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W3noxeHbl OCHOBHBIE 0COOEHHOCTH CTPYKTYPHBIX M SHEPTETHYECKIX XapaKTEPUCTHK
MPUPOTHOH BOABI C YYETOM COBPEMEHHBIX IIOCTIDKEHHH B 00MacTH (HU3UKH BOJBIL.
IIpoaHanu3upoBaHbl pe3ysibTaThl HCCIENOBAHUM KOIEpEeHEe3allud M Celnapanydd IPUPOIHOM
BOABI Ha JIeBO- (L) m mpaBo- (R) OpHEHTHPOBAHHBIC TI0 CIIMHY KOMITOHEHTHI IBYX(a3HOU
cTpykTyphl. Ilokasano, 4ro mo cBOMM mapamerpaM (CTPYKTYPHBIM W 3HEPTreTHYECKHM)
HecenapabenbHas NPUPOAHAs BOJAa MAaKCUMAJIbHO NPHUOJKEHA K BHYTPHKJIETOYHOH BOJIE
OpraHu3Ma YelioBeka. BhIIBHHYTa MOJIENb, ONMUPAIOIIAsICS HAa TCOPETUUYECKUE HMCCIICIOBAHUS
k. Ilpenapara [2], oToOpakaromiasi Hpolecchl B KOr€peHH3MPOBAHHOW IMPHUPOJHON BOJE.
Hcnonp3oBaHWEe OCHOBHBIX TOJOXCHUH 3TOM MOJEIH ITO3BOJUIIO aJeKBATHO OIMCATh
SKCIICPUMCHTANBHEIC JAaHHBIE 10 CBOMCTBAM MPHPOJHOH BOABI, a TaKXe BICPBEIC
WHTEPIPETUPOBATh HENAaBHO OTKPHITOE SIBICHHE WHIYIUPOBAHUS CBEPXIPOBOIUMOCTH IS
MOJMKPHUCTAIIIOB FeTepsSy, 9TO TOATBEPKIAET e paboTOCOCOOHOCTh. M3 MpeacTaBIeHHBIX
B paboTe pe3yNbTaToOB CIEAYET, YTO MPHpOIHas Boma oOxamaer HAOOPOM TaKWX Ba)KHBIX
(U3NYIEeCKUX XapaKTePHUCTHK, KaK: (PPaKTaIbHO-KIACTepHAs CTPYKTypa, HATHYNEe ONTHYECKOU
JUCHUMMETPUH CTPYKTYPBl, TOMOT€HHOCTh CTPYKTYPHI (IPUMECH W MAaTPHIBI BOIBI KaK HX
PacTBOPUTEIIS), UTO OOECIIEUNBAET BOJIE €€ HecenapadeTbHOCTh. 110 ATHM MmoKa3aTensiMm MOKHO
OILICHUTH MPHUPOIHYIO MUTHEBYIO BOLY KaK MUTHEBYIO BOIY HaWBhICIIETo KadecTBa. OcoOEHHO
B)XHO OTMETHUTH, YTO, IPAKTHYECKH, JTF000€ TEXHOTCHHOE BIIMSHUE HA BOAY (BOJOMOATOTOBKY)
HApylIaeT  HecemapaOelIbHOCTh  CTPYKTYphl. be3  BOCCTAHOBICHHS  OTOH  BaKHOU
XapaKTEePUCTHKH BOJbI, TakKas BOJA SBJSICTCS «arpecCUBHOW» CpeIOd JUis OpraHu3Ma
yenmoBeka. CTPYKTypHBIE, SHEPreTHYECKUE XapaKTePHCTHKH, HecemapaOelbHOCTh — 3TO
OCHOBHBIC ITOKA3aTEIIN HAUBBICIIETO Ka4eCTBA MPUPOTHON BOJIBL.

Kuwuegvie cnosa: ¢usznka BOABl, KOTEPEHTHOCTh, KBAaHTOBAas MEXaHHKA,
cemapabenbHOCTb.

BBepgeHue

Bona B Ilpupose siBisieTcs yHUKaJIbHOW KOHACHCHPOBAHHOM CpelIoi, CBOMCTBa KOTOPOM HE
TOJIBKO HE ABJISIOTCS MOJIHOCTBIO OOBSICHUMBI, HO M JIaJIeKO He BCe CerojHs M3BecTHHI. HeT BemecTBa
Oonee 3aragodHoro, yem oObIYHAs Boja. JlMHAMHKa €€ MPOLECCOB HE MOAYMHSCTCS 3aKOHOMEPHO-
CTSIM, KOTOpBIE IPUCYIIH OOJBIIMHCTBY BEIIECTB, OKPY KAIOIINX YEJIOBEKA, YTO B OCHOBHOM OOBSICHS-
€TCsl YHUKAIbHOCTBIO CTPOCHHUSI BOJBL.

Morekyna BOIBI JUCCUMETPUYHA, KUCIOPOJHAS YaCTh MOJIEKYJIBI 00NagaeT OTpULATeIbHBIM
3apsioM, a BOJOPOAHAs — MOJOKUTeNbHBIM. O0a 3TH 3apsia CMEIIeHbl OTHOCUTEIBHO APYT Apyra
TaKUM 00pa3oM, YTO MOJIEKYJIAa BOJbI IIPEACTABISIET COOON ANIEKTPUYECKUIl AUIOIb U BMECTE C TEM
OHa MMeeT MarHUTHBI MOMeHT. ViIMeHHO Oarofapsi mpoCTPaHCTBEHHOW aCHMMETPUH, MOJIEKYJIbI BO-
Ibl, CBS3BIBASICH MEXAY CO000H, 00pa3ylOT AOCTATOYHO CIIOXKHBIE M PasHOOOpa3Hble CTaOMIIbHBIC
CTPYKTYPBI — KJIACTEPBI, KOTOPbIE CYLIECTBYIOT B TBEPIOM B JKUIKOM H Ia3000pa3HOM COCTOSHUSIX.

Boga aBnsieTcst ogHUM U3 Hanbosiee CHIBHBIX MPUPOJHBIX PACTBOpUTENEH, B HEH, B TOM WM
HUHOM Mepe, PACTBOPSIIOTCA BCE BEILECTBA IIPUPOBL.

Bopa nmeer BBICOKHI OUMONBHBI MOMEHT M OJlarogapsi eMy UMEET HauBBICUIYIO TU3JICKTPH-
YeCKYI0 IIOCTOSIHHYIO cpel Bcex BemiecTB. Korna noH kakoro-HuOy b BellecTBa IONalaeT B BOLY, OH
MOMEHTAJIBHO TIOKPBIBAETCS THAPATHONH 000JI0YKON U 00pa3yeTcst «THTaHTCKUi aToM». PacTBopumbie
BEILIECTBA, MONanasi B BOAY, Pa3leiIAIOTCS Ha Bce Ooyiee MENKHE YaCTHYKH, BIUIOTH O MOJEKYJI U
HOHOB, 00pa3yroTcs THAPATUPOBAHHbBIE YaCTHYKU PACTBOPEHHBIX BEILIECTB, KOTOPHIC U MPUHUMAIOT
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y4acTHe B Pa3jInYHbIX XUMHYECKUX PEAKIIUAX.

Tonpko BoJa MposABIAET OAHOBPEMEHHO CBOIMCTBA KUCIOTHI U OCHOBaHMUS.

B panHioro smoxy Ha 3eMiie eCTeCTBEHHBIH KPYrooOOpOT BObI, BKIIOYAIOLINH JTMBHHU, TOKIH,
CHEromnaspl, HABOAHEHUS U Ip., ObLI, HECMOTpPSI HA KaTaKIM3MbI IPUPOABI, OJAarOTBOPHBIM TSI 4EJI0-
Beka. Jloxau, Tanble BOJbI OpOLIAly 3€MJII0, IIPUHOCUIN B Hee IOJIC3Hble AJs pPacTeHUil BellecTna,
OKHBIISUI CaMy Cpeny OOMTaHHS.

B Te maBHHMe BpeMeHa, KOrAa 4ejoBeK ui B rapmonun ¢ Ilpuponoii, mobas npecHas Boza,
BO3MOXKHO 33 MCKJIIOYEHUEM OOJIOTHOM, ABIsUIach NUTheBOH. CylecTBOBaIa MOpCKas BoJa U IIPOCTO
Boza, 0e3 ynmoTpeOieHus] yTOUHAIOMMX omnpeaeneHuid. CunTanock, 4To BoJa — 3TO MHUHepall, KOTO-
PBIH YeNIOBEK OJDKEH YHOTPeOsATh MPUPOAHBIM. Tenepb Mbl TOBOPUM O MUTHEBOW BOJE, O MPHPOI-
HOM BOJE, YTO 03HAYAET €€ MAaKCUMAaJIbHO BO3MOXHYIO 3KOJIOTHUECKYIO YUCTOTY.

MpupoaHas Boaa

dusnveckne MOJEIH, ONMCHIBAIONINE CBOHCTBA BOJIBI, OOBIYHO MPEICTABISIOT BOAY KaK HEKO-
TOPYIO WACATH3UPOBAHHYIO CHCTEMY, COCTOSILYIO M3 €IMHUYHBIX BOAHBIX MOJIEKYJ, © MOAEIHPYIOT
[IOBEJICHNE TaKOW CHUCTEMbI MCXOZs U3 TPAJULUOHHBIX IPEACTABICHUH O XapaKTepe TeX WM MHBIX
CHJI BHYTPH- U MEXMOJICKYJISIPHOTO B3auMoJieiicTBusl. OHAKO HIealbHOM BOJBI B IPUPOJIE HE CyLIe-
cTByeT. Boga, B cuity cBoeil IpUpOIBL, ABISETCS PacTBOPUTEIIEM, TIO3TOMY B €€ COCTaBe BCeraa MMe-
FOTCSI IPUMECH PA3JINYHBIX BEIIECTB, C KOTOPHIMM OHAa KOHTakTHpyeT. Kpome Toro, Boga HEM3MEHHO
OKa3bIBAETCs B TIOJIC BIMSHUS KAKHX-THOO BHEUIHUX CHJI, KOTOPBIE CYIIECTBEHHO U3MEHSIOT €€ BHYT-
PEHHIOIO CTPYKTYPY.

Oco6o cremyeT BBLACIUTH NPUPOAHYIO BoAy. Takas Boma sIBISieTCS MPOAYKTOM B3aWMOJCH-
CTBHUSI C IPUPOJHOMN CPeOi U UCTIBITHIBAET MOCTOSHHOE BO3JIEUCTBUE CO CTOPOHBI BHEIITHEN CPEJIbl —
MEXaHHUYECKOE, MPH CBOEM IMIEPEMEILICHHN N0 N3BUIIMCTOMY PYCIy; XUMHUYECKOE, 3a CUET PACTBOPECHUS
Pa3NUYHBIX NPUMECEH; MOJIeBOE, BCIACICTBHE BIMSHUS MOJIEBBIX XapaKTEPUCTUK U MAarHUTHOTO IOJIS
3eMiH, a TaKKe Pa3IMYHBIX IMOJIEBBIX HEOIHOPOIHOCTEH IeOJIOTMYECKOro MpOHCXOoXkAeHus. Beien-
CTBHE ITOT0 OHA MPUOOpPETaeT 0COOYI0 CTPYKTYpPY W NMPUPOIHYIO dHEpreTHKy. O Hamuaum 0coboit
SHEPTeTHKH MPUPOJHON BOABI MHcal eme B cBoux paborax B. [layGeprep [1]. Tem He Menee, oco-
3HATh BO3MOXKHOCTh HAKOIUICHHS BOJOM SHEPIMH U3 BHELIHEH Cpelbl MOXKHO TOJIBKO Ha OCHOBaHUU
COBPEMEHHBIX TEOPETHUECKHUX IMPEACTaBICHUNA U, B OCOOEHHOCTH, TEOPETHUYECKHX pa3paboTok JIx.
[Ipenapara [2, 3].

OKcnepuMeHTalbHbIe (prU3nYecKre HUCCIeI0BaHNs, ONMCaHHbIC B HACTOSIIEH padoTe, MoKa3a-
JIK, 4TO MPHUPOIHAS BOJIA SIBIAETCS CIOKHOW CaMOOPTaHU3YIOIIEUCs] CUCTEMOM, UMEIOIIEH psll Xapak-
TEPUCTHUK, TPUCYIINX JIIEMEHTaM HBBIX CTPYKTYP.

[Ipexne Bcero, oHa TUCCUMMETPHYHA IO CBOCH CTPYKTYpE, €€ MOXKHO pa3fAeiuTh Pa3IndHbI-
MU clIoco0aMM Ha ABE COCTABIIIOIINE, KOTOPHIE HE SIBJISIOTCS MACHTUYHBIMU U ABIISIFOTCA CaAMOCTOS-
TEJNILHBIMU CHCTEMaMH, HE KOPPETHPYIOUIMMH 10 CBOUM (DU3UKO-XMMHUYECKUM CBOMCTBAM MEXKIY CO-
0oii. [4, 5]. Takas quccuMMeTpusl BU3yabHO OOHAPY)KUBACTCS M TIPH U3YUYEHHUH 0CAJKa, TIOTYYeHHOTO
npyu THOGUIN3aLUN NPUPOTHOH BOABI. M3BECTHO, YTO AJISL JKUBBIX CTPYKTYP XapakTEpPHbI MMEHHO
muccumMmetpus (3akoH Ilacrepa-Kropu-Bepnanackoro [6]) u XUpadbHOCTh MOJEKYJISIPHBIX CTPYKTYpP
[7].

JuccuMMeTpUr KUBBIX CTPYKTYp YIEJICHO OCHOBHOe BHHMMaHue B [7]. IlpoanamusupoBaB
00JIBIIOE KOJTMYECTBO JIMTEPATYPHBIX UCTOYHHUKOB, aBTOP [7] OAHAKO Tak M HE CMOI' yKa3aTh JOCTO-
BEPHYIO MIPUYUHY XUPATHHOCTH MOJIEKYJISIPHBIX CTPYKTYP JKUBBIX OPraHU3MOB, YIIYCTHB B CBOMX pac-
CYXIEHHUAX TaKOW OYeHb BaXKHBIH (pakT, 4TO JIIOOOH KHUBOI OpraHu3M cOCTOMT Mo macce Ha 70 % u3
BOJIBl, & OCTAJIbHOE — OpraHU4YecKHe W HeopraHudeckue BemecTsa [3]. IMEHHO B TeX CTPYKTypax,
KOTOpBIE U3HAYAIBHO COJIEPKUT B ce0e MpHUpOoIHas BOAA, yrnoTpelisemas, B OCHOBHOM BCEMH KHBBI-
MU OpraHU3MaMH U MOXKET OBITh 3aJI0’KEHA IPUYMHA TaKOW 0COOEHHOCTH BCETO KUBOTO.

