Jekuia 2.
da30Bi nepexoau. BunapoByBaHHA i KOHIEHCAIlIf.

PosrnssHeMo mpuKIagM KOHKPETHUX (Pa30BUX IMEPEXOdiB 1 MOYHEMO 3
HaloO1IbII, MaOyTh, 3 HWTUHCTBA, BIJOMOTO — TMEPEXOAy MDK pIIKOW U
ra3onofioHo (azamu, SKUN 1€ HA3UBAIOTh MEPEXOJOM BHUIAPOBYBaHHSI —
KoHJieHcars. Lleit mepexin, sk mokaszaHo Ha Puc.l, BimOyBaeThcs 3a MOCTIWHOI

TEMIIEPATYPHU U TUCKY.
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Le#t Tck P(T) Ha3MBA€THCA TUCKOM HACHUYEHOI Mapu mpu Temmeparypi T.
Hexaii ycs1 cuctemMa 3HaxXoaujach CovyaTky B piakii ¢asi (cran 1). Skmio cucremi
JOJaTH JIESKY KiJIBKICTh Teruia (ToO0To, HarpiTH, YM MiIBUIIMTH TeMmepaTypy!), To
YacTUHA PIUHU TIEpeiiie B Ta30BUI CTaH, BUIIAPOBYBAHHS OyJe MPOJIOBKYBATUCS
JI0 TUX TIp, IOKKA CUCTEMa He Mepeiiie 10 CTaHy 2 —IOBHICTIO ra30MOII0HUNA CTaH.
Heo0xiaHO BIAMITUTH HACTYIHI Ba>KJIMBI OOCTaBUHU:

a) TPOTATOM YChOTo (ha30BOI0 MEPEXOay THCK 1 TeMIIEpaTypa JUIIAIThHCS
[MOCTIHHUMH,

0) y cyminr ra3 — piguHa CTaH PiIMHU 3aBXKIU CITIBIIAJIA€ 31 CTAHOM Y TOYIT
1, a cTan ra3y cniBnajae 3 Horo CTaHOM y TOYII 2.

Takum yuHOM, 1711 TOBHOTO OMUCY (pa30BOTO TMEPEXOAY JOCTATHHO 3HATH

JIMIIIE BIACTUBOCTI cucTeMH y cTaHax 11 2. OCcKUIbKH 1l CTaHU € TEPMOJIUHAMIYHO



PIBHOB)XHUMH, TO 3BIJCH ¥ TBEpIPKEHHA MpO Te, 110 (a30BI MEPEXOaU MOKHA
ONMHCYBaTH B TEpPMiHAX 1 MOHATTAX TEPMOJIMHAMIKM. 3a3HAYMMO, TaKOX, IO
npoTsiroM  yceoro ¢asoBoro mepexoay i3otepma Ha P -V miarpami
ropuzoHTanbHa. ['azononiOHa (a3za mMae MeHITy T'yCTHHY, HDXK piaka daza, Tomy,
KOJIM Jesika KIJIbKICTh PEYOBHHM MEPEXOJUTh Yy Ta3, MOBHUI 00'€M cucTeMu
30UIBIIYETHCSI, XOUa TUCK 1 TEMIIepaTypa JUIIAKTLCS HE3MIHHUMH. Takuii mepexia
HA3MBA€THCSA (Pa30BUM IEPEXOAOM MEpHIoro poay. Mu moBepHEMOCH A0 IHOTO
TPOXHU HUXKYE.

SAx MU BXe BIEBHWINCh Ha MUHYJIIN Jiekilii, piBHOBara ¢a3 B CHCTeMI
BU3HAYAETHCSI, KPIM PIBHOCTI TUCKIB 1 TEMTIEPATYD,

T,=T,=T, B=R,=P,

PIBHICTIO XIMIYHUX MOTEHITIAIB!
(P, T)=1,(PT).

XiMiyH1 TIOTEHIIaM € (YHKIISIMA CTaHy BIAMOBIAHO Ui PIAWMHU Ta rasy.
Haragaemo, mo y BiAMOBIZHOCTSAMHU 13 3aKOHAMU TEPMOJWHAMIKU JUISI KOXKHOI

a3y BUKOHYETHCS CITIBBITHOIIECHHS
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e O 1V - €, BIATIOBIHO, €HTPOIIEI0 i 00’ €MOM Ha OAMHUINIO Macu. baunmo, 110
nepmi moximni ¢yskmiin (P, T) 1 (P, T) nHe piBHi ogumH omHOMYy 3a

TEeMITepaTypH i TUCKY (a30BOTO MEPEXO.Ty, a BIIUYyBAIOTh IEBHUHN CTPHOOK:
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0 (14~ t)

B =(v,=v,)>0.

