acy.
HopmyBanns BiaacHUX (PyHKIIIH Take:
I (K) 1 (K) = G (5.7)
Buiachi 3nauennst A,(K) e nucnepciiiHumu 3akoHamu st Mog. Boru otpumy-
I0ThCSI HA OCHOBI PIBHSHHS
det‘M - Al ‘: C. (5.8)
PiBustaast (5.8) mictuths perepminant 10x10, ta, BiamosigHo, Mae 10 po3B’s3KiB.
L1i po3B’si3KM OTPUMYIOTHCS Ha OCHOBI siBHOrO Bursiny Marpuri M (K), sikwmit 3ama-

Huid piBasHHSAME (5.4) Ta (5.5). Jlnsg aucnepciiHUX 3aKOHIB U MOJ OTPUMAHO TaKi
pe3yibTaTH:
Ao =G TPk + O(o k2, K°);

2Ty B@ye ook ok k).

=+i
=3 m a2

10zT7° 0 _ g, 5 (o NTH)
()| o (6 47) s $2( 40 - d0)" o

__b(z)i\/bz(z)—"'a( 3 ¢ ?kz+o(ak2,k3),

o 2a(2)
5T z+1 57T3 - , 0 ) 2T2
a(z):?%, b( )_Z_me g ( 2% 4 Z@f( )Jnime
_ 5nzT Q@ O _ O i
()= am (e & " d:):

17,8 =-4 _Zukz + O(kS) ;
Ay =—4, +(—( © +;(f,°))+¢9l§°);(f(°)lu‘l)k2+ O(ok?k?);
g =2 +(=0° =09 292, )k*+0( ok’ k7). (5.9)
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Momun A, 4 € rigpoAnHaMIiYHUMH MOJAMH CUCTEMH; 3ayBa)KHUMO, L0 KIJIBbKICTb

riapoauHaMigYHUX MO/ 30iraeThes 3 KutbkicTio [ICO cTaHmapTHOTO TiIPOIMHAMIYHOTO

CTaHy cucTteMu. Mo’KHa MOKa3aTy, 10 PIBHAHHS 11 MOA A, s Ta A, , PO3ILIATHCA,

TOOTO OTpUMaHi TYT T1APOJMHAMIYHI MOJHM € CTaHJAPTHUMU TAPOJAUHAMIYHUMH MO-

namu cucteMu. Moau A, ;, € KIHETHYHUMHU pPEJIaKCAlllHHUMU MOJIaMU CUCTEMH.

Bekrop & poskiazeMo Ha BiacHi ¢yHkuii marpuui M (K):

10
SE(t)=>.6,(t)4,, (5.10)
n=1
Ha ocHOBI (5.5)Ta (5.7) orpumaemo
6,(t)=4.05(t), 6,(t)=€e"6,(0), (5.11)
T06TO BenmunHa 6, (t) 3anekuTh Bix Yacy 3a 3aKOHOM e . Bennunna 6, (t) nasuBa-
€THCSI MOJIOKO CUCTEMH, 11 (PI3MYHMIA 3MICT — KOJEKTUBHUI pyX MapaMeTpiB CKOpoue-
nl ;
HOTO OIKCY 3a YaCOBUM 3aKOHOM €. Sk 6auumo, 1 OTpUMaHHS MOJ HEOOX1THO
oTpuMatu BiacHi ¢yHKUii Matpui M . Y 1l poOoTi QyHKIIT ¢, Ta qzn OTpUMaHI B

I'OJIOBHOMY IIOPAOKY 34 MaJIUM XBHJIBOBHM BCKTOPOM. Ha ocnoBi 11050.¢ pGBYJIBTaTiB

MOJKHa I10Ka3aTH, 110

91~5Uy1 02 ~5UZ, 93’4~ﬂN(5ne+5ni)i CS§UX+ /BTé‘T’

Oe~OT +as on+hbon, 0, ~su, 6, ~du, 6,~du, 6,~r,

o [Pz T (5.12)

S 3 rr]e
koedimientn 8¢ Ta b 4 € gyxKe rpoMisakEME, TOMy BOHHM TYT He BHMHCaHi. SIk Gaun-
Mo 3 (5.9) ta (5.12), Momu A, , ONMCYIOTH 3racaHHs MONEPEYHHX KOMIOHEHT MacoBOi
IIBUIKOCTI, MOJI A, , € 3ByKOBUMH MOJAMH Ta MOIH /g ¢ € TEIIOBOIO Ta AU (y3iiiHO0

Moaamu. Sk 6aunmo, y 3ByKOBUX MOJaX OEpyTh y4acTh TYCTUHU KOMIIOHEHT, TEMIIC-
paTypa Ta MOB3J0BXHS YaCTMHA MAcOBOI IIBUJIKOCTI, a B TU(]y31HHIN Ta TEIIOBI MO-

1i — JMIIe TYCTHHU Ta Temrepatypa. Moau A, OMHUCYIOTh 3racaHHs MOMEPEYHUX
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KOMIIOHCHT BiI[XI/IJIeHHH u , Mmoaga /19 OIMUCYy€ 3raCaHHs HOBBI[OB)KHLOI KOMIIOHCHTH

n?