Jns mpupogHOM BOABI, KAK U AJS KUBOH CTPYKTYPHI, XapaKTepHO HajlMuue COOCTBEHHOTO
CBEUEHMS, UTO MOJATBEPKICHO 3KCIIEPUMEHTAIBHO C HOMOIIBIO (POTOrpaduuecKoil perucTpayuy Tako-
IO M3JIYYCHUs] M €r0 YCWICHUS NPH BO30YKAEHHH BBHICOKOYACTOTHOTO 3JMEKTPUUYECKOTO paspsiia Haj
kareit Boapl (3¢ dexr Kupnmuanorpadum) [8].

CBoiicTBa 3TOr0 CBEUCHMS 3aBUCST OT IPUPOABI BOABI X UCTOUHHKA €€ IIOJIy4YeHHs U, CIeJ0Ba-
TEJILHO, OTPAXKAIOT Ty TUHAMHUKY MPOIECCOB, KOTOPast c(OPMHUPOBAIACH B BOJHOW CHCTEME IO/ BIIHS-
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HHUEM OIpeIeIeHHBIX (DaKTOPOB BO3EMCTBUS BHEITHEH cpenpl. Hanbonee OTYETINBO MOJIeBbIe XapaK-
TEPUCTUKU MPOSIBIAIOTCS IJIsl MPUPOAHOM BOABI, B OTIMYKME OT HMOABEPTHYTOH 0OpaboTKe BOAOMpPO-
BOJIHOHM BOJIBI, KOTOPAas MPAKTHYECKA HE MMEET COOCTBEHHOTO cBedeHHUs. CTaOMIHHOCTh CBEUCHUS U
€€ MHTEHCHBHOCTh YKa3bIBAIOT HA NMPHUPOTHYIO OMOIHEpPreTHKY BOIBI M Ha Hamudne cHOpMHpPOBaB-
LIECS. OTHOCUTEJIBHO YCTOMYMBON BO BPEMEHHU U K BHEIIHMM BO3JCHCTBHSM YIOPSAJIOYEHHON CTPYK-
TYpBl. OTH JaHHBIE KOPPEIUPYIOT C HCCICAOBAHUAMHU (PU3UKO-XUMHUECKUX MapamMeTpoB MPUPOTHON
BOJIBI, KOTOPBIE OKAa3aJMCh CTAOMIBLHBIMUA BO BpEeMEHH (M3MepeHUs MPOBOAMIINCH B TEUCHUE JIECATH
JIeT) ¥ OTHOCUTEIHHO YCTOHYUBBIMH K BHEIIHUM (pakTopam BO3AEHCTBHS.

CTpyKTypHBIE XapaKTePUCTHUKH MPUPOJHOIN BOABI MPOSBUINCH B HCCIEOBAaHUM Ocajka, o0pa-
30BaHHOTO TIPH €€ JeomIn3anud. JTH HCCIeIOBaHMs MMO3BOJIMIN JTOKa3aTh, YTO MPHPOIHAS BOJA
UMeEET KUIKOKPUCTAIUNINYECKYIO CTPYKTYpy. Kak n3BecTHO, BoJia, MPUCYTCTBYIOIIAs B KJIETKaX >KMBO-
r0 OpraHu3Ma TaKke 00pa3yeT KUJAKO KPUCTAJUTMIECKYIO CTPYKTYpyY [9].

Bruto Taxke oOHapyKEHO, YTO MPUPOTHAS BOJA SIBISETCS (PpaKTaIbHO-KIACTEPHON JHUCCUM-
METPUYHOH CHCTEMOH, B OTIMYHE OT 00pabOTaHHONW BCEBO3MOXHBIMH METOJIaMH BOJIOTIPOBOJTHON BO-
JIbl, YTPATHUBIIEH B CUIy TAKOTO BO3AEHCTBHUS MPUPOIHYIO SHEPTeTUKY U €CTECTBEHHYIO, MPUCYIILYIO
TOJIBKO €M CTPYKTYpHYIO XapakTepucTuky [4—6, 10, 11].

JuccuMMeTpus IPUPOIHON BOJBI MPOSBHIIACH TPU M3YYCHHUU (DPAKIUil 3TOM BOIBI — «KH-
BOI» M «MEPTBOI» BOJIBI, TOJTYYEHHBIX C TIOMOIIEI0O MEMOPAHHOTO AJIEKTPONN3a; Ppakunid, MoIydeH-
HBIX TPU KOTE€PEHU3aLUU NPUPOAHON BOIBI (L-, R- CIMHOBBIX nonsgpusanuii) [4, 5]. Pa3nenenssle
(hpaxuy IpUPOAHOH BOMBI OKA3aIUCh IO CBOUMHE (PU3NKO-XUMHYECKAM MapaMeTpaM JTUCCHMMETPHY-
HBIMH.

Haunbonee oTueTnMBO qUCCUMMETpPHUS ITHX (PAKIUi MPOSBUIIACH TIPH MCCIEOBAHMS TBEPIOH
(a3pl, MONYyYEHHON B pe3ynbTaTe KIMHOBHIAHON neruaparanuu ((pa3oBbId Mepexo] >KUAKOCTb —
TBepras ¢aza) [10, 11]. Paznenennsie Gppakiuy, Kak MOKa3ald UCCICIOBAHUS, IIPOBOIUMEIE C TTOMO-
IIbIO TMOJISPU3AIMOHHOTO MHKPOCKOINA, OKa3aJHCh JEBO- W TPaBO- IMONSAPHU30BAHHBIMU BOJHBIMH
CTPYKTYypamu.

[IpuHMMas BO BHUMaHHE JAUCCUMMETPHUIO OMOJOTHYECKH aKTHBHBIX MOIIEKYJ BCETO JKHBOTO,
MO>KHO I10JIaraTh, YTO TAKOE CBOWCTBO MPUPOAHON MUTHEBOM BOABI UMEET IEPBOCTENIEHHYIO BAXKHOCTh
JUTSL XKU3HEAEATEIbHOCTH BCETO KHUBOTO.

OTMeTnM elie 1Ba BaKHBIX MOMEHTA, SBIISIOLINXCS OOIIMMHE KakK JJIs BOJBI, TaK ¥ ISl )KUBBIX
opranm3MoB. Kak ciegyeT W3 MHOTOYMCIEHHBIX JUTEPAaTYpPHBIX HWCTOYHHKOB, (YHKIIMOHHUPOBAHHE
JKUBOTO OpraHM3Ma MpPOMCXOJUT CHHXPOHHO M OOHApYXMBAIOTCS XapaKTEPUCTHUECKHE YaCTOTHI, B
KBU-nuanazoHe 3JeKTPOMAarHUTHBIX BOJIH, OIMPEACISIONINEe BPEMEHHBIE MapaMeTphbl >KHU3HEHHBIX
nporeccoB. OKazanoch, 4TO TaKHE )K€ YaCTOThI OOHAPYKUBAIOTCS M TIPU MCCIIEIOBAHUHA OOBIYHOHN BO-
Il B criekTpax KBUY-pe3oHaHCHOTO B3aMMOAEHCTBUS HU3KO MHTEHCUBHOTO 3JIEKTPOMAarHUTHOTO M3-
JTy4eHus ¢ BOAHOU cpenoit [12].

JpyruM Ba)XKHBIM MOMEHTOM SIBJISIETCS COCTOSTHHE KBaHTOBOHW 3aIlyTaHHOCTH, Hecermapadeib-
HOCTH, B KOTOPOH HaXOJATCS MOJIEKYJIAPHBIE KJIETOYHbIE CHCTEMBI OPraHU3Ma, YTO SIBJISIETCSI BaKHBIM
(hakTOpOM, ONPEACTSAIOIUM X (HYHKIIMOHUPOBAHHE B MPOIECcCaX KU3HENEATSIBHOCTH. JKCIIEPUMEH-
TaJbHBIC MCCIEAOBAHMS JOKA3alM, YTO MPUPOJHAS BOJA, AJUTEIBHOE BpeMs KOHTAKTHUPOBABILIAs C
MIPUPOTHON Cpeoi Tak ke, KaK M BECh KUBOW OpPraHU3M, HAXOAWTCS B HecemapabeIhbHOM COCTOSHHUH
[4, 5]. Oty HecenapabenpHOCTh MOKHO pa3pyluTh. Eciou 3a06oneBaHrne Kakoro-mubo opraHa BelIeT K
MU3MEHEHHUIO COCTOSIHHSL BCETO OpraHu3Ma, TO, aHAJOTHYHO, JI000e BO3AEHCTBHE Ha BOIHYIO Cpemy
MOXKET U3MEHSTh €€ COCTOSIHUE, KOTOPOE YK€ MPaKTUUECKH HEBO3MOXKHO BOCCTAHOBUTH UCKYCCTBEH-
HBIM TTyTeM. [lo-BuamMomy, Boja, yTpaTHBIas COCTOSTHUE HecemapabeabHOCTH yiKe He SIBIAETCS IS
OpraHu3Ma TeM BEIIECTBOM, KOTOPOE MOXKET IMOJHOCTHIO YIOBJIETBOPUTH €ro MOTpeOHOCTH. 3aech
BO3MOJKHA aHAJIOTHUS C BOJHOW CHCTEMOM KUBOTO OpraHu3Ma Ipu 3a0oieBaHnd — Ha cHUMKax KBU-
PE30HAHCHOTO B3aNMOJICHCTBUSA, PUBEICHHBIX B [12] I BOMHOM CHCTEMBI O0IHFHOTO OpTraHa, OTCYT-
CTBYIOT XapaKTepUCTHUECKNE YaCTOTHI, U CIIEKTPHI BMECTO PE30HAHCHOTO MPOSBIISIOT MOJHOCTHIO Xa-
OTHYECKUI Xapakrep.

Kak HeoTheMIIeMBIil 3JIEMEHT >KMBOTO BOJIA, BXOJALIAasl B COCTAaB KUBOI'O OpraHU3Ma JOJDKHA
o0afaTh BCEMH KauecTBaMH XHBOTO 00bekTa. [loaToMy, Ui onpeieNieHnsi caMoro MOHSTHS — YTO
TaKoe XKU3Hb — HEOOXOAMMO M3Yy4aTh BOJHYIO CyOCTaHIIUIO B YCIOBUSAX, KOTOPbIE MAKCUMAIIBHO MO-
JISNAPYIOT TOBEIEHUE BOJBI B JKUBBIX CTpyKTypaxX. C 3TOi MO3UIMK HaM TPEeJCTaBIsIeTcsl Hanbolee
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WHTEPECHBIM M3yUYCHUN CBOWCTB KOTEPECHU3NPOBAHHON MPUPOTHON BoAbl. Takoe m3ydeHne ObLIO TIPo-
BEJICHO BIIEPBLIC [4] U MO3BOIUIO MOIYYUTH HOBBIC IKCIIEPUMEHTANBHBIE PE3YIbTATHI, TPOIUBAIOIINE
CBET Ha MPHUPOJY SBICHHUH, TPOUCXOAAIINX KaK B caMOi BOJAHOHM cpesie, TaK M Ha MPOIIECChl, BO3HU-
KaroIue NP B3aNMOJCHCTBUH TOJIEH KUBBIX MOJEKYISIPHBIX CTPYKTYP C MOJIEBBIMH 00pa30BaHUSIMHU
CaMOM BO/JIBI.

KorepeHusupoBaHHasi npupogHasi Boaa

Panee psig uccregoBarenell BBICKa3bIBajl MPEIION0OKEHHE, YTO BCE TPOIECCHl B )KUBOM Opra-
HU3ME TIPOUCXOSAT CHHXPOHHO C HEKOTOPHIM KOTE€PEHTHBIM 3JIEKTPOMArHUTHBIM TOJIEM, €IUHBIM JIJIS
Bcero oprannsma. [IpenmnosnokeHue o CylecTBOBaHUN KOT€PEHTHOT0 MO BeIABUTAN eme I'. Openux.
[TocTynupoBan cymiecTBOBaHME €IMHOTO0 KOrepeHTHOro mnoiysd ¢ yacrotoi B KBY-amamazoHe Takxke
C..II. CuTbKO U MpEeACTABUTENH €TO IIKOJIBI.

DKCIepUMEHTAIbHOE TOATBEpXkKIeHHE (aKTa CYNICCTBOBAHUS XapaKTEPHUCTUUYECKUX HaCTOT
opranusma ObUTO ocymuiecTBieHo aBTopamu OoTKpbITHA CIIE-3¢dexTa [12], oOHapyKUBIIUX, IPH HC-
cienoBaHnu B3aumojeicTBus KBY-351eKTpoMarHuTHOr0O HU3KOMHTEHCUBHOTO M3JIYYEHHUS C BOJOU H
TKaHSMH XKUBOTO OpPTaHNU3Ma, y3KHEe PE30HAHCHBIC MMUKH C OYeHb BHICOKOM JOOPOTHOCTHIO BOJIM3H Ha-
ctoT 50 [T, 65 I'T'u u 100 I'T. JJoOpoTHocTs B monauanazone 50 [Ty y yenoBeka okazaiach BBIIIE
10 cpaBHEHMIO ¢ Bos10i B cooTHomeHu: 300 u 100.

ABTOpEI [12], yauTBIBask TOT pPe3yJIbTaT, YTO MOJYYCHHBIE UMHU CHEKTPHI JUIS BOJBI M TKaHEH
3I0pPOBOTO OpraHu3Ma OBIIH, TI0 PACIIOI0KESHHIO OCHOBHBIX ITUKOB MPAKTHYECKU WACHTUIHBIMH, CUH-
TalOT, YTO B CIIEKTPAX, CHATHIX C TKaHEH KMBBIX OPTaHU3MOB, IPOSBUINCH KOJeOaHHs BOAHBIX CTPYK-
Typ XHUBBIX 00BeKTOB. T0, 4TO OOHAPYKUBAETCS CIEU(PUIESCKOE COOTHOIIEHHE TOOPOTHOCTEH, yKa-
3bIBaeT Ha TOT (DaKT, YTO BOJHBIE CTPYKTYPHI B KHBOM OPTaHU3ME HAXOASATCA B CHHXPOHU3HUPOBAHHOM
C )KU3HEHHBIMH IIPOIIECCAMU OPT'aHNU3Ma COCTOSIHUH.

ABTOpBI YKa3aHHOH pa0OTHI CAENANH BBIBOJI, YTO: «PE30HAHCHOE COCTOSIHHE OMOIOTHYECKUX
CTPYKTYp TPUCYIIE KUBOH MpHpoiey. Takoe mpeanoaoKeHne OHA BEICKa3bIBAIOT UCXOS U3 aHAJOTHH
C BOJTHOBBIMH IIPOLIECCAMH B CHCTEME CBSI3aHHBIX TOXKJIECTBEHHBIX OCIHMJUIATOPOB M BO3MOXKHOCTH
nepeBo/ia TaKOM Cpeabl B BO30YKICHHOE COCTOSHHE.