ToMmy 1o ceoromni came Taka OOCTaBMHA CIyryBajla MPUYHOI Ha3BU IHOTO
nepexoay (hazoBUM MEPEXOOM MEPUIOTO POAY.

MO3KIMBI TAKOXK MIEPEXOIH, IPU AKHX
(0,-0,)=0, (v;-v,)=0.

[Ipu oMy mepiini MOXiAHI XIMIYHOTO MOTEHIliaTy BUSBISIOTHLCS HETIEPEPBHUMU Y
toulli ¢azoBoro mepexony. Takuil mepexin yxe He € (a30BUM IEPEeXO0M

MEPIIOTo POay, HOTO 130TepMHU HE OyIyTh MaTU TOPU30OHTAIILHUX YacTUH HA P —V

Jiarpami.

Cxema Ependecra.

VY 3B'S3Ky 3 IIUM BHHHUKA€ <CIOKyCa» IIOB sI3aTH BHU3HAYEHHS TMOPSIKY
dazoBoro mepexomay 13 PO3PUBOM  MOXIAHUX TEBHOTO TMOPSAKY  BiJ
TEPMOJMHAMIYHUX TMOTEHIANIB y TOoukax mepexoxy. Ciiayrouu Takiil Crokyci,
Ependect yBiB Bu3HaueHHs (pa30Boro mepexomy N - ro MOPSIKY SIK TAKOTO, JUIS
SAKOTO B TOYII (pa30BOr0 MEepPeXoAy BUKOHYIOTHCS CIIBBIIHOIIEHHS IS MOXITHUX

n - ro NOpsaKYy:
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a BCl MOX1JHI OUIbII HU3BKOTO TMOPSJKY PiBHI OAuWH oaHOMY. He BpaxoByrouu
n00pe BIIOMOTO Mepexoy Ta3 — PiANHA, BIJOMHMA TUTHKU OJWH TIPUKIaa (Ha30BOro
nepexony, sikuil 6u BianosigaB cxeMi Ependecra, - ne ¢a3oBuii nepexia apyroro

poay B HamiBOpoBigHuWKax. Pasom 13 TuM € Oararo mnpukiagiB ¢a3oBUX



NIEPETBOPEHD, SIKI HE MOXKYTh OyTH OMHUCaHI TaKOK cxemoro. Haibiinpin BimoMuMu
i3 HEX € QazoBui mepexin y depomarHernkax y toumi Kropi, A - mepexix y

pIAKOMY Teii:
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VY BCiX LMX BHUMAJKAaX MUTOMAa TEIUIOEMHICTH PO3XOAUTHCA y TOUIl MEPEXOIy.
OCKUIbKM THUTOMa TEIJIOEMHICTh TOB'Si3aHa 3 JIPYTrOl0 TMOXIJTHOK XIMIYHOTO
NOTEHLIay, y 3rajJlaHuX 1 MOMIOHMX BHIIaJKax TOBEIIHKA CHCTEM HE MOXeE
XapaKTepU3yBaTHCS TMOXIMHUMHU OUTBII BHUCOKOTO TMOPSAKY: BOHH TPOCTO HE
icuyrotb! Takum uwmHOM, cxema Ependecta He € HaWOUIBII 3arajabHOIO
kiacudikariero ha3oBuX mepexoiB. Asle BOHA TOIUTHCS Y SKOCTI TIEBHOI «OpexHi

JUIS JITE.

Hapasi oOMexyroThCs TaKMMHU JACIIO IHTYITUBHUMH BHU3HAUYEHHSAMH Ha
kmtant (mmB. Bikinmexiro): Tlpm ¢a3oBux mepexomgax mepumioro poay
MOTJIMHAETHCS a00 BUIAUISAETHCA MPUXOBaHA TerioTa. da30Bi mepexoau Apyroro

poay BinOyBaroThcs 0€3 MOTIMHAHHS UM BUIUICHHS TETLIA.

CyuacHi kaacudikaii.