BIAXHMJIEHHA U, , a MOJia A, OIUCYy€ 3racaHHs rapamerpa 7.

5.2. Peakcaniiine 3racaHHs IJ1a3MOBHUX XBWJIb
Ie miapo3auT MPUCBSIYCHO JOCITIKEHHIO MOJI CHCTEMH Ha OCHOB1 KIHETUYHOTO
piBusHHA Jlanmay—Biacosa. Sk Bimomo [147, 9], e piBHAHHS Ma€ BHTIIS
f pn 6f ( )5f
8’[ ma 8><n op,

ne E,(f) - camoysromxene enexrpuune none, |, (f ) — inrerpan sitkuens Jlannay.

(), (5.13)

Ione E,( f) 3sanoBonshsie piBHsiHHIO Makcseia—Ilyaccona:

Zi‘ =4r(-en + zen). (5.14)

3 (5.14) 6aunmo, o 3 ypaxyBaHHSAM €IEKTPOHEUTPAILHOCTI CUCTEMH B IPOCTOPOBO-

OJIHOPIJTHOMY PIBHOBa)XHOMY CTaHI CaMOY3T0JI)KEHE T0JI€ BIJICYTHE: TI0JIE En( f) € Ji-
HIMHUM 32 MQJIMMHU BIIXWIEHHSAMHU O& . 3ayBaKMMO, IO CaMOY3TOJKEHE MarHiTHe

1oJjie He BpaxoByeThcs B piBHsAHHI (5.13), 60 Horo BHECOK 3HUKHE B JIIHEAPH30BaHIN
teopii. Ha ochosi piBastHHES (5.13) oTpuMaemo, o yacosi piBHsHHS i [ICO cucte-

MU MAKOTh BUTJIA

on, 1oz, ov, 1 ( om, ot ]
=—— , = -—L+E,(zen- ep) |,
ot m ox, ot mn+mnl " ox 5>F
T__ 2 (% 35 Llom,, oy 1,0m,
ot 3(n+n) 9%, 2 F'm ox, OX 2° ox, )’

u,_R, 1 ( omy 0t o e
ot mene m,n, e”@xl 0% ot m "

@ _ Z(Qe - RenUen) " 2 (_ aqen + 3Te 67z-en+ ot enll) 1)2887[ erj B 8The. (515)

ot 3n, an| ox, 2m ox. ox, " 2 ox
SIk 6aunmo, piBHsHHS (5.15) 30iraroThest 3 piBHIHHAMU (4.7) 32 BUHSITKOM 4Yaco-

BUX PIBHSHB Ui U, Ta U, .
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Ha »xanb, peanizauis merony Uemnena—EHckora 3 mociioBHOIO MOOYI0BOIO Te-

opii 30ypeHp 3a ManuMH mapaMmeTpamu g Ta ¢ st piBHAHHA (5.13) € Bakkoro 3ama-

4ero. 3ayBakKMMO, IO CTAaHAAPTHUM IXOAOM Y JIITepaTypl 0 PIBHSHHS 3 CaMOy3ro-
JLDKEHUM 4YJIEHOM € TIoOy0Ba JllaHepU30BaHoi Teopli 6e3 BUKOpUCTaHHS MeToay Yem-
nena—Enckora. [Ipote B pamkax meromay Uemnena—EHckora Mo>kHA TOCTIANTH MOJU B
0e3IMCUNaTUBHOMY HaOMKEHHI. 3ayBa)KMMO, IO BpaxXyBaHHS MPOIIECIB JUCHUIIALIL
(B’S13KOCTI, TEIUIONPOBIIHOCTI, MU(y3ii) 6a3yeThCs HA BUBUCHHI MOTOKIB y IMEPIIOMY
MOPSAIKY 32 (; PIBHSHHS T1IPOJUHAMIKH, sIKI MOKHA OTPUMATH Ha OCHOBI IIPOCTOPO-
Bo-omHOpimHOI PP, Ha3uBalOTh PIBHSHHAMH O€3IMCHUMATHBHOI (17€abHO1) TIAPOIH-
HaMiKd. ToMy «Oe3TUCUITaTUBHUM HaOIMKEHHSIM» TPH JTOCTIIKEHHI MOJ CUCTEMHU B
JUCEPTALlll HA3UBAETHCA HAONMKEHHS, AK€ TPYHTY€EThCS Ha BUKOPUCTAHHI IPOCTOPO-
Bo-oaHopinHux @PK. Ilpu npomy B pamkax JiiaHEpU30BaHOI Teopii OE3UCUIAaTUBHE

HaOIMOKEHHS Jla€ Taki JIiHiHHI yacoBi piBHsHHS 11 [ICO:

oon, _ 0dov dou, oon o0ov , 00U,

-Nn I’l_n n’ [ _n+
& T Tax ot Vax 7o
oov, oon, oon, 00T 00T  2_00v, oou,
ZIBN +ﬂN +ﬂT , =—=T +Q,
ot OX, OX, OX,, ot 3 OX, OX,
00t oou
—=-A0r+0 o,
a - TS
oou, e 65T+§N 85n6+gN, agn—ﬂﬁun—i@—iﬁ“
ot OX ° OX, " OX, m, 0X, m,
1 T T
=-—4+0(0?), gy, ==—=+0(0?), gy =——0"+0(c*);
er =1+ 0(0%) e =+ 0(0%) ey =m0t +O(e): (51