Teopernueckuii pacuet [13], Ha KOTOPBIHA CChUIAIOTCA aBTOPHI [12], MoOKa3ai, 4To: CHHXPOHU-
3UPOBAHHOE COCTOSHHE MPEICTaBISIETCs CrelnpUUecKor TepMoIuHaMudeckol (asoif, u mepexoxn B
Hee sBisieTcst (Pa30BBIM MEPEXOAOM BTOPOTO POAA. DHTPOIUS 3TOTO COCTOSHHUSI MUHIUMAIbHA, YeMy TI0
BpummosHy cooTBeTCTBYeT MakcMMyM HH(OpManuu o cucteme. [loaToMy pe3oHaHCHOE, CHHXPOHHU-
3UPOBAHHOE COCTOSIHHE HEYCTOWYMBO, METACTAOMIIFHO, TaK YTO JJISI €r0 MOJAEeP)KaHUus HEOOXOAMMBI
ONpEeJeNeHHbIE 3aTpaTb». B cooTBeTcTBUU € runore3oi I'. dpenuxa, :KMBOW OpraHU3M HCIOJIb3YyET
JUTS TIOIIEPIKAHMSI KOTEPEHTHOTO COCTOSTHUSI CBOSH )KM3HEHHOH CHCTEMBI SHEPTHI0 MeTabonu3ma [14].
OTmeTnM, 9TO BOJa, BXOZSIIAS B COCTaB KUBOTO OpPTaHMW3Ma, KaK HEOThEMIIEMasi €r0 COCTABIIAIONIA,
TOE JI0JDKHA HAXOTUTHCS B KOTEPEHTHOM COCTOSIHUU. 1103TOMY Tak BayKHO [T U3y4YEeHHS MPUHILIUIIOB
(YHKIMOHUPOBAHUS JKUBOTO OpraHM3Ma HCCIeJOBaHHE (PU3UUECKUX CBOHCTB KOTEPEHTHOU BOJIBI C
MIPUBIICYCHUEM CaMBIX COBPEMEHHBIX TEOPH, Kacalomuxcs (PU3UKH BOJBI, U COMOCTABICHHUE WX IIO-
JIOKEHUH C NaHHBIMU 3KCIIEPUMEHTAJIBHBIX MCCIEOBAHUN CBOWCTB BOJBI B CBA3aHHOM CTPYKTypaMu
YKUBOTO OpraHU3Ma COCTOSTHUMU.

Bo03MOXHOCTH MONTy4eHHsT KOTePEHTHON MPUPOIHON BOJBI BO3HHKIIA B CBS3M C pa3pabOTKOM
YCTaHOBKH IT0 CO3/IaHUIO KOTEPEHTHOW MaTepHaIbHOM cpembl [15].

Jlist miccliemoBaHUST CBOMCTB MIPUPOIHOM BOJBI BIIEPBEIC [4, 5] MCIONB30BANIaCh HOBAsI METO-
JIMKa — CO3[aHHe KOTE€PEHTHBIX COCTO-

A B SHUH dYepe3 TNPHUMEHEHHE O0COOBIX

yCTpOHCTB: ymmoB [15], kKoTopele mpu-

> e | > KpEIUISUINCh K Hapy»XHOH CTOpOHE cTa-
L L L L L KaHOB C UcCJeayeMOoil BOJOi.

- T /) T Peanuzanmst npuHIMIa co3aa-

= v | v HHsl 3alyTaHHBIX MAaKpPOCKOMHUYECKHUX

CHUCTEM 3aKJII0UaeTcs B cieayromeM [5].
Bo3pMeM METATUYECKYIO IUTACTUHKY C

Puc. 1 Cxema (popMHpoBaHMA KOTePEHTHBIX YHIIOB. . .
yKazaHHOW Ha puc.l opueHTaruen
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SJIEPHBIX CIIHOB (SIIpa HaXOATCS B CHHTIIETHOM COCTOSIHUH).

Pa3pexem nmnacTuHky Ha 1Be yacTu A u B. CrinHBI 110 KpasiM pa3pesa IIIaCTUHOK HaXOAsTCA B
HECKOMITEHCUPOBAHHOM CHHTJIETHOM COCTOSTHHH, a CAMH IUIACTHHKH HAaXOJSATCS B 3aIllyTaAHHOM COCTO-
sanu. CienoBaTensHO, IPH U3MEHEHUH COCTOSIHUS CITMHOB TUIACTHHKHU A, B IlacTuHke B OymayT mpo-
UCXOANUTh TakWe e u3MeHeHus. Ilo HazHayeHWI0 M NPUMEHEHHWIO IJIACTHHKA A Ha3BaHa YHII-
TPaHCIATOPOM, a IIacTuHKa B — uun-unaykropowm [4, 5].

Ha mpakTuke M3MeHEHHe COCTOSHUS CIMHOB B CHCTEME A peajn3yercs IMyTeM BO3JeHCTBUS
Ha Hee AJIEKTPUUECKUMH WM 3JIEKTPOMArHUTHBIMU TOJISIMH.

[lony4yeHne KOTepeHTHON BOABI M3 MPUPOTHON BOJBI OBLIO OCYIIECTBICHO CIIEIYIOIUM 00pa-
30M [4]. CieunanbHbIM 4K, OpeACTaBISIOMUN 31€MEHT CUHIJIEHTHOM Napbl ¢ TPAHCISILIUOHHON CHUM-
METpHel B BHUJI€ METAJUIMUYECKOHN IJIACTHUHBI, Pa3MEPOM 5X5 MM, IPUKPEIIISICA K BHEIIHEH CTOpOHE
CTEKJITHHOTO CTaKaHa, B KOTOPBIN HanuBanachk (hacoBaHHAs, MPUPOAHAs MUTheBas Bona. OObeM BOIBI
U MiccnenoBanuii Opancs 50 mur, XoTs 00beM MOKeT OBITh pa3iuuHBIA. B Hadane mns akTuBanuu
BOZBI Opasicst L-9utt (JIEBOCTOPOHHSS OPUESHTAIHS CITMHOB), a 3aTeM APYTrod yun — R-9uIl (IIpaBOCTO-
POHHSISI OpUCHTAIMS) U MPHUKPEIUTSUICS K APYTrOMY CTakaHy C Takol e (acoBaHHOW Bojoi. Oba cra-
KaHa C BOJIOM pacIoJiarajich Ha ONPeNeIeHHOM pacCTOSHUM OTHOCUTENBHO ApyT Apyra (110 0,5 m).

[locne 3amuBKM WCXOTHOW BOJBI B CTaKaHBI MPH WCCIEIOBAHUU (PU3MUECKUX CBOWCTB BOJIBI
HAOII0aI0Ch B TUHAMHKE «HABEJIEHIE» C MIOMOIIBI0 YUTIOB KOTEPEHTHOTO COCTOSIHUS BOIBI. Bee u3-
MepeHHS IPOBOAMINCH OTHOCUTEIBHO KOHTPOJIBHOM, HCXOAHOH (hacoBaHHOM BOABI.

Wzmepsnck crienyromme XapakTepUCTHKH Pa3THYHBIX 00pa3I0B MPUPOIHON TUTHEBOI BOJIBI:
KHCIIOTHO-TIENIOUHOe paBHOBecue (pH), ymempHAs dJIEKTPONPOBOMHOCTH (G), OKHCIUTEIBHO-
BoccTaHOBHUTENbHBIN moTeHnnan (OBII), KoHIEeHTpaus pacTBOPEHHBIX NMPHUMECEH HIIM COJEHOCTh
Bonel (TDS B Mr/m) u cTpykTypa JeorIn3npoBaHHBIX 00pa3loB. Bece m3MepeHus BBITONHEHBI TPU
KOMHaTHOM TeMIiepaType.

OKCTIepUMEHTHI TIOKa3alli, YTO U1 000MX THUIIOB MOJSPU3ALNN BOIBI OOHAPYKHBAETCS MOHO-
TOHHBII pocT BeanuuHbl pH U 371eKTponpoBOJHOCTH. DTO CBUAETENBCTBYET O AMHAMUYECKOM H3Me-
HEHHUH W yTIOPSIIOYEHUH KIACTEPHOU CTPYKTYPHI BOA MPHU IMMOCTOSHHOM «ITOEPKAHUI» KOTePEHTHO-
CTH BOJBI C IOMOIIIBIO YCTPO¥CcTBa depe3 uuM. Takke HaOIr0aanoch MOsIBIICHHUE CO BpeMEHEM C1aboro
OCajJKa Ha JTHE CTAaKaHa, 3a CUET «OCAXAECHUS» YaCTH MPUMECceH BOJIBI.

OnucaHHbIe 3aBUCUMOCTH XapaKTEPHBI I BCEX THUIIOB UCCIEIYEMbIX 00pa3IoB, YTO SBISET-
Csl XapaKTepHOH 0COOEHHOCTHIO BIHMAHMS KOTEPEHTHOCTH Ha CTPYKTYPY M CBOMCTBAa M3y4aeMbIX BOJ-
HBIX Cpef.

N3mepena yacToTHas 3aBUCHMOCTb COIPOTHUBIIEHUS L-BOJIbI OTHOCUTENIBHO KOHTPOJIBHOU (HC-
X0JtHOM) Bobl. OOHApYKHUBAETCS, YTO I HABEJIEHHOW KOTEPEHTHOH BOJBI MOSIBIISIETCS IIIMPOKast TO-
J0ca TUCTIEPCUN OTHOCHUTEIHHOTO CONMPOTHBIIEHUS KOT'€PEHTHON M HEKOTepEHTHOH BOJABI B 00JAaCTH
10 I'. ITomosxeHue 3TOM MOJOCHI B CIIEKTPE 3aBUCUT OT CTENEHHU CTPYKTYPHON YHOPSA0OYEHHOCTHU HC-
XOIHOU BOJBI.

Kpucrannoontnyeckuii aHanmu3 TBepAbIX (a3, MONYIEHHBIX MPH UCIAPEHUH Pa3TUYHBIX 00-
pa3LioB KOTepeHU3MPOBAHHONW BOJBI, MTOKa3al, 4TO CTPYKTypa L-Bojbl Oosiee yrmopsaoYeHHasd, 4eM R-
BOJIBI ((ha30BEIi ITepexo1 pacTBOp — TBepAas (aza).

a b C

Puc. 2. CTpykrypa TBepaoii ¢a3nl s odpa3suoB L-moasipusanuu (a), R-moaspusauuu (b) u
HCXOJHOM NPUPOAHOI BOABI (C).
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Oxazanock, Takke, 9T0 L-ToIsIpru30BaHHas CTPYKTypa 0ojee CTpPYKTYpHpPOBaHHAS 110 CpaBHE-
HUIO C UCXOJIHOU U C R-TIONSIPU30BAHHON CTPYKTYpOH.

Ha puc. 2 npuBeneHpl CHUMKH CTPYKTYPBI TBEPIOH (pas3sl sl TpeX UCCieyeMbIx o0pas3mos L-
nossipr3anyy (a), R-momsgpuszamumn(b) n ncxomuoit mpupoaHON BOABI (C) B paBHOBECHOM COCTOSIHHH.
Teepaas daza momydyeHa METOAOM KIMHOBHUIHON JCTHIPATAIIMU U UCCIIEAOBAHA C MIOMOIIBIO MOJISPU-
3allMOHHOTO MUKpOCKoma. BuaHo, 4To Ajst Bcex Tpex o0pa3loB CTPYKTypa TBepaod (asbl (pakTanb-
Hasl, TOJIBKO CTETeHb ()PaKTAILHOCTH M aCHMMETPHUH ee pa3nuyHa [4].

HccnenoBannsa ocoOOEHHOCTEH N3MEHEHUS! OCHOBHBIX XapaKTePUCTHK L- U R- BOJ IMpU KOHTAK-
T€ C XUBBIMH CUCTEMaMH CBUIETECILCTBYIOT O TOM, YTO OMOJIOTHYECKask aKTHBHOCTh L-KOT€pPEeHTHOMH
BOJIBI OOIIbIIE, YeM R-BOJIBI.

Jnst L- v R-TIONSpHW3aIiii CBETAa M3MEPEHBI CIICKTPHI MOTJIOMICHHS KOTePEHTHOW BOABI (00-
nactk cuekrpa 200- 250 am). [lomyyaeTcs, 9TO OHU CYIIECTBEHHO OTIUYAIOTCS, KaK MKy COOOM, TakK
U OT BOJIBI B PABHOBECHOM COCTOSIHUH. DTOT CIEKTPATBHBIN YUaCTOK IOTIJIONIEHHS BOJIbI TPECTaBIIs-
eT co00i ATMHHOBONHOBBIA «XBOCT» AJIEKTPOHHOTO TOTJIOMIEHUS BOZIBI, MAKCHMYM IOJIOCHI IOTJIO-
IIICHUSI KOTOPOH HAaXOJUTCS B O0JIACTH BaKyyMHOTO yibTpaduoiera 738 [16]. dopmupyercs morio-
LICHHE B YKa3aHHOW CIIEKTPaJbHOH 00JacTH ONTHYECKUMH MEPEeXoAaMH C y4acTHEeM KojeOaHHH pe-
meTKH (MOJIEKYJ BOZBI) W MPUMECSIMH, KOTOPbIE HAXOAATCSA B MCCIIEOBAaHHON Boje. B aTom cimydae
(hopMa crieKTpa MEKTPOHHOTO TOTJIOMEHHUS KaK 3aBUCHMOCTh K03(pPHIIeHTa MOTIIOMEH S OT JUTHHBI
BOJIHBI cBeTa (dHEPrHH (POTOHOB) OMMCHIBAETCS IKCIIOHEHIIMAIBHON 3aBUCHMOCTBIO MPH JAaHHON TeM-
neparype, T. €. popma creKTpa MOTJIOMIEeH!s TIOUYHHSASTCS paBmity Ypoaxa [16].

[TapameTpsl mpaBuia Ypbaxa Mg 00euX HOJMApU3alUN OTIMYAIOTCS MEXITY COOOM, MOYTH B
JIBa pasa.

AvHamuKa 3meHeHUA KorepeHU3MpPoBaHHOW NPUPOJHON BOAbI

Hmest BOBMOXKHOCTD SKCIIEPUMEHTAIBHO MONy4aTh KOTEPEHTHYIO (OPHUEHTUPOBAHHYO 110 CITH-
HY) L- 1 R- monspu30BaHHBIC BOJHBIC CHCTEMEI, B TedeHHe 10 gHEH mpoBoAmMIIaCh WX HENpEephIBHAS
KOTePEHU3AINS C TIOMOIIBIO YHIIOB; BCE 3TO BPEeMS M3MEPSUINCH OCHOBHBIE MX (DU3MYECKUE XapaKTe-
pucTHkH. 3aTeM 00€ BOJBI B OJJUHAKOBBIX 0OBEMHBIX KOJUYECTBAX CIWIACH BMECTE U U3MEPSUIU TE KE
XapaKTePUCTUKH YTO U JUIA L- 1 R-BOJHBIX CHCTEM W CpaBHWIM UX i (L + R) ¢ ucxoaHo#H (10 Kore-
peHHU3aIH BOAOH) U ¢ R-TTONSPU30BAHHOM.