VY cyugacHiil cxemi kinacudikauii (a30Bi nepeTBOPEHHs MOIUISIOTHCS Ha JBI
IIMPOKI KaTeropii, Ha3BaH1 aHaJIOr14yHO KjacaMm EpeHdecra:

@®a30Bi nepexoAu NepmIOro poay — Iie MNepexogd 3 NPHUXOBAHOIO
Temjoror. [lig wac takoro mepexomy cucrema abo moTrimMHAEe, abo0 BHILIAE
¢ikcoBany (i 3a3BUYail BENMKY) KUIBKICTh €HEprii Ha ofAuHHIO 00’ emy. Ilix dac

IIOTO TIPOIECY TEMIIepaTypa CUCTEMHU Oyje 3aJIWINATUCA TOCTIMHOI MO Mipi



J0JJaBaHHS TEIUIA: CHCTEMa 3HAXOJIUTHCS Yy 3MIIIAHOMY PEXHMI, B SIKOMY JAEsKi
YaCTMHM 3aBEPIIMIM TMepexi] — IHII [ie Hi. 3HailoMi NPUKIAA — PO3TaBAHHS
JbOAY 200 KUMIHHS BOJIU (BOJa HE MEPETBOPIOETHCS MUTTEBO HA IMapy, a YTBOPIOE
TypOyJIEHTHY cyMilll pigkoi Boau Ta OynbOamok mapu). Impi it YopTrc nokasanmy,
10 3a HAsBHOCTI 3aMOPOXKEHOro Oe3aay mepexiJ Mepiioro poay Moxke OyTu
posmpeHuM. ToOTO, MEepeTBOpPEHHS 3aBEPIIYEThCS B CKIHYEHHOMY JIiana3oHi
TEMIEpaTyp, ajie Taki sBUIIA, K MEPEOXOJIOJKEHHS 1 meperpis, 30epiratoThes, a
Ipy TEPMOIMKIIIOBaHHI (Ipoliec pi3KOi 3MIHM TEMIIEPATYypPHOTO PEXHMY, IO
MIOBTOPIOETHCS IEKIIbKA Pa3iB MUKIIYHO) CIIOCTEPITraeThCsl TiCTepPe3uC.

da30Bi mepexoaud APYroro pPoay TaK0K HA3UBAIOTHL HeNepepBHUMH
¢azoBuMu neperBOpeHHsIMH. BOHU  XapakTepu3ylOThCS  JTUBEPreHTHOIO
CIPUMHSATINBICTIO, HECKIHUYEHHOIO JIOBXHHOIO KOpEeJsAIii W CTelneHEeBUM
3aTyXaHHSIM KOpPEJAlii moonu3y KpuTuyHocTi. [Ipuknagamu (a3zoBUx mepexo/iiB
Ipyroro poay € (epomMarHiTHe BIOPSAKYBaHHS, HAAMPOBIAHUMN, HAATIMHHUAN
nepexonu. Jle Jlanmay HamaB (EeHOMEHOJIOTIUHY TeOpilo (a30BUX MEPEXO/IiB
apyroro poxay. OxpiM mnpoctux (Ha30BUX IEPEXOJIiB ICHYIOTh TaKOX JIiHIL
IIEPEeX0/Ty, a TAaKOX MYJbTUKPUTHYHI TOYKH (CIIBIIAIIHHSA KPUTHIHUX TOYOK HE 32
OJTHUM 30BHIIIHIM MTapaMETPOM, TAKUMH, HAIIPUKJIAJI, SIK MarHiTHE MOJIE YU CKJIAJ).

Hesiki ¢a3oBi mepexoau Biaomi sik (a30Bi mepexoam HECKiHYEHHOIO
poay. Bonu HenepepsHi, ane He MOPYyUIyIOTh cumeTpii. HaliBinomimmii npukiag —
nepexin Kocrepmaina — Tayneca B iBoBuMipHiil XY -Moemi.