Ti KoedirieHTH, 1o He Bu3HaueHi B (5.16), Bu3Haueni B (5.2) 3ayBaxumo, 1110 BHECKH,

AK1 MICTATh TPAJIEHTH T'YCTUH Ta TEMIIEpaTypu B 4YaCOBOMY PIBHSHHI A U, y mome-

. .. . 1
peIHBEOMY HiZpO3ili KOMIEHCYIOTECS BHECKAMH Bif mkepena Ry mopsaxy u°gl,
MpoTe B IIbOMY Miipo3ain Mu He BuBuaemo ®PK y mopsinky ,uogl. JlocmiKeHHS THC-

NepCciiHUX 3aKOHIB JIJII MOJI Ta CaMUX MOJ IPOBOJMUTHCS aHAJIOTTYHO MOMEPEIHHOMY

Miapo3auTy. Bpemri-pemT a1 AuCnepCiifHuX 3aKOHIB OTPUMAEMO TaKi pe3yabTaTH:
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2,=0(K), 4,=ike, +O(0?k k?), 4, =O(K?),

/16,9:_/1_2”ii 0)‘2)—/1—5+O(62,k2),a)s:4ﬁ::ne;
o=, +O(K), Ap=—4 +0O(K), (5.17)

ne C, — MBUAKICTh 3BYKY, BH3HadeHa B (5.12), @, — TJIa3MOBA YacToTa, a BeINYHHA
A, B (5.17) B3sTa B roJoBHOMY MOPSAKY 32 o . JJIsi caMUX MOJ OTpUMAaHO Taki pe-
3yJIbTaTH:
0,4~ Br(SN,+6N)x cov,+ B6T,
496’9~e(25ri1—5lg),6’7~5uy,¢98~5u2, 6, ~or. (5.18
Sx G6aummo, disuunmit 3mict Mox 6, ;5 TaKuil caMuii, K i B MONepeIHBOMY
posxini. Momu 6;, onucyrOTh penakcaniiiHe 3racaHHs IJIa3MOBUX XBMIIb, iX Qi3uu-

HUH 3MICT — KOJIMBAHHS 3apsiyiiB IMiJ i€l caMmoy3ropkenoro mojis (nus. (5.18)). 3a-
YBOXXUMO, IO TaKui camuil Pi3uyHUN 3MICT MArOTh IJIa3MOBI XBUJIl, OTPUMaH1 Ha OC-
HOBI piBHsHHA Biacosa [146, 9]. Pesynbratn (5.17) Ta (5.18) y3romKyroThes 3 IPHH-

[IMIIOM BIAMOBIIHOCTI. SIKIIIO0 B HUX ITOKJIACTH o, = 0 (ToOTO AKIO 3 HUX BUKUHYTHU TY

BEJIMYMHY, SIKy B HUX IPUHIC CAMOY3TOJKEHUH YJIEH), TO OTPUMYEMO PE3yJIbTaTH AJIS

MoJ KIHeTUYHOro piBHsAHHA Jlanaay, a Akmo B HUX noknactu A, = A, =0, To oTpuma-

€MO MOJIM KIHETUYHOTO piBHSIHHS BracoBa (ToOTO Tia3MoBI XBUJIl Ta 3BYKOBI MOJH;
3ayBaKUMO, 110 3BYKOBI MO B OC€3/IMCUIIAaTUBHOMY HAOJMKEHHI MalOTh OJHAKOBHI
BUTJISI JJ1s1 KIHETUYHUX piBHSIHB Briacora, Jlanaay ta Jlannay—Biacosa).

JleTanpHilie MOTOBOPUMO TPO MOJM pellaKcalliiHOro 3racaHHs. Sk OGaunmo 3

(5.17), ix mekpeMeHT 3racaHHs y; Ta 4aCTOTa ( BiJNOBITHO JOPiBHIOIOTH

(5.19)

Ax 6aunmo, (Pi3MUHO 3a pellakcalliifHe 3racaHHs IJIa3MOBHX XBHWJIb BIJIIIOBIJA€E

npoiiec penakcariiii mBuakocTi. [lopiBHsIEMO Halle pejakcaliiiHe 3racaHs 3 BiJIOMUM
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y mitepatypi [146] sracannsim Jlannay. Sk Bimomo, nekpemeHt 3racanss Jlannay nopi-

BHIOE€

—\/E&ex _i_é 5.20
7L 8(kI‘D)3 2k2I’DZ 2 (5.20)

ne I, — paaiyc lebas. SIxk 6aunmo, Xoua B IOBHICTIO 10HI30BaHIM IuasMmi A, <K @,

mpoTe ¥ =Consi, a y, ——z—>0. ToMy npy ManuxX XBUILOBUX BEKTOpax peaKca-

IIfHE 3racaHHs € 3HaYHO OUTBII BaroMuM 3a 3racanHs Jlanmay. Jleski 4rciioBi Xxapak-
TEPUCTUKH JJIsI PI3HUX MOBHICTIO 10HI30BAaHUX IJIa3M Ha/laH1 B TabuII 7:

Tabmums 7. KoedirieHTr 3racanHs s IESIKAX TOBHICTIO 10HI30BaHUX TLTa3M

[Tnasma n,om > T,K 7r]@, -
TOKaMaK 10% = 10° 10° (O,3+ 1,3- 10° | 0,146+ 0,15:
MDKILIaHEHTA

107 + 10 10' (0,03+1,5- 10 | 0,133+ 0,14
masma
COHSYHA

10* + 10 10°+1¢ |3-10"=+1,5 10° | 0,119+ 0,14
KOpOHA

Tabnuiro 7 moOy0BaHO 3 YypaxyBaHHSIM TOTO, IO KYJIOHIBCHKHI Jorapudm oIri-

HIoeThes sIK L ~10+ 1E [55]. Bennunna @ — e Take 3HaueHHs Kry, mo npu Kr, <@
Ve > V.- 3ayBaXUMO, IO CXOXI pe3yiabTaTd Bimomi B mMozeni xene [146], mpore pe-

3yJbTaTH i€l poOOTH € Ounbl 3aranbHUMU. [lo-iepie, peanizoBaHO BUX1] 32 MOJEIIb
&ese, TOOTO BpaxoBaHO BIAXWJIEHHs (DYyHKII po3mojauly 10HIB BiJ piBHOBaru. Ilo-
Ipyre, 3°sCoBaHO (BI3MUHUN 3MICT pellaKcallifHOTO 3racaHHs — (DI3UYHOI0 OCHOBOIO

penakcauiiHOro 3racaHHs IJa3MOBHX XBWJIb € MPOLIEC peraKcalii BUIKOCTI.

BucHoBkm 10 po3aiay 5
Ha ocHoBi i71¢ei y3aransHeHHss MeTony Yemnena—EHCKora, 3apornoHoOBaHol B -

ceprailii, OTpMMaHO MOJM KiHETMYHMX piBHsHb Jlanaay ta Jlannay—BnacoBa. 3ayBa-
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KUMO, IO B JIITEpATypl PO3TIIS] 3BUYAHHO 0a3y€eThCsl HA KIHETUYHOMY piBHsIHHI Ba-
coBa 0e3 1HTerpany 31TKHEHb Ta PO3TIIAIA€THLC MOICIb JKelie. Y IMiil poOO0Ti BpaxoBaHO
BinxusieHHss OP 1oHIB Bij i1 pIBHOBaXHOTO 3HAYEHHS, TOOTO PO3IIISIAETHCS BUMAOK,
KU € OUTBIN 3araJIbHUM 33 MOJIETTh JKeJle. 3ajada 3HaX0/KEHHS MOJT Ha OCHOBI KiHe-
TUYHOTO PiBHSHHS JlaHgay 6€e3 caMOy3roKeHOro 4JieHa € BaKIUMBOIO TOMY, IO OIH-
Cy€ BIUITUB 1HTErpajy 31TKHEHb Ha MOJH, a TAKOX JI03BOJISIE 3MEHIIUTH PO3MIPHICTh
3a/1a4i MpY OMUCY TUTa3MU B TEPMiHAX B3aEMOIIIOUUX €JIEKTPOMArHiTHOTO TOJIS Ta Ya-
CTUHOK 3 OJIN3bKOIIF0YOI0 B3aEMO/IIEIO.

B pamkax miei 3amayi OTpUMaHO MIICTh TAPOAUHAMIYHUX MOJ (KUTBKICTH Tipo-
JUHAMIYHUX MOJ] JOPIBHIOE KIIBKOCTI MapaMeTPiB CKOPOUECHOI'O OMHUCY CTaHIAPTHOTO
TAPOAMHAMIYHOTO CTaHy: TYCTUHU JBOX KOMIIOHEHT, MacOBa IIBUJIKICTh 1 TEMIIEpaTy-
pa) Ta yoTupHu penakcaiiitii moau. Cepen riipoAMHAMIYHUX MOJ Ma€EMO 3CYBHY, TEII-
JIOBY MOJTy (BOHH € 3racaro4rMMHU MOJIAMH JIPYTOTO MOPSIIKY 32 MaJIUM XBUJIHOBUM BEK-
TOPOM, B HUX BXOJSTh T'YCTHMHHM Ta TEMIIEpaTypa CTaHAAPTHOTO TiJIPOJIMHAMIYHOTO
CTaHy), JIBl 3ByKOB1 MOJIM Ta JIBl MOJH, SIKI OMUCYIOTh 3racaHHs MOMNEPEYHUX KOMIIO-
HEHT MacoBOi MIBUJKOCTI. 3 YOTUPHOX pEJaKCAI[IHHUX MOJ] JIBl OMHUCYIOTh 3racaHHs
MOMEPEYHUX KOMIIOHEHT BIJIXUJICHHS IIBUAKOCTI Bl CTAHAAPTHOTO T1APOJUHAMIYHOTO
3HAYCHHS, OJ{HA — 3racaHHs IMOB3JI0BXKHbOI KOMIIOHEHTH BIAXUJIEHHS IIBUIKOCTI Ta
OJIHAa — 3racaHHs BIAXWJIEHHS Temrmeparypu. Bci penakcailiiiHi MOJIU € KIHETUIYHUMU
MOJaMH CUCTEMH.