Pesynbratel npencraBieHsl B Tabmuie 1.

Tadauua 1.
Tun Boabl pH ° TDS OBl
(uSm) (mr/n) (mYV)
Hcxonnas Bona 8.20 1100 1170 +153
L-nonsipusoBannas 8.20 1140 1270 +168
R-noasipyzoBaHHasi 8.23 1260 1380 +165
(L+R) Boa 8.23 1220 1350 +143

W3 mannbIX Tabnuiel 1 cremyeT, uTo coOI0aaeTcss aAuTUBHOCTD MapaMeTpOB Ui CMEIIaHHOM
(L+R) BOIBI ¢ TOYHOCTHIO 0 OMMOOK m3MepeHuit, kpome OBII. OmHako nanee okazanock, 4TO B IPO-
[ecce XpaHeHHUs BceX 00pas3IoB BOJ BO BPEMEHH W IIPH OJAMHAKOBBIX YCIOBHAX (OTKPBITHIE €MKOCTH
JUIA BceX 00pasIioB) MPOAOJDKAIOT U3MEHAThCs. Ha puc. 3 mpuBeneHsl pe3ynbTaThl H3MEHEHUH Hapa-
METPOB «BOCCTAaHOBIICHHON» Hecenapa0elbHOM BObI (L + R) B TeueHHE Mecsla. 371eCh Ke MPeICTaB-
JICHBI Pe3yJIbTaThl H3MEPEHUI 3TUX K€ MapaMeTpoB s L-Boabl (cenapaOenbHO) U Ul UCXOIHOH,
IPUPOTHOMN, HEcenapaOenbHOM BOIBI.

Oxkazanock, uto B TeueHne 10 nueit mig Boasl (L+R) napaMeTp ¢ U3MEHSAETCH, a Jajee dJIeK-
TPOIMPOBOHOCTh MPAaKTUYECKH BBHIXOAWT Ha MOCTOSHHOE 3HAYEHHUE, B TO BpeMsl KaK IUIsl cenapadelb-
HOU R-BOJIbI G HPOJIOJDKAET U3MEHSITHCA.

[Togo6ue oueHsb cinaboii 3aBHCHMOCTH OT BPEMEHH BEIWYMHBI G JUIsI UCXOMHOU (Hecemapa-
OenpHOW BOJIBI) M BOCCTAHOBIICHHE HecemapabenbHOCTH, — Boja (L+R) MOATBEpKIaeT KBAHTOBYIO
MPUPOAY UCXOAHOW MPUPOTHOMN BOJBL.

W3 mpuBeneHHBIX JaHHBIX CJEIyeT: HEKOTepeHTHas BOAA JTOCTATOYHO IMPOCTO YAEpPKUBAET
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3JIEKTPOHBI U MOXET PaccMaTpUBATHCS KaK CIaObIil OKUCIUTENb, H MOJIEKYJIBI BOJIBI MOTYT TIPEBpa-
tuthes B MoH H)O'. B citydae KOrepeHTHOTO COCTOSIHUS BOJA JIETKO OTJAeT 3JIEKTPOHBI M 00pa3yeTcs
won H,O".

Mpupoaa npoueccoB B KOrepeHn3npoBaHHON NPUPOAHON Boae
KeaHmosasi aniekmpoOuHaMmuKa u ripupodHasi eoda

PackpbITh 00HapyKEHHBIE IKCIIEPUMEHTAIEHO 0COOEHHOCTH MPUPOTHON BOABI, B CHILy KOTO-
PBIX TOJIBKO Takas BOJia MOXET HanOoJiee IMOJHOIICHHO YJIOBIETBOPAThH MOTPEOHOCTSIM KUBOTO Opra-
HU3Ma, a TAK)Ke UHTEPIPETUPOBATH SBICHUS, IPOUCXOIAIINE B KOTEPEHU30BAaHHON BOJIE, TIPEICTABIIs-
€TCd BO3MOXXHBIM C TpHUBJIEYEHHUEM Teopuu, pa3BuToi Jx. [Ipemapara. [loaToMy H3M0XKUM OYEHb
KpaTKO U B YIIPOIIEHHOM BH/JI€ OCHOBHBIE TTOJIOKEHUS 3TOM Teopuu [2, 3].

B cooTBeTcTBUSMU C TEOPETUYECKHUMH TPEACTABICHUSAMHU, WU3JOXKEHHBIMH B ATHX padoTax,
0OBIYHAs BOJIA SBIISETCS ABYX(a3HOW CUCTEMOIl: OHA COCTOUT M3 00JIacTel, B KOTOPHIX OHA HAXOUTCS
B KOI'CPCHTHOM COCTOSAHHUU — «KOI'CPCHTHBIX JOMECHOB», U O6I)I‘IHOI>'I, «KJIACCUYECKOM» BOJBI, OKpY-
JKarolel Takue 00IacTH.

Omnwucatp mporiecc (GopMUpOBaHUs 00IaCTEH KOTEPEHTHOCTH C MO3UINKM KBAaHTOBOU AJIEKTPO-
TUHAMUAKHA MOYKHO CIIEAYIOIIUM 00pa3zoM [2].

[Ipenmonoxxum, 4T0 MMEETCs HEKUi aHcaMOJb u3 N MOJIEKYJ, HMEIOIUX J[BA COCTOSIHUS —
OCHOBHOE U BO30YKIEHHOE, C Hepriel Bo30yxaeHus E = hv , paBHoOU npuMepHO 12 3B. Pazmep mo-
nexynsl mopsaka 0,1 M, B To BpeMs Kak pa3Mep (GoToHa ¢ IITMHONW BOJIHEI A =c¢/V , KOTOPBIA MOXKET
TIPOU3BOINUTE BO30YKIeHHUE ¢ 3Hepruei 12 3B momxen 0T mopsaka 100,0 aM. [losTomMy TMHEHHBII
pasMep ydacTka, Ha KOTOPOM MOTYT MPOMCXOAUTh Bo30yxaeHus B 1000 pa3 Oonplie, 4eM MOJIEKyJa.
[IpenmonoxuM, 4YTO OJUH BUPTYAIBHBIN (DOTOH, KOTOPBIA (IIyKTYHPOBAJ U3 BaKyyma, MOXeET BO30Y-
JIUTH aTOM C BEPOSATHOCTHI0O P (B COOTBETCTBHH C OIICHKOW, B3SATOW W3 MaHHBIX 1O JlemMOOBCKOMY
caBury 3HaueHne P mopsiaka 107+ 107). Bo3GyskaeHHas MoneKyia OyaeT peKoMOHHHPOBATh depe3
OTIpeleNIeHHOE BpeMsl pellaKkcallid, BO3Bpallas oOpaTHO (JOTOH BO BHEIIHIOIO Cpeny, KOTOPBIA WK
MOTJIOTUTCSA BaKYyMOM, HIJIK BO3OYIUT JpYTyI0 MoJieKyry. COOTBETCTBYIOIIAst BEPOATHOCTD ATHX ABYX
COOBITHIA GY/IET 3aBHCETh OT INIOTHOCTH 72 = N /A’ MONEKYI, IPHCYTCTBYIOIIMX BHYTPH 06beMa A’ .

Kornma mioTHOCTE 7 TIPEBBICUT MOPOTOBOE 3HAYEHHE 71, , (OTOH HUKOT/IA HE CMOXET BEp-

crit ?
HYTBCS B BAKyyM, U OyJIET EPEXOIUTh OT OJHOI MOJIEKYIBI K APYroii BHYTpH o6bemMa A’ mpH ycio-
BUU:
P\, =1. (1)

Takum oOpa3zom, BakyyMm oTfaeT (JOTOH B BEIIECTBO. DTOT Impoiecc OyAeT MpoaoiKaThes 0
TeX TOop, ToKa He OyAeT 3aXBaueHO MHOXKECTBO ()OTOHOB W He 00pa3yeTcs JOBOJBHO CYIIECTBEHHOE
moJie B 3Toi obmactu. CrneacTBueM 00pa3oBaHuUs ATOTO OISl OyAeT:
1. BosnukHer mnpu-

;000 TSOKCHHE MEKIY TaKUMH JKe
(1kSm) MOJICKYJIAMH ¥ TPOU30UIET
3HAUUTEIBHOE  YBEIUYCHUE
2500 IUIOTHOCTH, KaK HaOIo1aeTcs
st (a30BOTO TIepexojia Iap
— KHUIKOCTb.
2000 2. OHO mpuBEHeT K
00IIIel OCHMIIISAIMKM BCEX 3a-
XBAaYCHHBIX MOJICKYJl BHYTPH
1500 BCEro paioHa; II0 3TOH MpuU-
YUHE  YKa3aHHbIM  pailioH
Ha3BaH KOTEPECHTHEIM JOMe-
1000
nom (KJI). B atom mporecce
0 > 10 15 20 25 30 MOJIEKYJIBI ¥ (DOTOHBI TEPSIOT
Puc. 3 lunamuka n3meHeHus 3j1ekTponposoaumoctu Boja (L+R)| CBoOrO NIEPBOHAYAIIbHY IO
— 0, R— O 4 KOHTPOJILHOIT BoAbI — A. UACHTUYHOCTb.
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Konnentparus sHepruu B 006JaCTH KOTEPEHTHOTO IOMEHA MPUBOANT K YMEHBIIEHHIO SHTPO-
MU U, B COOTBETCTBUH CO BTOPHIM 3aKOHOM TEPMOAMHAMUKH — K COOTBETCTBYIOIEMY MOHHKEHHIO
sHepruu. B pesynbTare OTHauM DHEPTUM BO3HHUKAET HSHEPreTHUYECKUil 3a30p (IeNb) BEIMYHHOMN
0,26 3B mpu 7'=0 (energy gap) [3], 3T0 03HAYAET, UTO PHEPTUSI KOTEPEHTHOI'O COCTOSHUS HUXKE, YeM
MIEPBOHAYAIEHOTO HEKOI'€PEHTHOT'O COCTOSTHUSL.

B cooTBeTcTBME € TEOpETHYECKUMHE OIIEHKaMH aBTOPOB 3THUX PadoT, IS BOABI IPHU KOTEPEHT-
HBIX OCHMJUIALMAX KaXkJas MOJIEKYJa OCIIIIMPYET MEXAY OCHOBHBIM COCTOSHHUEM, TJ€ AJIEKTPOHBI
TECHO CBSI3aHBI; U BO30YXIEHHBIM COCTOSIHUEM, TJ€ OHU B HAXOAATCS B KBa3HCBOOOIHOM COCTOSTHHU.

VcnoBue cocymectBoBanus AByX ¢pakuuil F.(7) u F, (T ) — KOrepeHTHBIX U HE KOre-

PEHTHBIX MOJIEKYJI, KaK U B CIy4ae CBEPXTEKYUEro *KUAKOTO TeIHs, OMPEAESeTCS COOTHOIICHUEM:
F +F_=1. (2)

VYpaBaeHue (2) ompenenser A KaXI0TO 3HAUYEHUSI TeMIIepaTyphl o0IIee KOJIMYeCTBO MoJie-
KyJ1, TpAHAAIEKANIX KaXI0i (asze, mpr 3TOM KakJas MOJIEKyJa IPOXOANT depe3 IBe (a3bl Hempe-
PBIBHO. DTO MOPOXKIAET «MEPIAOIIUI» PEKUM.

Tem He MeHee, cutyalusi OyJeT MEHIThCS BOJU3U IMOBEPXHOCTH CTEHKH, T OyJIEeT MPOUCXO-
JUTHh CTAaOWJIM3aIHsI KOTEPEHTHOTO COCTOSHUS B CHITY TIPUTSKEHHS MOJIEKYJ BOJBI K CTEHKE, U TOSB-
JISIETCS SHEPTETHYECKUH 3aCIIOH OT pa3elisIomero 3 Qexra TeMnepaTypHbIX CTOIKHOBEHHH.

JJist ciydast BOABI B KOTEPEHTHOM JIOMEHE, B COOTBETCTBUU C [3], BO30YKICHHOMY COCTOSIHHUIO
COOTBETCTBYET 3HaueHne 3Heprun 12,06 3B, Haxozsmeecs Hmxke mopora noHuzanuu (12,60 3B). Oc-
e ¢ 3aeprueit 12,06 3B coorBeTcTBYIOT pazmepy KJI mpumepro 0,1 MKM. DTH OCITMILISAIIAN
MIPUBOJAT K TOSBICHUIO «KBA3HUCBOOOIHEBIX) AJIEKTPOHOB B KOTEPEHTHOM COCTOSIHUU. TakuM oOpazom,
KJI craHOBUTCS pe3epByapoM «KBa3HUCBOOOTHBIX» 3JIEKTPOHOB, KOTOPBIC MOTYT OBITh JIETKO BO30YX-
nmaembl. Kakmoe BO30y)XKIEHHE COOTBETCTBYET KOT€PEHTHOMY XOJOJHOMY BHXPIO KBa3MCBOOOIHBIX
3NEKTPOHOB. DAKTHUECKU, «KBA3UCBOOOIHBIC» JJICKTPOHBI MPUHAICKAT KOTEPEHTHOMY COCTOSHHIO
TakuM 00pa3oM, UTO BHEITHEE BOZMYIICHHE, KOTOPOE MEHBIIIE, YeM BEIIMYMHA SHSPrEeTHUSCKOTO 3a30-
pa, He MOXeT OBITh MepefaHo APYroil MHAWBHIYaTbHOW Moyekyne, Ho 3amacaercs K] xak emuHOe
ernoe, 1aBasi Hadauo KOJUIEKTHBHOMY BO30YKACHHOMY COCTOSIHHIO, KOTOPOE TaKKe KOT€PEHTHO.

BpewMst sxu3HU 3TUX BUXpPEH 3aBUCHUT OT BPEMEHH CYIIeCTBOBaHUA poauTenbekoro K/, cnemo-
BaTeNnbHO, BO30Yyx)aeHuss K] MoryT cyiiecTBoBaTh O4EHb JIOJITO M WHUIIMHPOBATH BO3pacTaHHE dHEp-
ruu Bo30ykmeHnid. OOHApYKUBAETCA TAKKEe BO3MOKHOCTD 3allacaHUsl dHEPTHH BCIIEICTBHE OO0BEIU-
HEHUS MarHUTHBIX MOMEHTOB, BEICTPAUBAIOIINXCS BJIOJIb HAIIPABICHUSI MATHUTHOTO TTOJIS 3EMITH.