Marepian 13 Bikineii:
Ilepexin Kocrepaina-Taynecca abo bepe3suncskoro-Kocrepaina-Tayiaecca — dhazoBuit
nepexiji, TeOpeTUUHO nependadeHnit y aoBuMipHi XY-cucremi. Lle mependavenns Oymno
OJIHUM 13 pe3yNbTaTiB, 110 MPU3BENIH A0 HaropokeHHs Jlesina Taynecca ta [Ixxona Maiikiia

Kocrepaina Hob6eniBebkoro npemieto 3 dizuku 3a 2016pik. Baaum JIbBoBuY bepesnHcbkuii,
SKOMY T€X HAJICKUTh 3HAUHUN BHECOK y Teopito, momep 1980poky.

dazoBuil epexi MPOSBISETbCA y 3MiHI XapakTepy KOopersuiiHoi pyHKIiT Mix aedekramu
MOXXJIUBUMU B XY -CHUCTEMI, AKi HA3UBAIOTh BUXOpPaMH, — BiJ[ CTeTIEHEBOT QYHKIIIT 10
excroHeHIiiHo1. [Ipr HU3bKii TemnepaTypi BUXOp Ta aHTUBUXOP MPArHyTh TPUMATHCA SIKOMOTa
OJI>KYe OJIUH JIO OJTHOTO, YTBOPIOIOYH TUTIONBHI apu. [Ipu BUCOKiH TemMmepaTypi BUXOpH
3BUIBHAIOTHCS, (POPMYIOUN HEBIOPAIKOBAHUMN T'a3.



[epexin bepesuncbkoro-Kocrepnina-Taynecca nposBIsS€TbCSA y ABOBUMIPHUX TBEPAOTUTBHUX
cucTeMax, siki MoxHa ornrcatu XY -MOJIeUTio: Tpatii KoHTakTiB Jhko3edcoHa ta

PO3YNOPSIKOBaHUX HAAMPOBIIHUX TPAHYIbOBAHUX IUTiBKaX. [cHyBaHHS ABOX (a3 miaTBEpaHIN
po6otu McBryanta Spencer, (197 7a Frohlichta Spencer, (1981)

JIo 1bOro * Kiacy BIAHOCATBCA Oararo KBaHTOBUX (Da30BUX MEPEXOIIB
(repexoam 3a HYJIBOBOI TEMIIEpATypH), HAIIPHUKIIAJ, Y ABOBUMIPHHUX CIICKTPOHHHUX
razax. [lepexi piluHa — CKJIO CIIOCTEPIraeThcsl B 0aratbox IMojiMepax Ta 1HIINX
piAMHAx, SKI MOXHa NEPEeOXOJOKyBaTH Habarato HIKYE TOYKU ILJIABICHHS
KkpuctaniyHoi ¢asu. Ile HeTunoBo B 6ararbox BimHOIICHH:SX. Lle He € mepexoaoM
MDK TEPMOJMHAMIYHUMHU OCHOBHHUMHU CTaHaMM, OCKUIbKM BBaXa€ThCs, IO
COpaBXHIA TEPMOAMHAMIYHMNA CTaH 3aBXAu Kpuctamiunuii. Ckino — 1e
3arapToBaHuM cTaH Oe3naay, HOro eHTpoIis, TYCTUHA 1 T.J. 3aJeXaTh BiJl TEMJIOBOI
ictopii. OTxe, CKIyBaHHS — L€ TeplI 3a BCE IWHAMIYHE SIBHILE, KOJIU TMpHU
OXOJIOJDKCHH1 PIMHUA BHYTPIIIHI CTYMNEHI BIIBHOCTI IMOCHITOBHO BHUXOJATH 13
piBHOBaru. [lesxi TeopeTwdHi Mojeii nependadaroTh B OCHOBI siBHINA (pa3oBHid
nepexiJ B TIMOTETHYHIA TPaHUIl HECKIHUEHHO BEJIMKUX 4YaciB penakcaiii. Ase
JKOAHI TpsAMi EKCIEPUMEHTANIbHI JaHl HE CBiIYaTh NPO ICHYBaHHS TaKHX
ePEeXOIiB.

Jlexinbka ciB mpo KBaHTOBI (pa3oBi mepexoau (mepexoau Npu HYIbOBHX
Temmneparypax). Hamu Bke BimMiuamacs ocoOiuBa pojb (GIIyKTyaliil y sBHIII
dazoBoro mepexonay. Y 3B'SI3KY 3 UM CHiA y3TH JO yBar", mo y KBaHTOBO-
MEXaHIuHIM cucTemi BiIOyBalOThCsd KBaHTOBI  (uykryamnii. Came BOHHU
BIIMOBIAaNBHI 3a ¢a3oBuil nepexia. TakuMm 4WHOM, KBAaHTOBI (JIyKTyaIlli MOXYThb
NEepeBOAUTH cucTeMy B 1HIIY ¢a3y. KOHTponrooTh 1i KBaHTOBI (iykTyarii
HETEIUIOB1 MapaMeTpH, TaKi K THCK, KOHIEHTpPALisl YACTUHOK.