[Ilogo 3amadi 3HAXOJKEHHS MOJI HAa OCHOBI KIHETHYHOTrO piBHSHHS JlaHmay—
Brnacosa, T0, Ha *ajb, peali3yBaTH TEOPIiO 30ypeHb 32 MAIMMH BIIXWICHHSIMH Ta Ma-
JUMU TpaJllEHTaMU B paMkax metoy Yemnena—EHcKora B moBHOMY 00Cs131 HE BJIA€Th-
csl, IIel MEeTOJ aJanTOBAaHUW J0 KIHETUYHUX PIBHSIHB 0€3 CaMOY3TOJKECHUX YJICHIB.
[IpoTe MOKHA OTpUMATH MOJU B OE3IMCUNIATUBHOMY HaOIM>KEeHH1, TOOTO B3sBIIU (Y-
HKIII1 pO3MOALTY KOMIIOHEHT JIMIIIE y HYJIBOBOTO TOPSIIKY 3a TpajieHTaMu. Moy piB-
HsuHs Jlangay—BnacoBa po3paxoBani B po0OOTi came B Takomy HabikeHHi. OTpuma-
HO TPH T1JIPOJIMHAMIYHI MOAM JIPYroro MOPSIKY 32 MajJUM XBUJIBOBUM BEKTOPOM, JBI
penakcaliiifHi MOJH, SIKI ONMUCYIOTh 3racaHHs IMONEPEYHUX KOMIIOHEHT BIIXHUIJICHHS

IMIBUAKOCTI, OJJHY pelaKcaliifiHy MOy, sIKa OMHUCY€ 3racaHHs BIIXUJICHHS TeMIEpary-
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pH, B 3BYKOBI MOJIY Ta JBI MOJIH, SIKI OTMMCYIOTh PEJIaKCaIliiHe 3racaHHs TUIa3MOBUX
XBWJIb. HaBemeHo 4rciioBi 3HAYCHHS JAlana30Hy XBIJIBOBUX BEKTOPIB, MJISl IKUX pelak-
calliifHe 3racaHHs € OLIbI BaroMuM 3a 3racaHHs Jlanmay. BcranoBneHo, mo ¢i3ud-
HOIO MMPUYMHOIO PeJIaKCaI[ifHOTO 3racaHHs IJIA3MOBHX XBHJIb € MPOIIEC pellaKkcarii mo-
B3JIOB)KHBOI KOMITOHCHTH BIJIXUJICHHS MIBUIKOCTI €JIEKTPOHIB BiI CBOTO CTaHAAPTHOTO

TpOIMHAMIYHOTO 3HAYCHHS.

Pesynbratu po3ainy 5 omy6iikoBano B poborax [15, 16, 20, 24, 25, 36, 38, 41,
43].
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BUCHOBKU

1. Ha ocHOBI KiHETUYHOT'O PIBHSHHS BIEPIIE PO3POOJICHO 3arajibHy TEOPiI0 pe-
JaKCaAIIHHUX MPOIECIB B OKOJI T1IPOJUHAMIYHHUX CTaHiB (y3araibHeHUU meron Yemn-
MeHa—EHCKoTa) UISIXOM pO3TJIsy IUX MPOoLieciB O iX 3aBepIieHHs (B poOOTI pena-
KCAllIMHUMU HA3WBAIOTHCS TIPOLECH, $KI MOXYTh BiJOyBaTucsi B IMPOCTOPOBO-
OJTHOPITHIN cHCTEMI).

2.3a nmonomororo ysaraibHeHoro metony Yenmena—EHckora Bmepiie 1ocii-
JHDKEHO MAaKCBEJUTIBCHKY PEJIaKCallifo B OJHOKOMIIOHEHTHOMY Tasi. [loka3ano, mo Bi-
noMi pe3ynbrat ['pena muist pyHKIii po3noAiTy Ta YyaciB pejakcallii MOTOKIB BIAMOBI-
Jal0Th HAOMMKEHHIO 0JfHOTO TosiiHoMa CoHiHA, Ta 3HAMIEHO BUPa3H JJIS BIAMOBIIHUX
BEJIMYMH Y HAOJIM>KEHHI IBOX MOJIHOMIB.

3. Ha ocHoBi y3aranpHeHOro merony Yemmnena—EHckora Bmepiie JOCTIIKEHO
perakcarlliiiii mpoIecy B IMOBHICTIO 10HI30BaHi# 1u1a3Mi O ix 3aBepiieHHs. Po3po0-
JIEHO METOJ PO3B’SI3yBaHHA OTPUMAaHUX IHTETPAJIbHUX PIBHAHb Yy Teopii 30ypeHb 3a
MaJIMM BiJIHOIICHHSIM Mac eJIEKTPOHa Ta 10Ha 3 MOAAIBIIUMUA OOUYUCICHHAMH METOJIOM
00ipBaHUX PO3BUHEHB 3a noiaiHoMaMu CoHiHa. [TokazaHo, 1110 HAOJIMKEHHS JTOKaJIbHO1
PIBHOBAru Ja€ BipH1 pe3yibTaTH JIUIIIE B TOJOBHOMY TOPSIIKY 32 BIIHOIICHHSM Mac Ta
B paMKax JIiHIWHO1T Teopii penakcaii. OTpUMaHO MOMPaBKH 10 I[OTO HAOIMKEHHS B
Teopii 30ypeHb 3a BIAHOILIEHHSM Mac y JIHIHHINA Ta KBaApaTH4HIA (3 KBaAPAaTUYHOIO
HEJTIHINHICTIO) TeOpisX penakcarlii. Y BiAMOBIIHUX 4JeHaX Teopii 30ypeHb 3a BiTHO-
LIEHHSIM Mac MOKa3aHo, 1110 OTPUMaHi B JucepTalliiiHiii poOOTI BUpa3u OLIbIIl 32 BHE-
CKM HaOJIM>KEHHS JIOKAJIbHO1 PIBHOBArH.