Criextp Bo30yxnenus KJI orpaHudeH cBEpXy IHEPreTHUSCKUM 3a30POM, KOTOPBIN COCTaBIISET
0,26 5B na monekymy. [lockonbky B K/ 0k0510 6 MUJIJTHOHOB MOJIEKYJI, OKa3bIBAE€TCA, YTO CIIEKTP U30-
JIMPOBAHHON BOJIBI (HAIIpUMEp, BOJIM3H TTOBEPXHOCTH CTCHKH — TakK Ha3biBaeMmasi EZ-Bona) mpakTude-
CKU HEOTpaHU4eH. JTO 03HA4aeT, uTo BHyTpu K/I B03MOXKHO 3amacaTth OOJIBIIOE KOJUYECTBO SHEPTHUH,
KOTOpOE JOCTUTAET BUIUMOM 007acTh U yiabTpaduomeTa.

OTMeTHM, MOITyTHO, YTO Ha OOBIYHBIX (poTorpadusx oOpa3IoB MPUPOTHON BOIBI, CACITAHHOMN
Ha PEHTICHOBCKOW (DOTOIJICHKE, PETUCTPUPYETCS C1aboe CBEUYCHHME, KOTOPOE MPAKTUYECKU IOJIHO-
CTBIO OTCYTCTBYET Ha (oTorpadusax Karenb BOAOIPOBOIHOMN BObI [8]. DTO 03HAUaeT, 4TO Takas BOJa,
XOTsI ¥ HE SBJIICTCS M30JIMPOBAHHON, I0100HO EZ-Boie, HO B CHITy HAJTUYHS ONPEACIICHHON CTPYKTY-
pbl, chOPMUPOBABIICHCS BCICACTBAE JUIMTSIBHOTO KOHTAaKTa C BHEIIHEH Cpeloi, Takke o0Jyiazaet
CYIIECTBEHHBIM HHEPTreTUUYECKUM MOTECHIIMAIOM (B OTIUYHME OT ACCTPYKTUPOBAHHON BOAOMPOBOIHOM
Bozbl). Hanmuue Takoii XxapakTepuCTHKH, KaK CHOCOOHOCTh COXPAHATH AIUTEIIEHOE BPEMS «IIaMSTh» O
BHEITHEM BO3/ICHCTBUH, 03HAYAET, 9TO C(HOPMUPOBABIIHECS B HEH KOTEPEHTHBIE CTPYKTYPbI HE SBIIS-
FOTCSI KOPOTKOKUBYIIIUMU, KaK 3TO MOXKHO TPEATONAraTh JUisi 0OBIYHOTO BOJHOTO JUCTUILIATA.

Kax ykaspiBaercs B [8], uMeeTcs: «IPUHUUIUANIBHOE pa3Iniyie MEXIY XKUBOM BOAOK U BOJIOM
HEXHUBOU. B HEeXMBOW BOJE KOTEPEHTHBIE JOMEHBI CIUIAIOTCA APYT C IPYTroM, a B )KUBOM OHU MO TEM
WU WHBIM TPUYUHAM OTICNICHBI JIPYT OT ApyTa». TepMHUH «KHBas» 3l€Ch aBTOP yHOTPEOIseT s
0003HaYCHUS BOJIbI, BXOJAINEH B COCTAB )KUBBIX OPTaHU3MOB.

B [3] omuceiBaroTCSA MPOIIECCH, OMPEAETSIONIe MPOTeKaHne KU3HEHHBIX IPOIECCOB B BOJ-
HOHM cpee KJIETOK opraHu3Ma. ABTOp OTMEHYaeT cieayroiiee. KorepeHTHbIE JOMEHBI MOXKHO JIETKO
BO30YKJaTh, OHU CIIOCOOHBI BOOpaTh OOJIBIIOE KOJMYECTBO DPHEPTHMHM MAJICHBKUX BO30YKIACHUN OT-
JENBHBIX BUXPEU, SHEPTHs KOTOPBIX CyMMupyeTcs. Ho 3Ta KoJeKTUBHAS SHEpPrus He MOXKET OBITh
BBINYIIIEHA 32 TPEAeIbl TEIUIOBBIM CIIOCOOOM (M3-3a CYIIECTBOBAHMS DHEPTETHYECKOro 3a3opa). Jis
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JKUBBIX OPraHU3MOB TAaKOH 3allpeT CHUMAETCs ¥ AJI1 BOAHOU CPeIbl XapaKTEPHOH SIBISETCS KOTE€PEHT-
HOCTb MEXIY KOrepeHTHBIMH goMeHamu. B [3] yka3eiBaeTcsa: «UToOBI co34aTh KOTEPEHTHOCTh Cpenn
o0acTell KOTepeHTHOCTH, HEOOXOJMMO 3aCTaBUTh KOTEPEHTHBIE JOMEHBI KOJIeOaThCsl, YTO O3HAYAET,
YTO KOI'€PEHTHBIE JOMEHBI JOJKHBI OBITH CIIOCOOHBI OCBOOOAMTECS OT YCIIOBHS 3aIlpeTa BBIACICHUS
9HEPTHUH 32 CBOM Ipeesbl. BO3MOXKHBIM BBIXOIOM MOTJIa OBl OBITH XUMHUECKAs pa3rpy3Ka SHEPTUI».
O67nacTe KOTEpPEHTHOCTH IJISi BOJIBI, JTOKATM30BAaHHOW MOJIEKYJISIPHBIMU KJIETOUHBIMH CTPYK-
Typamu, pacmmupsiercs ot 0,1 MkM 10 pasmepoB, HaMHOrO IpeBblmaomux pasmepsl K. B ortanune
ot EZ-Bogsl, rne K| cknenBatoTcst BMecTe uepe3 olee NpUTsHKEHHE K CTEHKE, B CITydae BOJBI B JKHU-
BBIX OpPraHU3MaxX Mbl IMEEM MEHEE BS3KYIO )KUAKOCTh, KaK 3TO HAOI0AaeTCA B CBEPXTEKYUEeM T'eIIHH.

Pe3ynbTaTbl uccnegoBaHui BogHbIX cpeq,
¢ npumeHeHunem 3cpcpekta KBY-pesoHaHCHOro B3aMmoaencTemus

ABTOpHEI [2—-3] HEe aKIMEHTHUPYIOTCS HAa KOHKpeTHU3almuH (OpM W MapamMeTpOB MOJICKYIISIPHBIX
CTPYKTYP, YUaCTBYIOMINX B POpMUPOBaHUH BOTHOU cpenbl. [103TOMY A MHTEpIpeTallid OMTUCAaHHBIX
BBIIIIE PE3YJITATOB M3MEPEHUI CBOWCTB BOJHBIX CHCTEM HEOOXOIWMO JIOTIOJIHUThH 3TU PE3YJIbTATHI
JMAHHBIMHU ApyTrux pador. OMHUM U3 HanOoJee BHINAIONINXCS TOCTHKEHHI, IMOJYYCHHBIX B 00JIacTH
(hm3UKH BOJIBI 32 TMOCIIETHUE NECATHIICTHS, SBIIETCS OTKPBITHE PE30HAHCHOTO B3aUMOJIEHCTBHS HU3KO
uHTeHCUBHBIX BOJIH KBU-nnana3ona ¢ BOI0# 1 BOAHBIMH CPEIaMU KUBOT'O OpraHU3Ma, OIIMCAHHOTO B
pabote [12].

ABTOpHI [12] paccMaTpHUBaIOT BOIHYIO cpemy Kak AByX(da3Hyro cuctemy. OHHM IOJIararoT, 9To:
«kuakas (aza BOIbI HE SABISIETCS «TpeThell (ha3oii», a mpeacraBiseT cOOON acCOIMATUBHYIO CMECh
(hparMeHTOB MOJEKYJSPHBIX CTPYKTYpP ABYX €€ KpalHuX (a3 — Jybja U mapa». Bo npaomnomodoHOM
COCTOSIHUH Hambojee yCTOWIMBON CTPYKTYPOM SIBISETCS TeKcaroHaJlbHAas, B KOTOPOW KHUCIOPOI Ue-
THIPEXBaJICHTCH.

B cooTBeTCTBUM ¢ ONMHMCAaHHBIMU B 3TOH pa0OTe pe3ysbTaTaMH, BOJHAs CUCTEMa B PaBHOBEC-
HOM COCTOSIHUM UMEET XapaKTepUCTHUEeCKue 4yacToThl pH 3HaueHusax 50,3 u 51,8 [T, oTBevaronux,
Mo MHeHHIO aBTOpoB OTKPBITHS CIIE-3dhdexTa [12], coOcTBEHHBIM KOIeOaTETFHBIM YaCTOTAM TeKCa-
TOHAIBHBIX KOJICIl KJIACTEPHBIX CTPYKTYP B PaJMaIbHOM U MOTIEPEYHOM HAMPABIICHUSX COOTBETCTBEH-
HO. B [12] yka3bIBaeTcs, 4TO, aMIUIUTY/Ia PE30HAHCHBIX IMUKOB OTPeAesSeTcs OOIIeH MIomaabo Mex-
KJIACTEPHBIX TPaHMI], HA KOTOPHIX MPOUCXOAUT Auccumanus 3Heprun KBYU-BonH. XapakTtepHo, 4TO
TIPHU 3aMOPAXUBAHUU BOJBI MPOSBIISIOTCS TE K€ MTUKHU, HO UX aMIUTATY/Ia CYIIECTBEHHO YMEHBIIAIOT-
Csl, a TUK, COOTBETCTBYIOIIUIN TOMIEPEYHBIM KOJICOAHUSM 3aMETHO HUBEIIMPYETCS. DTO O3HAYAET, UTO
MIPH 3aMOPa’KUBaHWUHU BOBI MPOUCXOINT JOTIOTHUTEIHHOE CBA3BIBAHUE CIIOEB IeKCArOHAIBHBIX KOJIell
B ITONIEPEYHOM HAIPaBICHUU.

BaxupiMu miid mocnenyromen WH-
TEpIpeTaluyd CBOUCTB KOT€PEHU3UPOBAHHOMN
BOJBI SIBIIIIOTCSA JKCIEpUMEHTaJIbHBIE TaH-
HBIC O BJIMSHUU MArHUTHOTO TOJIS U HEKOTO-
PBIX IpUMecel Ha CBOHCTBA OOBIYHOM BOIBI.

[IpuBenem, B3saTHIN U3 [12] PUCYHOK,
WITIOCTpUpYIONMK  TiposiBlieHne 3¢ dekra
3eemaHa B BOJHOU cpefe (puc. 4).

Kak Bumno u3 puc.4, npu BKIHOYE-
HUU TIOCTOSTHHOTO MAarHUTHOTO TIOJS THK Ha
gacrore 50,3 I'Ty npeoOpa3yercs B ABa mu-
Ka, CMEIICHHbIE 0T OCHOBHOTO Ha OJHMHAKO-
BO€ YacTOTHOE paccrosHHe (puc. 2)
Av==0,55TTuy mnpu HaJOXKEHUU TMOJA
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Pagnootkmuk, I/

H =5-10"Tc, a mux Ha uacrore 51,8 I'Tn
TOJIBKO YBEJIMYUBACTCS 110 aMIUIUTYIC.

Kak yxe yka3plBanoch, MUK Ha 4a-
Puc. 4. Pe3oHaHCHBIH CHEKTpP BOabI npu Hajoxe-| cToTe 50,3 I'TI COOTBETCTBYET paaHaIbHBIM

HHMHU NMOCTOSIHHOT0 MaruuTHoro nojst H [12]. KOJCOAHMSM BOIHBIX CTPYKTYp, CIIC0BA-
TENBHO, BO3JICHCTBHE TOCTOSHHOTO MarHWT-
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HOTO TIOJI TPUBOAMT K MOSIBICHUIO ABYX THIIOB PE30HAHCHBIX KOJIEOAHUH B 3TOM HAIIPaBJICHUH.

ABTOpHBI CBS3BIBAIOT paclIelieHne muka ¢ MakcumymoM Ha yactore 50,3 I'T' ¢ mepeopueH-
TUPOBKOHN €IWHUYHBIX T€KCArOHaJbHBIX KOJEIl BJIOJb M MPOTHUB HANPABICHHUS] MarHUTHOTO mons H .
[Ipu 5TOM OHU CUHTAIOT, YTO: «XOTS BOJIa HA MAKPOYPOBHE SBJISIETCA OYEHb CIIA0BIM AMaMarHETHKOM,
Ha MUKPOYPOBHE OHa UMCCT HCHYJICBBIC MAarHUTHBIC MOMCHTEI, TaK KaK MOHbBI KHUCJIOPOda O6HaIlaIOT
MAarHUTHBIM MOMEHTOM M B T'€KCaroHaJbHBIX KOJBIAX BOJAHOU CTPYKTYph». B cooTBeTcTBHHU C pe-
3yapratamMu [12] TOCTOSIHHOE MAarHUTHOE TII0JI€ OPUEHTHPYET T'eKCaroHalbHbIe KOJBIA MOIMEpPeK
HaIpaBJICHUS TOJIS U YIIOPSA0UNBACT KIACTEPHYIO CTPYKTYPY.

YuutsiBas, 4TO MPUPOAHAs BOAA B CUITy CBOETO MPOUCXOXKICHUS UMEET B CBOEM COCTaBe pa3-
JUYHBIC TIPUMECH, UHTEPECHBIMHU TaK)Ke SBISIOTCS JTaHHBIE O BIUSHUM MPUMeceld Ha YacTOTHBHIE Xa-
PaKTEpPHUCTUKN Te€KCAarOHAIBHBIX BOJHBIX CTPYKTYp. OOHApYKHUBAETCS, UTO PE30HAHCHBIE CIIEKTPHI BO-
AbI OKa3bIBAIOTCA OYCHDb YYBCTBUTCIIbHBIMU K HAJIMYWIO B BOJAC TCX WJIM MHBIX anMeceI‘/'I. HCKOTOPLIC
MIPUMECH TPUBOJAT K CMEIICHUIO PE30HAHCHBIX MTUKOB, MITH BOSHUKHOBEHUIO HOBBIX ITHKOB.