Marepian 13 Bikineaii
VY KkBaHTOBI# (i3uili KBAHTOBA (PIYKTyalis (TakoX BiZoMa K (IYKTyalisi CTAHY BAKYyMY
abo cbnyKT[{lauifl BaKyyMy) — II¢ THMYacoBa BUIIA/IKOBA 3MiHaVKiJ'II)KOCTi eHeprii B TQ?Hi
IPOCTOPY, = 3TiJHO 3 IPUHIMIIOM HeBU3HaYeHOCTi Bepuepa ['eiizenbepra. dmykTyarii SBIsSIOTh
co0oto NIpiOH1 JOBUIBHI KOJIMBAHHS 3HAYCHD IOJIIB, K1 MPEICTABIISIOTH €JIEMEHTApHI YaCTUHKH.

Hampuknan eleKTpuyHUX Ta MArHITHUX MOJIIB, K1 MPEACTABISIOTh EICKTPOMATHITHY
B32EMOJIIIO, 1110 IEPEHOCUTHCS hoTOHAMHU, OB 6030HIB W i Z - eneMeHTapHUX YaCTHHOK, 1110




IEePEHOCATH CIa0KY sIEPHY B3aEMOJIIIO, 1 TIOJIB [JIIOOHIB, SIKI HECYTh CHJIbHY SIJICPHY B3a€MOJIIIO.
Bl ®dnykryallii BaKyyMy BUTJISIAIOTH SIK BIPTYAJIbHI YaCTUHKH, SIK1 3aBXKIH CTBOPIOIOTHCS B
[1apax YaCTHHKA—AHTHYACTHHKA. " OCKLIbKU BOHU CTBOPIOIOTHCS CIIOHTAHHO Ge3 IKepena
EHepTii, BBAXKAETHCH, 10 (DIYKTyaIlii BAKyyMy Ta BIpTyaJibHI YAaCTUHKH MOPYIIYIOTh 3aKOH
30epeskeHHs eHeprii. TeopeTuyHo 11e AOMYyCTUMO, OCKUTLKH YaCTHHKY aHITIIIOIOTE O/IHA OJIHY B
MeKax 4acy, yCTaHOBIICHOT'O IPUHITMIIOM HEBU3HAYCHOCTI, TOMY iX HEMOJJIMBO CIIOCTEPIiraTH
0e3mocepeHbO. ul sl

[IpyHIMO HEBU3HAYEHOCTI CTBEPIKYE, 1110 HEBU3HAUYEHICTh CHEPrii Ta Yacy MOKHA IOB’ sI3aTH

5 5
HACTYIHOI GopMyIIor0: 2! , ne 13 /1 5.27286x10% Js.
Ile o3Hauae, 1m0 Mapu BIpTyaTbHUX YaCTHUHOK 3 €HEPTi€I0 1 TEpMIHOM iICHYBaHHS KOPOTIIIE
HIXK MOCTIHO CTBOPIOIOTHCS 1 3HUIIYIOTHCS B TOPOKHBOMY ITPOCTOPi. X04Ya YaCTUHKU HE

MOKHa 0e31ocepeIHbO BUSBUTH, KYMYJIATUBHUN €(DEKT IUX YACTHHOK MOKHA BUMIPATH.
Hamnpukian, 6e3 kBaHTOBHX (pIyKTyarliil «rosa» Maca (KOJIHM €Heprisi 3ITKHEHHS YaCTUHOK
nparde 10 HECKiHUEHHOCTI) 1 3apsi/] eICMEHTapHUX YaCTHHOK Oy O HEeCKIHYEHHUMHU; 3 TeOpii
nepeHOopMYBaHHS e(DeKT eKpaHyBaHHs XMapH BIpTyaJlbHUX YACTUHOK Bi/AIMOBI/AE 32 CKIHUCHHY
Macy Ta 3apsJl eIeMEHTapHUX YacTHHOK. [HimM HacinkoMm € edext Kasumupa.
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Casimir
plates