4. JIoCIKEHO T1APOJAUHAMIYHI TIPOIIECH B TUTa3Mi NMPU HASIBHOCTI B HIM pejiak-
caniiHux nporecis. [Tpu 11boMy BpaxoBaHO BUIII€3a3HAUYECH] TOMPABKY 10 HAOIUKEHHS
JOKaIbHOI piBHOBaru. OTpUMaHO MOTOKH €HEPrii Ta IMITYJIbCY ¥ KIHETUYHI Koe]irieH-
TH TUTA3MU 3 YPaxXyBaHHSM TPOIIECIB peslaKcallli MBUIKOCTEH Ta TeMIepaTyp KOMIIO-
HEHT.

5.Ha ocnoBi kiHeTnyHux piBHAHB Jlangay Tta Jlammay—BmacoBa mocimimkeHO

MOJIM TBOKOMITOHEHTHOI TIJIa3MH B T1JIPOJAMHAMIYHUX CTaHaX MPH HAsIBHOCTI pejakca-
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uiHux npouecis. [Ipu npomy B pamkax Teopii 30ypeHb 3a BIIHOIICHHAM Mac MOCHi-
JIOBHO BpaxOBaHO JUHAMIKy 10HHOI KOMMOHEHTH. OTpUMaHO MOJU pelaKCcaliiHOro
3racaHHs IJIa3MOBHX XBWJIb Ta BKA3aHO Jialla30H 3HAYeHb XBUJIHOBOTO BEKTOpa, KON

penakcalliifHe 3racaHHs € BaroMimmm 3a 3racanus Jlangay.
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Jonarox 1. Bupasu nJis JliHeapu30BaHOIr0 oneparopy 3iTkHeHb Jlanaay B pisHuMX
NopsiAKax Teopii 30ypeHb 32 BiTHOLIEHHSIM Mac

SIBHumit Bupa3 i onepatopy K, Taxwmii:

Rah, = 27€2 LW, Zede[ Ny ah"jD{ﬁ—ﬂ

w Ww. (6.1
bcan, 89 I rq m} aaN c ( )

Ha ocHoBi (6.1) MoxHA OTpUMaTH Kab y PI3HHX TOPSAIKax Teopii 30ypeHs 3a o
Js mii Kab Ha napHy (QYHKIIIIO BiJ iMITysibey h maemo:

K=K +K2+0(c*), K;=KP+K{+0(o°),
R i i o i (6.2)
Ko =K@ +KP+0(0°), K, =K® +K?+0(c").

SIBHI BUpa3u ISl TOJIOBHUX MOPSKIB Yy (6.2):

oh, oh
K(o)h _ 27Z'e Lme ep_j d3 FjWepWépDrﬁ pP— p)( 89 ap ]

oh
_27[2264 LrQ n Vgp ap V\ép nl( )_P

op

A s oh,  oh,
K®h, =2ze‘Lm Lvypla—n]J‘dstVM WD (p- p)( on  on ]

) oh,
RPh, =277% Lmw = w, | d* pw, DY( p-o b) o
o,

. oh,
K&h, =2rz%* LITLV\{p j d*gw, DY( p-o? p)a—F; : (6.3)
BUpPa3H JJ1s1 OB BUCOKHX HOpH)IKiB TaKOX OTPUMYIOThCSI Ha OCHOBI (6.1)

s nii K, Ha QyHK1IiIO pshp, e hp — mapHa (DYHKITIS BiJ IMITYJIbCY, MAEMO

Py +(Rp )7 +0(e"),
p.) +(Rp )~ +0(o%),

(K,eps)(l) + (K P s)(3) + 0(05) ,

X>

Ko o=

Kaps=(

X)
> >

Kie p
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K, p, :(Kii Ps )(0) +(Kii Ps )(1) +O(03), (6.4)

SIBHI BUpa3u ISl TOJIOBHUX MOPSAKiB Yy (6.4):

(Keep) . ep o Bw WD (| P- p)(agp;; _52; IOSJ_
_or 7 anvxgp -, )8';’:;",
(A o} ) h, =27¢€' Lm LWp dw w, D, ( p- p)(agphf); _822?&}
(Keips)(o)hp:anze“ Lm W, 6w, w, D, ‘)agp;;
(K.p.) " h,=2r2¢ Lmw; jd3 6w, Dy p)agpﬁp; (6.5)