HHTepecHBIM 0Ka3aI0Ch BIUSHAE IPUMECH ATHIIOBOTO criupTa. Kak cinexyer u3 [12], mpu pac-
TBOPEHHUH CIHUPTA HAOIIOMAETCSA OUYeHb CHIIBHOE PACCIOCHUE IeKCarOHAIBHBIX CTPYKTYp B HaIpaBiie-
HUU, TEPICHANKYJISIPHOM IDIOCKOCTSIM 3THX CTPYKTYp. Kak cooOIiarT aBTOpHI yKa3aHHO# pabOTHI:
«Er0 MOJIEKYJIBI, BXO/IS B T€KCAarOHAIBHYIO CTPYKTYPY CaMbIM Pa3HOOOpPa3HBIM CIIOCOOOM H3-3a pas-

JIMYHOTO TOJIOKEHHs IIECTH MPOTOHOB H ',

Chupm CO3/1al0T IIMPOKHM CIIEKTp KoJieOaHW BOMU3U

3.0 CyHsOH PE30HAHCHBIX YaCTOT W, OCJIA0JISISI CBS3H MEXK-

Iy CJIOSIMH, YBEITUYHMBAIOT TUCCUTIAIIAIO M WH-

i | TEHCUBHOCTh PAJUOOTKIMKA Ha yactoTte 51,8

v 26F 25°C ITu. B c¢BsA3U ¢ 9TUM HHTEHCUBHOCTHL KOjeOa-

D_ I 2:7 = HHUI Ha 3TOM 4acTOTE BTPOE IMPEBBIIIAET BOJ-
;_‘3 HBII MUK, pUC.5

1.0F Rocka AHaJOTHYHOE YBEIUYCHWE WHTEHCHB-

08} 7 HOCTH Tirka Tipu dactore 51,8 I'T1y (o cpas-

HEHUIO CO CIEKTpaMH OOBIYHOM BOJBI) OOHa-
PYKUBaeTCs O JaHHBIM 3TOH PabOTHI M JJs
PE30HAHCHBIX CIEKTPOB BOIHBIX PacCTBOPOB

Pamroorcnm,
=]
=

i ] [JIMIEPUHA, caxapa, CIIEKTPOB MOJIOKa, OejKa U
0,2} \ HEKOTOPBIX JIPYTUX BOJHBIX CPEI; IS BOJBI,
. ‘1_& KOHTaKTHUPYIOIIEH C IBYOKHCHIO KPEMHHUs. DTO

48 O3HAYaeT, YTO HAJIMYHE psia MPUMECceH Takxke
Yncrora, T MPUBOAUT K PACCIOCHUIO T'eKCArOHAIbHBIX

mwiockocteir. OCOOEHHO 3TO XapakTepHO IS
Puc. 5. Pe3oHancHbIE CIEKTPHI ITHIOBOIO CIHMP-| opraHMdeckux Mojekyn (6enok um ap.), B co-
Ta u BoAbI [12]. CTaB KOTOPBIX BXOJAT MOJEKYJSIPHBIE CTPYK-

TYpBl C CONPSKEHHBIMM CBA3sIMH. B oTinune
OT HUX, KaK YKa3bIBaJIOCh BBIIIE, B CIIEKTPax BOJbI, HAXOIIEIHCS B pABHOBECHH C IUIABAIOIINM B HEH
apA0M, [12] mpakTHYECKH MONHOCTHIO HUBENIHMpYeTCs MUK mpu 3Hepruu 51,8 I'TH, oTBeuyaromuii 3a
OCLMJUIALMY IeKCarOHANBHBIX CJIOEB B MONEPEYHOM HAIPaBICHUU.

OuccummeTpusa npupogHon Boabl

[Ipoananusupyem, ¢ MO3UIMH KPaTKOTo 0030pa HCCIeNOBaHUMA, MPEICTaBICHHBIX B [2, 3],
OMHMCaHHBIE BBILIE PE3yNbTAThl SKCIEPUMEHTAIBHBIX W3MEPEHUI CBOMCTB MPHUPOTHOW BOJBI U MPH-
POAHON KOr€pEeHN3UPOBAHHOM BOJBI.

Haubonee xapakTepHOil 0COOCHHOCTBIO IPUPOAHON BOIBI €CTh €€ Juccummempus. OHa oOHa-
PYXXHUBaeTCs IIPU MEMOPAaHHOM JIEKTPOJIN3E — Pa3[eNIeHUH BOJbI HA KUCIOTHYIO U LIEJIOYHYIO, IIPH
KOTepEHH3AIMH BOJABI C MOMOIIBIO YUIIOB — JIEBOBPALIAIOMINX M MPABOBPAIAIONINX, U BHU3YaIbHO
00HapyXHBAETCsI IPU HCCIEAOBAHUU C MOMOILBIO MOJSPU3AHOHHOIO MHUKPOCKOIA 3aKPHCTAIIIH30-
BAHHOT'O OCaJIKa BOJHBIX 00pa3roB dTUX (Ppakituii [7, 9]

JuccuMMeTprs MPUPOTHOW BOABI O3HA4YaeT, YTO B TaKOW BOJE MPHUCYTCTBYIOT JBa THIIA
CTPYKTYP, MPOSBJISIONINX Ce0sl MPH BHEIIHEM BO3JEHCTBUH Pa3M4HBIM 00pazoM. DakTuvecku, pas-
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JIeJIEHHBIE BOJIHBIC (DPAKIMH SBISIFOTCS TT0 CBOMM CBOMCTBAM Pa3TUYHBIMH BOJHBIME CpeIaMH, BEdy-
IMMH ce0si BO BpEMEHH IO Pa3IUYHBIM 3aKOHAM, HE 3aBUCUMO JpyT oT Apyra. OHU UMEIOT pa3iud-
HbIe (PM3UKO-XMMUYECKHE CBOMCTBA, PA3IMYHYIO0 MPOCTPAHCTBEHHYIO OPTaHU3aIMIO, Pa3IUYHO BIIUS-
IOT Ha CBOMCTBA KUBOTO OopraHm3Ma. VccienoBaHus, MpOBOMMbBIE HE3aBUCHMBIMH METO/IaMH, ITOKa-
3aJIM, YTO OHU SIBIIAIOTCS JIEBO- U MPABO- BPAIIAOIIMMU cucTeMaMHd. [lo-BUIUMOMY, UMEHHO TakKoe
CBOWMCTBO MPUPOJHOMN BOABI SIBJIIETCS HAMOOJIee LMEHHBIM JIISl TUCCUMMETPUIHBIX CTPYKTYP JKUBOM
MIPUPOJIBI, B CHITY Y€T0 3TH CTPYKTYPBI MOTYT H30HpaTEeNbHO MPUCOSANHATE K ce0e MIH CO37aBaTh IS
ce0s BOJHYIO Cpely TO¥ WM WHOW MPOCTPAHCTBEHHOW OpHeHTaIi. BO3MOXHO, BCICACTBUE XUPAIIb-
HOCTH MOJICKYJ JKHUBOTO, JUCCUMMETPHUS MPHCOCIAUHEHHBIX BOJHBIX CTPYKTYP €CTh HEOOXOJUMBIM
YCIIOBHEM JUTSI TPOTEKAHUS OMPEIEICHHBI3 KIIETOUYHBIX IPOIIECCOB.

[Ipu srexTponm3e paszieneHne BOAbI Ha 1B (PpakInU CBSI3aHO C BO3MOKHOCTHIO BOJIHBIX MO-
JIEKYJT TUCCOIMMPOBATh HA THAPOKCHIbHBIE HOHBI OH © BOIOpPOIHBIE MOHBI H ', BCIEICTBHE YEro
IpU DJIEKTPOJIM3E MBI UMeeM JBe (ppakiuu: MICIOYHYI0, OOOTAIEHHYIO THAPOKCHIIEHBIMH HOHAMHU
BOJly U KHCJIOTHYIO, 000TaIIeHHYIO BOJOPOAHBIMUA HOHAMHU.

[Ipu xorepeHn3anuy paszeneHne IPUPOTHON BOABI Ha (PpaKIMU CBA3aHO C HAJTHMYUEM B KOTe-
PEHTHOM COCTOSIHUM OCOOOTO THIIa MOJEKYJSPHBIX (OPMUPOBaHUM, 00pa3yromuX, MO-BUANMOMY,
JIEBO- U MPABO- OPUEHTUPOBAHHBIE CIIUPANIA U3 TeKCArOHAIBHBIX IUIOCKOCTEH, KOTOPhIE MOTYT COCTaB-
JSTh CTPYKTYPHBIE AIIEMEHTBI KOTEPEHTHBIX JJOMEHOB B BO30YKIEHHOM COCTOSTHUH. DTH 00pa30BaHus,
BO3MOXHO, OYIyT dHAHTHOMOP(DHBIMH (XUPATBHBIMH), T. €. HEC UMCIONIUMHU IIEHTPa W TUIOCKOCTEH
CUMMETPHUH, U ONITUYECKH aKTUBHBIMU OOBeKTamMu. TakuMu, B COOTBETCTBUU C [7], «KMOTYT OBITH MO-
JIEKYITbI, COCTOAIINE HE MEHEe YeM M3 YETHIPeX aTOMOB, HOO TOJBKO IMPH YHCIE aTOMOB OOJBIIEM
TpeX, MOJIEKyJIa MOXKET OBITh HETJIOCKOH (¥, CIIeIoBaTeNIbHO, HE UMETh TNTIOCKOCTH CUMMETpHH)». [lo-
3TOMY €AMHUYHBIE MOJIEKYJIbI BOJBI HE MOTYT OTBEYaTh 32 JUCCUMMETPHIO. 3a JUCCUMMETPUIO MOTYT
OTBEYATh TOJBKO JOCTATOUYHO JITUTENHFHO CYIIECTBYIOIIKNE BOJHBIE CTPYKTYphl. Hanuure oTHOCUTEND-
HO CTaOWJIBHOTO TIOJIsA, OOHAPYKMBAEMOTO Ha KHUPIMAHOTPa(QUYECKUX CHUMKaX MPUPOIHON BOJFI,
yKa3bIBaeT Ha BO3MOXXHOCTh 00pa30BaHUS TaKUX CTPYKTYpP, BOSHUKHOBEHHE KOTOPBIX CTUMYJIHUPYETCS
AKTUBAIUCH BUXPEBBIX BO30YKIACHUN KOTEPEHTHBIX JIOMCHOB.

B oTnmume oT BOXHOTO AWUCTHILIATA, B MPUPOJHON BOJE BO3MOXKHO BO3HWKHOBEHHE OTHEIb-
HBIX KJIACTEPOB, B KOTOPHIX BO3HUKAET KOTEPEHTHOCTh CPEAM KOT€PEHTHBIX JOMEHOB W pa3Mephl Ta-
KHX KJIACTEPOB 3HAYUTEIBHO MPEBBIMIAIOT pa3Mepbl eIuHUYHBIX noMmeHoB 0,1 MkM. B pesynbrate
MPUPOJIHAS BOJA MPUOOPETAET XAPAKTEPUCTHUKHU KUIKOKPUCTAUITHYECKON cpepl. JTUTensHOCTh Cy-
IIIECTBOBAHMS KOTEPEHTHBIX CTPYKTYp OOyCIIOBIMBAETCS MPUPOIHON SHEPTETHKOW caMOW BOJBI, UTO,
KaK YKa3bIBaJIOCh BBIIIE, XapaKTEPHO U I BOJBI )KUBBIX OPTaHU3MOB.

Mo>kHO, UCXOMS U3 MPOSBICHHBIX CBONCTB MPUPOJHON BOJBI, MPEANONIOKUTH, YTO B TaKOM
BOJIC BO3HHKAET U KOTEPEHTHOCTh MEXIY OTACIBHBIMU KIIACTEpaMH, HO MPOIECCHl CHHXPOHU3AIINH,
CTUMYJIMPYEMBble 3aKaYKOW YHEPTHH U3 BHEITHEH cpebl, MOTYT KOHKYPHPOBATh C ITPOIIECCAMHU IPOTH-
BOIIOJIO’KHOTO XapakTepa (0COOCHHO TpPH HEKOHTPOJUPYEMOM BHELIHEM BO3ICHCTBHHM Ha BOAHYIO
cpeny), IPUBOISAIINMH K JJIEKOTEPEHTHOCTH.

Takum o0pazom, NMPUPOAHYIO BOAY MOXKHO paccMaTpuBaTh Kak AWCCHUIATHBHYIO CpELy,
c(OPMHUPOBAHHYIO IPUPOAHBIMU (AKTOPAMHU B YHOPSIJOUYCHHYIO H cOAlaHCHPOBAHHYIO IO CBOMM (pu-
3UKO-XMMHYECKUM CBOWCTBAM JHCCUMMETPUYHYIO BOJHYIO cUCTeMy. Takas BoJHasi cUCTeMa, nu30upa-
TEBHO B3aUMOJIEHCTBYS C TEMH WM WHBIMU KU3HEHHBIMH CTPYKTYPaMH, SBISIFOIIUMUCS XUPATbHBI-
MU (KaK 3JIeMEHTBI KUBOT0) IMpHoOpeTaeT B KJIETOYHOM cpelle OpraHu3Ma COOTBETCTBEHHO Ty WIIH
VHYIO MOJIAPU3ALHIO.

Kak moxkazaHo B [3], 115 BOJBI )KUBBIX OPTaHU3MOB OJIHUM U3 CaMbIX CYIIECTBEHHBIX OCOOEH-
HOCTEH SBIISETCS TO, YTO KOT€PEHTHBIE JOMEHBI He SIBIISIOTCS «CKIECHHBIMU» MEXIy cOo00il MosiMu,
MIPOCTUPAIONIMMHUCSA 32 TpeAessl TOMEHOB, U 0OHApPYyKUBAETCS] KOTEPEHTHOCTh HE TOJIKO BHYTPH JO-
MeHa, HO ¥ MeXay aoMeHamu. KorepeHu3amnus MpUpOIHON BOIBI IO HOBOW METOJUKE, M3I0KECHHOM
BBIIIIE, pElIaeT 3aaady MOJy4deHHs oOmeil KOTepeHTHOCTH BOXBI. DTO O3HA4YaeT, YTO B HEH TaKxke
JIOJDKHA OCYIIECTBIISIETCSI KOTEPEHTHOCTh Cpeid KOTepeHTHBIX JToMeHOB. Kpome Toro, B cuiy mpen-
JIO’KEHHON METOJMKH, MBI MTOJIy4aeM BOJAY JICBOM WUJIU MPaBOi CIMHOBOM MOJSPU3ALUU. DTO TO3BOIIA-
€T HaM IpearoaraTh, 4YTo MOJy4YeHHAs M0 TaKOH METOAMKE BOJA SIBISAETCS CHUCTEMOM, MOAETHPYIO-
el CBOMCTBA BOABI JKUBOTO opraHusma. /[yns moaTBepkKAeHHs BBHIABUHYTOTO IPEINOI0KEHHUS HEoO-
XOIUMO MPOAHAIU3UPOBATH HKCIICPUMEHTANbHBIC PE3YJbTAThl MPOBEACHHBIX H3MEPEHUU CBOMICTB
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TIPUPOTHON BOJIBI, PA3CIICHHOHN Ha IBe L- U R- CIIMHOBO OPUEHTHUPOBAHHEIE (DPAKITHH.

O BO3MOXXHOCTU NMPOSABIIEHUA KOPPENALMOHHBbIX 3 heKToB
CBepXNpPOBOASALIEro TMMNa B KOrepeHn3npoBaHHOW NPUPOAHOM Boge

JleTalbHO OCTaHOBHMCSI Ha HEKOTOPBIX pe3yibTaTaxX KCCICAOBAHUN CBOWCTB MPUPOIHON U
KOTE€PEHU3UPOBAHHON TPUPOAHON BOABI.