OmHUM 13 IIEPIIUX CIIOCTEPEKEHb, IKE 3aCBITUIIIO (QIyKTyarlii Bakyymy, OyB JIem0OiB 3CyB y
BojHI. Y sumnHi 2020poKy BueHi MOBIAOMMIH, 110 (DIYKTYyallii KBAHTOBOTO BaKyyMY MOXYTh
BIUTMBATH HAa PyX MaKpOCKOIMYHUX 00’ €KTIB JIFOJACHKOTO MacITady, BUMIPIOIOYN KOPEIISIIiT
HUKYe CTAH/IaPTHOI KBAHTOBOT MEK1 Mi’K HEBH3HAYCHICTIO MO3UIIIi Ta iMImynbcy a3epkan LIGO
Ta HEBU3HAYEHICTIO uncia Ta pa3u GOTOHIB CBITIIA, IKI BOHU BIIOMBAIOTH.



KsanToBi daykTyarrii 3011bIuIM €pEeKTUBHICTD TIEpeIadl eHeprii 1o JaHII0KKY CITIHIB

[Ipuknagom cucteMu, sika 3a3Ha€ KBAHTOBW (Da30BUI Mepexij MepIIoro
pony, € reniit 4He:npu atMocpepHOMY THCKY BiH HE MEPEXOIUThH Y TBepAY a3y,
HaBIiTh MpH a0COIIOTHOMY HYJII TeMIIepaTypH, SK yKe€ HaMu 3a3Hadanocs. OgHak
opu TUCKax BuIIe 25 arMmocdep remiid KpPUCTATI3YETbCS B TI'e€KCarOHaJbHY
ynakoBKy. HaitOoiab111 sickpaBUM IIPEJCTAaBHUKOM MaTepiaiiB, Y SIKMX BIIOYBAETHCS
KBaHTOBUHM (Da30BUil MepexiJl APYroro pojay, € TeliKOoifalbHUi (epoMarHeTuk
MnSi.

Cumertpisi. ®a30Bi nepexoan 4acTo OB’ sI3aH1 3 MOPYIICHHSIM cUMETpii. Sk
MHOIO BXK€ 3raJyBaJIoCs Ha TIOTMEPETHINA JIeKIlli, OXOJIO/DKCHHS PIIUHUA [0
KPUCTAIIYHOTO TBEPJIOTO TiMa TMOPYIIYE HEMEPEPBHY TPAHCISIIAHY CHUMETPIIO.
Cnpapai, Ko>)kHa TOYKa B PIJIMHI Ma€ OJHAKOBI BJIACTHUBOCTI, TOAl SIK KOYKHA TOYKa
KpHCTaTy HE Ma€ OJJHAKOBHX BIACTHBOCTEU (SKIIO HE PO3TIISAATH TOUYKH 13 BY3IIiB
KPUCTAIIYHOT IpaTKh). 3a3BHMYail BUCOKOTeMIlepaTypHa ¢a3a MICTHTH OliIbIie
CUMETpiH, HIK HHU3bKOTEMIepaTypHa ¢a3za 13-3a CHOHTAHHOTO MOPYIICHHS
CUMETPIi.

AKTyaJbHicTh 'y KkocmoJoriillll  da3zoBi mnepexoxi, MmO MNOPYHIYIOTh
CHUMETPII0, BIITPalOTh BAXKIUBY pPOJb y Kocmodorii. Ilo mipi po3mmpeHHs U
oxoJokeHHsT BceecBiTy B BakyyMi BimOynacst cepiss (a3oBUX IEpPeXojiB, IO
NOpYIIYIOTh ~ CUMETpiro. Hampuknan, enekTpocnaObKuii Tmepexiy MOpyIInB
cumetpiro SU(2)xU (1) enexrpocnabkoro monst Ha cumerpito U(1l) cydacHoro

eJIeKTpOMarHiTHoro mnoJjs. Llel mepexia BaxXIMBUN SISl TIOSICHEHHSI aCUMETP1i MIXK



KUTBKICTIO PEYOBMHU M aHTHUPEUOBHHM y CydyacHOMY BcecBiTi, 3TiIHO 3 TEOpI€I0
eJIeKTpociiabkoro OapioreHe3a (Hapo KEHHS OapioHiB).