BUPAa3M [T OUTBII BUCOKUX MOPS/IKIB TAKOXK OTPUMYIOTHCSI Ha OCHOBI (6.1)

Jlmst mii Kab Ha Qynkuiro p, p,h), ne h, — mapua QpyHKuis Bix iMITyIIbCY, MaEMO:

)

)

RePaPrn=(RePaPn) +(KiPopr)  +Oc®).
)

Kii Pn P, :(Kii SH pn)(l) +(Ki S pn)(O) + 0(02 ’

SIBHI BEpa3u JJ1s TOJIOBHUX MOPsKiB y (6.6):

(6.6)

. apn pmg
(Keepnpm) :_27[22é1 Ln m\/\ép epDn( F)Tp-l_
op, pLhy 0
27Z'e4 I—nL UV\{ep ep n( p_ p){ an - pfég“ﬂh?)’

(Kii P, Pn )(_l) hp =
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o, Py 9p, nnho]
on op )

0 h,
Dl)( p-o p) pn Fr;m

=2r€’ me;lij d’ Pw v D, (p- [j)(

A (0) B
(Keipnpm) hpZZﬁZZéan]eV\é)é
(6.7)

. op., p..h
(Kiepnpm) h,=2z7¢ mep ij ¢ pw, O p-o2p p”;;rf =,

BUPA3M IS OUIBII BUCOKUX MOPS/IKIB TAKOK OTPUMYIOTHCSI Ha OCHOBI (6.1).
Hna nii K, Ha dyHKuio p,p A, h), i (S hp — mapHa (QYHKIIS BiJ IMIYJIbCY, Ma€-

MO:
ReoPoPiPo=(Keb PP +(Kap i) + qo?).
RoPoPuPi=(KaPoPab)  +(Kipmon) + Go?).
RePoPP =(KePoPan) +(Kepopop) + qo®).

K; P, P, 1 :( K B Ry p)(Z) +( KRR p)(l) + qo-l)’ (6.8)

SIBHI BUpa3u JUIs TOJIOBHUX MOPsAKiB y (6.8):

(Keepnp.pm) hy=-277¢ Lmw, jd* DWW, Dof P———— dILLN

ap,
oA ORRR fa
+2re Lmw, _Idgﬁ LW, D { P p)[ on, on

n (-2)
(Kiipnpmn) h):
PN R R, p'a]

27¢€' Lmvy;%j d’pw v, By ( P- rﬂ)(

op, op,
A o e 0P, P AL
(Keip“pmp') h=2z2¢ L”JV\épa W, D, F)j d prTm,
W q
(Kiepnpl pm) h,=277 ¢ Lmw— V\{,I ¢ pw, D D p”?pq”hj (6.9)
q

BUPA3H IS O1JTBIIT BUCOKHUX TOPSIIKIB TAKOK OTPUMYIOTHCS Ha OCHOBI (6.1).
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Jonarok 2. SIBHiI BUpa3u 1A GyHKUiIH po3moaily KOMIIOHEHT MOBHICTIO 10HI30-

BAHOI IJIa3MHU fa(;’l)

'%Jnl( gzgc')l')r nlp+ O(G ) Anl p) gIU(4)h‘|p + O(O- )

gu(o) 10n,mT , guEe = ge(O)Wt()Ogo B n, 52
10200, (mT) - W, T 1o (mT)* A0 nmTA®
ak bs {h nlp§/2 (ﬂ&‘ ap) hnlp§/ ( 9} hnIp n - F’25nl /3 (7 1)

PesynbpraTu miis A;‘m ( p) OTPUMAHO B HAOJMXEHHI OJHOTO TOJIIHOMA, OIlIHKA
0(03) € aTpiopHOIO.

IT(p) p gg(O) 2(ﬂgep)-i_ qa)’ A;T( ) pn ng(l)$3/ (ﬂg'p) qU),
o) 1 (15__ 8n§e4 '—WT”L gT(O) +ﬂ- nie4 L\/” m gT(O)j’

gel Géf)el T -I-3/2 e0 4 T3 2 e2

cy 1 [ 15n, 31nnZ¢€ Lfzm gTz‘”]

917 TE| T 4 17

iljl

Gaips = { plgjz(ﬂgap) B gz(ﬂg bp)} (7.2)

T . . .
Pesynbratn mmst A (p) OTPUMaHO B HAOJMKEHHI OJIHOTO IMOJIHOMA, OI[IHKH

O(O') € anpiOpHUMHU.
e (p)=0a""p,§%(Be o)+ Ao), A (p)=p,g7 P F?(Be, )+ Qo)
Ny 1 [1—5—8 o '—\/7?”19 gNe(O) +ilnie4 L\/ﬂ' m gNe(O)j,

GO, 2 T7% 4 X <

gTN (@ _ 15 1 15 1 7Z'T
1 2G0T 16rle Ly (7.3)

N . . :
Pesynbratn s A;ne(p) OTPUMaHO B HAOJIKEHHI OJHOTO IOJIHOMA, OIIHKHU

O(O') € anpiopHUMHU.
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N, N (1 . 15 n, T
Ar (p) P 0h ()s/z(ﬁglp) qa) g = 16 72°¢ Lﬂs\/z'
o (P)=p.gat @S (e o)+ o),

ne 1|45, , 150 15mz

= (o2 (o)
Ja Goul N2 2 n (4x/§n +1322n)