Hanbomee wHTEpecHBIM OKa3bIBACTCS YBEIWUYCHHE TMOKazaTenel mpoBoaummoctd u PH-
AKTUBHOCTU KOTEPEHU3UPOBAHHON HPUPOAHON BOABL. IIpoBOAMMOCTH Ha BTOpPOHl JE€Hb NMPOBEACHUS
SKCIIEPUMEHTa BO3POCTaeT Oojiee YeM B J[Ba pas3a M MPOJOJHKAET YBEIWYHBATHCA U B IOCIETYIOIINE
ITHY, TIPUYeM HECHMMETPHYHO U Pa3IHYHBIX (pakmuid. YBeNIWdeHHe MPOBOMHOCTH U BOABI L-
CITUHOBOW OPHUEHTAITMH IIPOUCXOIUT ObIcTpee, ueMm aisi R-cuctembl. CHHXpOHHO OOHApyKUBaeTCs U
yBenudenne 3HaueHust PH: ot Bemwuunsb! 7,8 10 BenwuuHsb 8,2 i R-Gppakiud U 0 BETUYUHBI OoJiee
8,3 mns L-dpaknun.

Pe3koe yBenmueHne 3THX MapaMeTpoB CBUICTEIBCTBYET O CYHMIECTBEHHOM MEPECTPOIKE BHYT-
PEHHEH CTPYKTYpBI 00eMX CUCTeM L- U R-CIIMHOBBIX OpUCHTalui. Ha 3T0 yka3pIBalOT U JaHHBIC U3
WCCIIEIOBAHUS Kpasi TOJIOCH! (PyHIaMEHTAILHOTO MOTJIONIEH!sT 000X BOAHBIX (pakuuid. [Ipudem xa-
pakTepHO, 9uTo 00€ (hpaKIiu BO BCEX IKCIIEPUMEHTaX He KOPPETUPYIOT IO N3MEHEHHIO CBOUX CBOWCTB
MeXIy cO00H U (ppakius JIeBOi OpHEHTAINK OKa3bIBacTCs 0oJiee aKTUBHOM, YeM IpaBasl.

Kax yxa3piBanocsh B [2,3], 151 KOTEPEHTHBIX JOMEHOB XapaKTEPHBIM SIBJISICTCSI HAJTMYUE BUX-
PeBBIX BO30YKIEHHBIX COCTOSHHIA, MAaTHUTHBIE MOMEHTHI KOTOPBIX MOTYT BBICTPAaWBaThCS BJIOJIb WIIH
MIPOTHB HAIIPABJICHUS MAarHUTHOTO TOJIST 3EMIIH.

Jist mpupoAHOM BOJIBI, KOTOPOH MPHUCYIA KUIKOKPUCTALTUYECKAsT CTPYKTYpa, BO3MOKHBIM
SBIISIETCS] B3aWMOJICHCTBIE BHYTPEHHUX TOJIEH. DTH TOJSA OTBEYAIOT 3a (pOpMHpOBaHKE KIACTEPHBIX
00pa30BaHUi M, YACTUYHO, 32 OPraHH3AIMI0 TUCCUMMETPUUHBIX CTPYKTYp, KOTOPBIC pa3jIHdHbIM 00-
pa3oM pearupyrT Ha BHEIIHUE (aKTOphl Bo3jaeWcTBUSA. [lpu B3aUMOJCHCTBHM C BBIJACICHHBIM
HaIpaBlieHHEeM MarHUTHOTO TIOJI WX SHEPTUs MOXET MOBBIIIATHCS WM IMOHIKATHCS, KaK U (B COOT-
BetrcTBUH C [12] (prc.4)) s TeKCaroHAbHBIX CTPYKTYP BOJIBI, IIOMEIIEHHOW BO BHEITHEE MAarHUTHOE
0JIE ¥ UMEIOLIUX COOCTBCHHBIC MArHUTHBIC MOMEHTHI.

[Ipu korepeHH3aUu BOJHOM CHUCTEMBI C HCIIOJIB30BAHUEM YHUIIOB MPOUCXOAMUT MEPECTPOMKa
BHYTPEHHEHN CTPYKTYphI BOABI U pa3leicHUE €€ Ha L- U R- BOJHBIE COCTABIIAIOIINE, KOTOPHIE OKa3bl-
BAIOTCSI HE CHMMETPUIHBIMH TI0 CBOMM CBOMCTBaM, YTO CJIEyET U3 PE3yJIbTAaTOB MPOBEICHHBIX U3Me-
pennii. Pe3koe yBenmdeHne MPOBOJAMMOCTH G CBHACTEILCTBYIOT, KaK yKa3biBaeTcs B [2, 3], o mpo-
SIBUBIIIEMCS JTAJIbHEHIIIEM YBEIMUYCHUH OOINEH KOTePEHTHOCTH IS 00eHX pa3ieiieHHBIX (paKiuid H,
MO-BUANUMOMY, Ha BO3HHUKHOBEHHE KOTEPECHTHOCTH MEXAY KOTepEHTHBIMH TOMEHaMu. Brimanenue
ocajgka, HaONOJaBIIeecs MPH KOTEPEHM3AIHH, TAaKXKEe O3HAYaeT, YTO MPOM30ILIA JOTOTHHUTEIhHAS
JIOOYUCTKA BOJHOM CHUCTEMBI 3a CUET BO3HHKHOBEHHS KOTEPEHTHOCTH MEXAy nomeHamu. Cremyer
OKHUJIATh U YMEHBILICHHUS BSI3KOCTU B KOTEPEHTHBIX JOoMeHax, yBenuueHuss PH . [locrnemnee Takxke
(bukcHpyeTcs U3 SKCIIePUMEHTATBHBIX H3MEPEHH.

ABTOpHI [12] 00HapyKEHHYIO0 UMH 3aBUCUMOCTH BIIHSHIS BHEITHETO MAarHUTHOTO TIOJIA Ha pe-
30HaHCHbIE cniekTpbl KBU-u3nydenus ¢ BOJHON Cpefoil CBA3BIBAIOT C HAJIMYHUEM B BOJE €IUHUYHBIX
TFEKCarOHANBHBIX CTPYKTYP, KOTOPhIE UMEIOT MATHUTHBIE MOMEHTHI U, CI€IOBATENbHO, BICTPAUBAIOT-
Cs1 BIOJIb IPUJIOKEHHOTO TTOJISL.

Jlist 0OBIYHOM BOIBI, UMEIOIICH B CBOEM COCTaBE KIIACTEPHBIC DJIEMEHTHI (B COOTBETCTBUU C
MPEJICTABICHUSAMH, H3JI0KEHHBIMU B 3TOW paboTe) cocTosmme u3 (parMeHTOB <«JTbJA0MOOOHBIX
CTPYKTYpP», T. €. TeKCAarOHAJIbHBIX CTPYKTYP, TAK:KE MOXKET MPOSABUTHCS BO3ICHCTBUE BHEUIHETO MPHU-
JIOKEHHOTO TIOJIS, €CIIA TaKUe CTPYKTYPhI OKa3bIBAIOTCA JIe()EKTHBIMA HITH JUCCUMMETPUIHBIME U CO-
CTOSAT U3 MPOCTPAHCTBEHHO Pa3JeNIEHHBIX MEXIY c000# 1uiockocted. Kak yka3pIBaloCh BHIIIE, pac-
CJIOEHHE TIOCKOCTEW MOXKET OBITh BRI3BAHO PAOM MPUMecer Win Apyrumu gaktopamu. CHMMeTpHd-
HBIE CTPYKTYPbI B CUIIy CBOEY CUMMETPUU MarHUTHOI'O MOMEHTA UMETh HE MOT'YT.

OnHOl Y3 NMPHYUH, TPUBOASIIEH K 00pa30BaHHUIO MOJOOHOTO THIA JIe(HEKTOB, MOKET OBITh
CTaTHCTUYECKOE COOTHOIICHUE MEXKIy KOJUYECTBOM OPTO- M Mapa- MOJEKYJ Bonbl, paBHoe 1/3 [18,
19], coxpansronieecs HEM3MEHHBIM B LIMPOKOM HHTepBane temneparyp 7 > 34K . Atopsl [18] pabo-
ThI IPE/INIOIAraOT, YTO B OOBIYHOM BOJIE B KOI'CPEHTHBIX 00Pa30BaHUSX MOJIEKYJBI BOABI CTPYKTYpPH-
PYIOTCS B reKcaroHalbHbIE KOJbIIa Yepe3 BOAOPOAHBIE CBSA3H IIPH YYaCTHH MOJEKYJ Mmapa-Bojabl (OHU
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MOTYT HE WMETh BpallaTeIbHBIX MOMEHTOB), B TO BpeMs KaKk HEKOTepeHTHas (Qpakius oOpa3oBaHa
MOJIEKYJIaMU, B OCHOBHOM, B OPTO- COCTOSIHUU.

Bo apny, xak ykaseiBaeTcst B [12], KUCIOpOJ YeThIpEXBaJCHTEH. DTO O3HAYAET, YTO B reKca-
TOHAJBHBIX IUIOCKOCTSAX OH TOXE UYETHIPEXBAICHTECH. B Cilydae pacciioeHHUs I KaXXIOW MOJICKYJIBI
BOJIBI, CBSI3AaHHOW Yepe3 BOJOPOIHBIC CBS3H C COCETHUMH MOJCKYJIaMH, UMEIOTCS IO JIBa DJICKTPOHA,
HE JIeXKAIUX B TIOCKOCTHU KoJiblia. OHU MOTYT, 110 aHAJIOTHH C MOJICKYJIOW OCH30J1a, SBISIOLICIHCS MO-
JIEKYJIOM C COTIPSKCHHBIME CBSI3SIMH, TIPOSIBIIATH TEHICHIMIO K criapuBaHuio. OHAKO MOJTHOW aHajo-
TUU C MOJIEKyJIOol OeH30J71a HE MOXET OBITh, TaK KaK B TEKCATOHAIBHBIX CTPYKTypax MPHUCYTCTBYIOT
BOJIOPOJIHEIC CBSI3H.

Kak omucano B [20], mjs BOOOPOAHBIX CBSA3€H B MOJEKYJISPHBIX COMPSIKEHHBIX CHCTEMAX
UMEETCS AT CYIIECTBEHHBIX OCOOCHHOCTEH 10 CpaBHEHHIO C OOBIYHBIMH CHCTEMaMH C CONPSHKEHHBI-
MU CBs3sMU. KpaTKo mepeducinM HEKOTOPhIE U3 ATUX 0COOECHHOCTEH

1. VYBenmuumBaetcs SHEpPrusi BOJOPOIHOMN CBSI3H (@, 3HAYHT, U €€ TPOYHOCTB).

2. VYBenuuyuBaeTCs TepMUUYECKasi CTOMKOCTh BOJOPOJIHOM CBSI3H.

3. BomoponHas CBSi3b B MOJICKYJIaX C T-CONPSDKCHHUEM BBHI3BIBACT IITMHHOBOJHOBBIM CIBUT B
SJIEKTPOHHBIX CHEKTPaxX MOTJIOMIECHUS U UCITYCKAHUS MOJICKYJ. DHEprusi BOJIOPOIHOM CBS3H B
BO30YK/I€HHOM COCTOSTHUH 3aMETHO OOJIbIIIe, YeM B OCHOBHOM, MHOT/IA TIOYTH B JBa pa3a.

4. BopmopomHas CBSI3b B MOJIEKYJIaX C T-COTPsDKEHUEM OKa3bIBaCT CHIILHOE BIUSHUE U HA IPYTHE
(hM3UKO-XUMUYECKHE CBOWCTBA COCIMHEHHI: YMEHBIIIAET KOHCTAHTY TUCCOIUAIINH, YBEIHNIH-
BaeT PACTBOPUMOCTH H JIETYYECTh, H3MEHSIET PEaKIIMOHHYIO CITOCOOHOCTH U JIp.

DTO 03Ha4YaeT, M0 MHEHHUIO aBTOpOB [20], UTO M1 OMHCAHUS CONMPSDKEHHBIX MOJICKYIISIPHBIX
CHUCTEM C BOJOPOIHBIMH CBSI3SIMH HEOOXOMMO YUHUTHIBATh B3aMMOJICHCTBHE BOJOPOIHOMN CBS3H C TI-
3JIEKTPOHAMH.

B cootBercTBHE ¢ Teopuei, pazsuroit k. [Ipenapara [2], B KOTepeHTHBIX JOMEHAX 3JICKTPO-
HBI HaXONATCSA B CYTEPIIO3UITMOHHBIX COCTOSTHUSIX, IIPH dTOM KaXK[as MOJIEKyJa OCIMILTUPYET MEXITY
OCHOBHBIM COCTOSIHUEM, 4eil cratuctuueckui Bec 0,87, u BO30YKIEHHBIM COCTOSHUEM, Y€l CTaTH-
ctuueckuit Bec 0,13. DT0 03HAYAET, YTO KOIEPEHTHBIN JOMEH COIEPKUT OKOJIO 6x10° «KBa3MCBOGOI-
HBIX» DJIEKTPOHOB, MTPOSIBIISIFOIINX Ce0s, B CHITy KOTEPEHTHOCTH, KaK CIUHOE IICIIOE.

MO>KHO TIPEIIOI0KHUTh, COMOCTABIAS ATH TEOPETHUECKUE Pa3pabOTKU C IKCIICPUMEHTAIbHEI-
MU UCCIIeOBaHUSAMHE [12], 9TO IUIsi KOTEPEHTHBIX TOMEHOB Hanboliee BEPOSTHOU SIBISETCS CTPYKTY-
pu3anus BOJHBIX MOJIEKYJI B TeéKcaroHaJIbHBIE 00pa30BaHMsI WM, KaK yYKa3bIiBaeTcs B [12], B «iIbmomo-
JOOHBIE CTPYKTYPBI».

OpHAaKo 3716Ch UMEETCS CYIIECTBEHHOE OTIHYUE OT «JIBJOMOJA00HBIX CTPYKTYp». OHO 3aKII0-
4yaeTcs B TOM, YTO JUIS BCEX MOJIEKYJI, HAXO/SAIINXCS B KOTEPEHTHOM JIOMEHE, BCE MPOIIECCHI IPOUCXO-
JIAT CHHXPOHHO U C o0miel (a3oii. BTOpEIM OTIHMYHEM €CTh TO, YTO B 3aBHUCHUMOCTH OT BEIUYHHBI
SHEPrU3aIMH KOTEPEHTHOTO IOMEHA IS TeKCArOHABLHBIX TUIOCKOCTEH JOKHO HAOIIOAaThCS Paccio-
enne. OHO MOXeT ObITh BHI3BAHO B3aUMOJICHCTBHEM MEXY T€KCAarOHATBHBIMH TUIOCKOCTSMU B CBS3H
C TEM, 9TO OTJENbHBIC I'eKCaroHAIbHBIE KOJBbIIAa MOTYT MMETh ITUPKYJIHUPYIOIIHE TOKH, YTO COOTBET-
CTBYET BO3HUKHOBCHHUIO B HIX MarHUTHBIX MOMEHTOB.