dazoBelii epexon - https://ru.qaz.wiki/wiki/Phase_transition

PiBusinas BaH aep Baaabca

Sx mu Bxe Oaywmiy, y BUMAAKy (a3zoBoro mepexony piauHa-raz nHa P -V
Jiarpami MOBHHHE CHOCTEpIraTucs miato. Sk MU 3Ha€MO, 3BUYAMHI 130T€PMH IS
171ealbHOTO ra3y TaKMX FOPU3OHTATIBHUX YacTUH He MatoTh (Puc. 1). O1xe, nossa
TaKWX IJIATO TOB’ si3aHA 3 HASBHICTIO B3aEMO/IIT Mk JacTuHKaMu. Ban nep Baanbc
cripoOyBaB 3HAUTH TPOCTHH SKICHUM Croci0 ypaxyBaHHS MIKMOJICKYJISIPHOI
B3a€MO/IIi B PIBHSIHHI CTaHy PO3piIKeHOro ra3y. | sk HacaioK OTpUMaB PIBHSHHS
CTaHy, sIke HOCUTh Ha3BY PIBHSHHS BaH Jiep Baanbca.

JI;1s1 OLIBIIIOCTI PEUYOBHH MOTEHINAIbHA €HEPTisl B3aEMO/IIT JBOX MOJIEKYJ SIK
GyHKIIST MDKMOJIEKYJISIPHOT BiACTaHI MoOxe OyTu 300pakeHa Yy BHIJISLIL,

npejacraBieHoMy Ha Pue. 2.

=

Puc.?

UacTHa MOTEHIIALHOT €HEprii, fKa BIAMOBIAA€ TPUTATAHHIO, 3YMOBJICHA
CIIEKTPUYHOIO TIOJSPHU3AIlIEI0 JTBOX MOJEKYJ, a YacTHWHA, BIAMOBIJaJbHA 3a

BIAIITOBXYBaHHA Ha  ONM3bKUX  BIACTaHSX, OOYMOBJIEHAa  KYJOHIBCHKUM



BIJIMNITOBXYBAHHIM €IIEKTPOHHUX OOOJIOHOK, IO TEpPEeKpPUBAIOThCSA. BaH gaep
Baanbc nemio imeanmizyBaB 3amady, 3aMIHHBINM TTOTEHITIAM BIIIITOBXYBAaHHS

pCallbHUX MOJICKYJI HECKIHUCHHO BEJIIMKUM HOTCHHiaJ'IOM BiI[HITOBXYBaHHH

TBEPAUX KyIbOK, Puc. 3.

I aueprun

: OTTANKMEAHWA

‘1 CyMMapHan SHeprua
- BIaWMOOeNCTEHNA

~ PaccToRAHWE MEway
L = artoma

JHEDIIA BXINNOARICTEAR

#°  3ueprua
e NPATAEEHWA

Puc.3

TakuM 4YMHOM, KOXHaA MOJEKyJla pPO3IJISAJAEThCA SK TBEpAa MpY)KHA KyJbKa
niameTpoMm d, oTodYeHa IMOJIEM CHII IPUTITraHHsA. Tomy 3’ sBHJIacsi 3MOTa POJIb CHIT
NPOTATYBAaHHSA M BIAIITOBXYBaHHS 0OTOBOPIOBATH HE3AJIEKHO

OcHoBHUI edeKT, TMOB si3aHUN 31 B3a€EMHOI HEMPOHUKHICTIO MOJIEKYII,
MOJIATa€ B TOMY, IO JESKUH 00’'€M HABKOJIO KOKHOI MOJIGKYJH BHSBISETHCS
HEJIOCTYITHUM JIJIs1 IPOHUKAHHS 1HIIUX MOJIeKyd. Akmo V - nmoBHui 00’ €M, KU
3aiiMae cuctema, To eeKTUBHUMN 00’ €M, B IKOMY MOKYTh 3HAXOJUTHUCS MOJICKYJIH,
OyZne MEHIUM Ha JAESIKy BEJIMYHMHY, 110 BH3HAYAETHCS CYMOKO BCiX 00’ €MiB,
HEJIOCSHKHUX ISl TIPOHUKHEHHSI MOJIEKY T

Vg4 =V -Db,

ne b - xapakrepHa i J1aHOT PEUYOBUHM IOCTiMHA, IO 3aJICKUThH BiA JIiameTpa
MOJIEKYJI Ta IX 4YMCIIa.