8e '—WTWL N(2) 31l‘ée4|.\/7rme N(Z)). (7.4)

T/2 eO 4 T% e2

Tepmmii wieH y myxkax y Bupasi ams g5 ? e HacmizkoM ypaxyBaHHS HAIIHX

nornpaBok 10 HJIP (3.94). Pesynabratu mist A;T ! (p) OTPUMaHO B HAOJIMKEHH1 OJTHOTO

nosninoma, ouinku O(o) € anpiopHumy.

u 2
r’:lle(p):_émeggew)s/z(ﬂgep)é‘nl-l_ :"Fr(O) h + qg)

t’]|“e(p)=§%%ge%55fvz(ﬁeip)+ Qo),

1
. o
R (T W,
(7.5)
(169 +12gele+—gé)é‘Lnyi,/$J.
e (P) orpumano B maGmwkenni omHoro mominoma, AYF(P) e TouHmM

po3B’s3koM. OLIHKU O(a) € anplopHUMHU. JlenpTa-yacTUHU UX PYHKIIA Oyiau o04u-

cieHl 0e3 ypaxyBaHHS TOTO, IO MepIm KOedIIiEHTH B HUX 3aJIal0ThCS J10JaTKOBUMU
yMOBaMH, MPOTE OTPUMaHI PE3yJbTaTH YYAOBO Y3TOKYIOTHCS 3 JOJATKOBUMH YMO-

BaMH, 110 CBIIYUTH MPO HECYINEPEUIUBICTh OOUMCIIIOBAILHOI Mpoleaypu. Taky camy

CUTYAIlI}0 MAaTUMEMO U 1711 PYHKIIIHA A;’r': (p) Ta ”; ( p) :

u 2
r;(p) 3m 916'0(0) Z(ﬂgep)é‘nl-i_ hnIp T(O)+ C(U)
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o (p)= ; 9.0 9?(pe, )+ o),

(0)
(0) éﬂu +

1

uT(0) __

e T WO _10m (mT)° 2 ( tonm+ 10n(m1)" g
e0,e0 e e u

(7.6)
(169e © 4 1297@ e T(O)j e Lmarﬁ/ j

(p) OTPUMAaHO B HAOIMKEHHI OJHOTO IIOJIHOMA, A‘;,T(p) € TOYHHUM

uT
nl

PO3B’SI3KOM, OILIIHKH O(G) € alplOpPHUMH.
o (Pe) =95 N+ O(0),

" (p)ng”Lgel\é(z) S/z(ﬂgip)5nl + dn' B + C(O' )

1 2 5/1(0)
uN, (0) __ (0)10 T
geOTr Vve((;))eo ﬂ,ﬁo)lon e( m T)Z geOTr ne( rrL ) an
1 n 64 )
uN; (4) _ e P C)) u 0) N(0)
O :I-Oﬂifo)ni (m_l_)z (10 n ITLT Yo 5 ( mT) + \/i\é’30 o |- (77)

uN

ol (p) Ta 6e3ciizoBa yactua AL’ (p) OTpHMaHI B HaOJIM>KEHHI OJHOTO I10JII-

N .
HOMa, Jenbra-yactuaa A’ (p) € TOYHUM PO3B’si3koM, ouinku O(o) Ta 0(03) € an-

plOpHUMU.

= (p)=05%h,,+ O(c), AY(p)=g5>h, +O(c°),

19} 1
Oy = = WO (12menie Ld, “’&/ 10neme],
e0,e0

o 1 zm 7.8
g'OT(rl)_VViéfg [10er 12n mrt é Lg® = J (7.8)

(p) oTpuMaHi B HaOJKEHHI ofHOrO ToiHoma, ouinku O(o) Ta O(GO) €

(1%
nl

anpiOpHUMU.
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w 4\/_ o(D) z°e’ Lr]e\/” m
Alnm( ) 3

1
Jio ﬂlu(o)-l-yz ( Yinmp S"/Z( ) ﬁ %mpj + O(O') )
Alrn(P) = 9 Y+ 950 (B2 o) Yiomt A0),

wio) _ - (42 T—@\/_ ¢ Ld.” 1*)
geOIr 42ne(rneT)3ﬂ,b— @@ nerrE % rﬁni

uo(0) __ 1
Y5~ = (0) (0)
(29, -5 mTA)

{20neme 32;/_6L§$) ni/}

Qak,bs = { 81/2 ('Bg ap) Ynlml’ S7sz(ﬂg b‘) Ynlm}ab’

Zak,bs = {Si/z(ﬂg ap) ynlmp SQ{sz(ﬂg b;) y nlm})ab,

2
ymnlp = plé‘nm + pn5ml - § pnﬁnl’

1
mnlp = PaPnbP = 2( pn5ml+ prﬁnl+ pé‘nm)' (79)

uv
Inm

uv

om (p) OTpUMaHO B HAOJM>KEHHI OJJHOTO MOJi-

(p) € TOYHUM PO3B’SI3KOM,

HoMa, ouinku O(o) € anpiopHUMA.
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