SIKiCHO HasBHICThH MOTEHIlIATY MPUTATaHHS TPUBOJUTH JIO TOTO, 110 CUCTEMA
nparHe 10 YTBOPEHHS 3B’ A3aHOTO CTaHy. SIKIIO MPUTATaHHS JAOCUTb CUJIbHE, TO
cucteMa N Tin Oyne 3HaAXOAUTHCS Yy 3B sI3aHOMY CTaHi, KUH HE MOTpedye s

CBOTO yTpPUMaHHS 30BHIIIHBOI 000JI0HKU. OTXKE, MOXHA NPUITYCTUTH, IO



OPUTATAHHS TPUBOJIUTH [0 3MEHIICHHS THUCKY Ha 30BHIIIHI cTiHU. CTYIiHb
3MEHIIEHHS TUCKY MPOTMOPIIiifHA YHCITy Map MOJIEKYJ, SIKI 3HAXOIATHCSA MOOIHU3Y
CTIHKHM B IIapi, TOBIIMHOIO MOPSAAKY paaiyca B3aemomii. Llg BennurHa npuOInu3HO
nponopiionansia N2/V? (kBagpar ryctunu!). OCKiNIbKM YHCIO YacCTHHOK i
paziyc il MDKMOJIEKYJIIPHUX CHJI TIOCTiMHI, TO ICTUHHUM TUCK P B cucTeMi MOXe
OyTH PO3KIaZACHO Ha Bl YaCTUHU

a

V2’

J€ a - Apyra XapakTepHa IIOCTiiiHa cucteMu 1 B, - THCK, 0 BU3HAYAEThC

P=Fi~

PIBHSIHHSIM CTaHy Tasy.
Ban nep Baanbc mpumnyctuB, 10 Uil MOJIiS PEYOBUHU CHPABEIMBE

HACTYITHE PIBHSIHHS CTaHy

ne R -rasosa koncranTta. OTke, piBHSAHHS CTaHy Ma€ BUTJIAL

(V—b)(P+\%j= RT. (0.1)

Lle i1 € Tak 3BaHe piBHSIHHS BaH Jep Baanbca. Jlekisibka 130TepM, sIKi BIJIIIOB1IAIOTh

IIbOMY PIBHSHHIO CTaHy, oka3aHno Ha Puc.4

I.l'

HHAKOCTE

Puc. 4.

3a neskoi TeMreparypu 1., IKy HA3UBalOTh KPUTHYHOKO TEMIIEPATYPOIO, BUTHH Ha

130oTepmax mpomagae. Touka mepermHy C Ha3UBAETHCS KPUTHUHOIO TOYKOIO.



Bignosignuit it Tuck P, Ta 00’eM V., a Takoxk Temmeparypa T, MOXyTb OyTu

BUPAXKEHI uepe3 cTalli a i b HacTymHuUM yuHOM:

:ﬁ P:&
27 ¢ 2™’

OctanHi GpopMyH BUTIKAIOTh came 13 Ti€l 00cTaBuHU, o0 C € TOYKOI MeperuHy,

RT, V. =3.

a 3HAUYMWTh B HIM MOXiJHI NEPIIOT0 W APYroro MOPsSAKY MAaloTh 3aHyJSATHUCA.

YBoasiuu 10 pO3TIIsay 0€3p0o3MipHi BeTUYUHU
p=" T=-1 yv=\V_
R Te Ve

piBHsiHHS Ban nep Baanbca MoxHa nepenucaTi y BUTIISAL

(V—éj(m\%j:gf.

[le piBHAHHS 4YyJAOBE THUM, III0O BOHO HE MICTUTh >KOJIHOI TMOCTINHOI, ska O
XapakTepu3yBayia JaHy pedoBuHy. SIkOm mpunymenas Ban nep Bambca Oyio
CIIpaBEeUIMBUM, TO PIBHSHHS BUKOHYBAJIOCH OU JIJISl BCIX CUCTEM. TBEpKEHHS, 110

piBHHHHH CTaHy, 3alIuCaHeC B TCpMiHaX IIPHUBCACHUX BCJIIMYMH

=_P =_T S_V : : )
P=—, T=—, V=—, € yHIBepCaJbHUM PIBHSIHHSAM [JIsI BCIX CHCTEM,
R Te Ve

Ha3UBacTHCSI 3AKOHOM BiIIMOBIIHUX CTAHIB.