Bo3HUKHOBEHHE ATHX TOKOB MOPOXKAAETCS IEKTPOHAMH, HE 3a/IeHCTBOBAHHBIME B 00pa3oBa-
HHE BOJOPOJHBIX CBS3eH W HE MPUHAMICKAINX TeKCAaroHaJIbHBIM IUTOCKOCTSIM. Ha3zoBeM WX «BHeII-
HAMI» DJIEKTpOHAMU. B dHEPreTHIeCKOM OTHOIICHUH ATH JJICKTPOHBI HE SBISIOTCS YKBUBAIICHTHBIMHU
9JIEKTPOHAM, HAXOMAAIIMMCA B IUIOCKOCTU Kojiell. IMEHHO OHM MpU OINpPEAEIEHHBIX YCIOBHUSIX MOTYT
MIPOSIBIIATH TEHACHIINIO K CIIAPUBAHUIO.

OmHUM U3 TaKUX YCIOBHH SIBISICTCS PACCIOCHHE IeKCaroHAIBHBIX IUIOCKOCTEH M HECHMMET-
PUYHOCTH KoJiell (Ie(eKTHOCTh), CBA3aHHAS C PUCYTCTBUEM B TEKCArOHAIBHBIX KOJBIAX OTICIBHBIX
MOJIEKYJT OPTO-MOTUDUKAIUH.

BTOopeIM HEOOXOAMMBIM YCIIOBHEM SIBJISIETCST OOIIast KOTePEHTHOCTD, KOTOpas MPHCYyIa Kore-
PEHTHOMY JIOMCHY.

Bo3Hukaer aHanorus Mexay BOAOH, 00pa3yrollel reKcaroHalIbHbIC TUIOCKOCTH, U COTPSDKEH-
HBIMH MoJIeKyJiaMu. JIJIS TOCICTHMX XapaKTEPHBIM SBIACTCS HAIWYUE DJICKTPOHOB B O- H T-
COCTOSIHUAX. ECIU IS G-3IEKTPOHOB COTPSDKEHHBIX MOJICKYJT MBI IMEEM MPOYHBIC XUMUYIECKUE CBIA3U
C YIJIEPOIHBIMHU aTOMaMH, TO AJICKTPOHBI B M-COCTOSHUSX SIBIISIOTCS KOJUIEKTUBU3UPOBAHHBIMU U MO-
ryT (hOpMUPOBATh KYIEPOBCKHE IMaphl 3a CYET B3aUMOJACHCTBHUS C G-OCTOBOM MOJIEKYJEI. B rekcaro-

MNe 2, 2011 25



Physics of consciousness and life, cosmology and astrophysics

HaJIBHBIX KOJBIIAX BOIBI MBI UMEEM «BHEUIHHE» JJIEKTPOHBI, OCHUILTUPYIONINE MEXKAY OCHOBHBIM U
BO30YKJCHHBIM COCTOSIHUEM M TaKKe B3aMMOJCHCTBYIOIIUE C 3JCKTPOHAMH, HAXOAIIMMHUCS B ILIOC-
KOCTH KOIbIIa. MOKHO TPEIIONI0KHUTh, YTO UMEHHO TaKUe JIEKTPOHBI MOTYT (POPMHPOBATH OOJIAKO
«KBa3UCBOOOJHBIX» DJIEKTPOHOB, B KOTOPOM KaXKIBIN AJIEKTPOH TEPSET CBOI0 MHAWBHUIYaJIHHOCT U HE
OTACTMM OT OCTAIBHBIX DJIEKTPOHOB. Tak Kak AJIEKTPOHBI SBISIFOTCS (pepMU-YacTHIIAMH, TO OHU HE
MOTYT HaXOAWUTHCSA Ha OJHOM M TOM K€ SHEPIeTUYECKOM YPOBHE B OJIHOM U TOM XK€ MECTE, IO3TOMY
BO3MOXKHO UX CIIapUBaHHE MPH OMpeesIeHHBIX MpoIleccaX B reKCaroHAIBHBIX CTPYKTYpax ¢ APYTUMHU
3NIEKTPOHAMHU APYTUX FEKCArOHAJIBHBIX MIIOCKOCTEH WM BHYTPU T'€KCAarOHAJIBHOTO KOJIBIA.

Jlns KoHTIIOMepaTa KOTEPEHTHBIX JIOMEHOB, (DOPMHPYIOIIUXCS B KIACTEPHBIC CHUCTEMBI, TIC
00J1acTH KOTEPEHTHOCTH 3HAYUTENHHO MPEBHIIIAI0T pa3Mephbl OTACIBHBIX KOTEPEHTHBIX JIOMEHOB
(aHAaNMOTHMYHO BHICTPAMBAHHIO JOMEHOB BIIOJb OTAEIHHBIX OMOJIOTHYECKH aKTHBHBIX MOJIEKYJ KHBOTO
OpraHn3Ma) MOKET OOHAPYKHBATHCS MPOSIBIICHHE KOPPESIIMOHHBIX B3aUMOJICHCTBUI 3THX «CcBOOOI-
HBIX» AJIEKTPOHOB TOJJOOHO T-€JIEKTPOHAM B COMPSKEHHBIX MOJIEKYJaX, B TO BPeMs KaK 3JICKTPOHBHI,
HaXOJSIIHECS B INIOCKOCTH KOJIbIIA, COTIOCTABIISIOTCS G-3JIEKTPOHAM.

OTMEeTUM TaKXke, 4TO, B COOTBETCTBUH C [21] s T-37IEKTPOHHBIX CUCTEM UHTEPBAJ, OTIEIIS-
IOLIMI TTEPBBIA BO30YKACHHBIN AJIEKTPOHHBIA YPOBEHb OT OCHOBHOTO, 3HAYUTENBHO MPEBOCXOJHUT BE-
JITYHAHY TIEPEXO0I0B MEX/Yy BTOPBIM H ITEPBBIM BO30YKJICHHBIMH YPOBHSIMHU. /{111 BOZBI B KOT€PEHTHBIX
JIOMEHaX UMEEM COOTBETCTBYIOIIME TaKUM dHEPreTUUEeCKUM HHTEepBaiaM BenuuuHbl 12,06 3B 1 MeHee
054 5B (7. k. ’Heprus nonusanuu 12,60 3B [3]), T. e. ykazaHHoe ycioBue cobmonaetcs. C mo3uiuu
TEOpUH, U3N0KeHHOH B [21], BenuunHa 12.065B 1 cOOTBETCTBYET: «BO3MOKHOMY 3HAUCHHUIO dHEPTE-
TUYECKOHN IIeNH, CBA3aHHON C HaJIMYHEM MapHOTO MPUTSHKEHHUA C KOppEIsueil CBEpXITPOBOISAIIETO
THUIIA B CUCTEME TT-3JIEKTPOHOBY.

OpHMM K3 yKa3aHMM Ha BO3MOXXHOCTb CYILIECTBOBAaHHUS CBEPXIPOBOISAIIEH COCTaBIAIOLIEH B
reKCaroHabHBIX 00pa30BaHUAX KOTCPCHU3UPOBAHHON MPUPOIHONW BOIBI L- W R- MOJSpHU3anuil Ciy-
XKHUT TOT (akT, 9TO MPU KOT€PEHHU3ALMH NMPOUCXOAUT YBEIMUYCHHE NMPOBOAUMOCTH BOJHON CHCTEMEI,
MIPUYEM 3TO YBEIMYECHUE UMEET MECTO M Ha CTAIUU XPaHEHHUS KOIEPEHU3UPOBAHHON BOABI. BTOpHIM
yKa3aHHEM MOXKET ObITh OOHapyXeHHe OJOKMPOBKHM MarHUTHOTO mosst. Kak moka3anu JOmOTHUTEIb-
HBIE KCIIEpUMEHTAIIFHBIC MCCIIETOBAHMS, SIBJICHIE OJOKUPOBKA MAarHUTHOTO TIOJSI CHCTEMOM Korepe-
HU3UPOBAHHOUN MPUPOIHON L- uin R-BOJOM MMEET MECTO, MPUYEM SKCIEPUMEHTHI MPOBOIUIUCH MPU
JIOCTATOYHO BBICOKMX 3HAYCHUSX MArHUTHBIX IOJIEH, OMHAKO IS OKOHYATEIHHOTO IOATBEPIKICHUS
BBIBUHYTOW 371eCh HaMU THIIOTE3Bl TPEOYIOTCS AOMOIHHUTEIbHBIE dKCIIEpUMEHTaIbHBIE HCCIIeI0Ba-
HUSL

Eme B 1992 r. . [Tonsik BeICKa3bIBaJ MPEANOI0KEHUE O BO3MOXKHOCTH BOSHUKHOBEHUS HJIE-
ANBHOM MTPOBOJAMMOCTH BOJIBI I HA 3TOW OCHOBE 00OCHOBaJ BO3MOXKHOCTH OOHAPYKEHHUSI BRICOKOTEM-
MepPaTypHOI CBEPXITPOBOAMMOCTH B OMOJIOIHYECKUX CTPYKTYpax.

B [22] oOcykaaroTcs HEKOTOPhIE BapUAHTHI MOJNYYSHUS TeHEPAI[UH CBEPXITPOBOJSIIETO CO-
CTOSIHUSL BOJBI 32 c4eT o0pa3oBaHHA LEMOYHBIX KiacTepoB. IlepecTpolika CTpyKTypHI Takux KiacTte-
POB MOXKET 00€CIIeYNBaTh MIEKTPOHHYIO CBEPXIIPOBOIUMOCTE BOJIHI.

OKCIEPUMEHTAIFHBIM MOATBEPKICHUEM HAIIETO MPEATON0KEHUS O CYIIECTBOBAHUU KOppe-
JISIUOHHBIX B3aMMOCHCTBUN CBEPXIIPOBOMSIIETO THUTIA MEXKIYy OTIEIBHBIMH 3JIEKTPOHAMH TeKCaro-
HaJBHBIX CTPYKTYP B KOT€PCHH3UPOBAHHOMN IO BEHITIC OMHUCAHHOW METOJMKE TPUPOTHON BOJIEC MOXKET
OBITh HETABHO OOHAPYKECHHOE SIBICHHEC WHIYIHPOBAHUS CBEPXIPOBOIUMOCTH BOJOW B IUICHKAX
SrFe, As, v nonukpucramnax FeTeyS,, [23,25].

MHayumpoBaHue BofoM CBEPXNPOBOAMMOCTY B Nonukpucrannax FeleysS,,

[IponmmocTpupyeM, Kak C TO3WIWW BBEIBHHYTOTO 3/I€Ch MPEINOJIOKEHUS O BO3MOKHOCTH
TIPOSIBIICHHS KOPPEISIITMOHHBIX 3()(PEKTOB IS IEKTPOHOB, HE MPUHAIICIKAIINX MIIOCKOCTH TeKCaro-
HaJIBHBIX KOJIEI[ KOTEPEHU3UPOBAHHON BOJIBI, MOKHO MHTEPIIPETHPOBATHL OOHAPYKEHHOE SIBICHUE WH-
IyLUUPOBaHUs CBEPXIPOBOANMOCTH BOJIOM, HAIIpUMED, B OMUKpUCTAIIax Fel eogSO’2 [24, 25].

Kpucrannmmueckas pemerka coeauHeHus: FelTe COCTOUT M3 OTACIEHHBIX MEXITy cO00M TuIoc-
KOCTeH MOJ00HO POJCTBEHHOMY COCIUHECHUIO FeSe, IS KOTOPOro OOHAPYKEHO MEPEeXoja B CBEPX-
npoBosmee cocrosaue nmpu 8 K (puc.6). Insa FeSe kpuTudeckas Temreparypa Mepexoaa yBeIndr-
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Basiach J0 27 K npu mpuiioKeHUH JaBJIeHHUS] OKOJIO
15 atmocdep.
A"- - p Y4uThIBas, YTO MarHeTU3M MOXET YHUYTO-
XKaTh CBEPXITPOBOJAIIEE COCTOSHUE BEIECTBA, C IIe-
JBI0 Pa3pyLICHUS MATHUTHOTO YIIOPSIOYCHUS B TEII-
JypUJIe Kelie3a ero JOMHUPOBAIU CepOil U ObLIH T0-
mydeHsl nonukpuctamisl FeTepsSo, . B HUX atomsl
¥ BN TeJUTypa 3aMelanuch aToMaMu cepbl. CBEPXIPOBO-
Q\M )) JTUMOCTh B CBEKEIIPUTOTOBJIEHHBIX 00pa3lax He Obl-
na oOHapyxeHa. ConmpoTuBIeHHE B TakuX o0Opasiax
pe3Ko yMmeHblaetcs npu temmneparype 8 K, Ho moui-

FeSe HOCTBIO HC HCUYC3ACT. OIIHaKO, IIPOJICI)KAB HEKOTOPOC
BpEMs Ha BO34YyXC, 9THU 06pa3u1,1 Ha4dalin MpOoABIIATH

Puc. 6 Kpucraiimyeckasi CTpyKTypa poji- MpHOIIKEHNE K COCTOSHHIO CBEPXITPOBOJNMOCTH.

CTBEHHOr0 coequmennmio FeTe coeqmme-| HanO0Iee BHICOKas TeMIEpaTypa NEPexoja B CBEPX-
s FeSe MPOBOJSIIEE COCTOSIHME OOHapyXHBajach A 00-

pa3loB, BBIAEPKAHHBIX Ha Bo3Ayxe B TeueHue 110
THEWH.

IIpoBeneHHBIN PEHTTEHOCTPYKTYPHBIN aHAJIW3 MOJUKPUCTAILIOB IIOKAa3ajl, YTO C TEYCHUEM
BpeMeHH auddy3us BOAbl B NOJIMKPUCTAIII HPUBOIUT K CXKAaTHIO MaTepuala, I03TOMY, 10 MHEHHUIO
aBTOPOB, IPUUMHY OOHAPY>KEHHOI'O MMU SIBJICHUS CIIEAyeT UCKATh Yepe3 MCCIENOBAaHUE CTPYKTYPHBIX
n3MeHeHn Marepuana. [IpuOIM3UTHCS K TOHUMAaHHUIO TPUYUH BO3HUKHOBEHHS CBEPXIPOBOIAMMOCTH
M0JT AEUCTBUEM BOJIbI aBTOPBI HE CMOTJIH.

Kaxk yka3wsiBaeTcs B [3], B TECHO yIaKOBaHHBIM aHCAMOJIb aTOMOB HIIM MOJIEKYJI MOTYT IIpoca-
YUBATHCSI BUPTyalbHBIE (OTOHBI. /|11 BOAHBIX MOJEKYJ, 3aHUMAIOMUX NMpH Iu(y3uu, BeposTHEe
BCETO, MPOMEXYTKM MEXAYy OCHOBHBIMH (PeppOCOmEpKAIIMMHU CIOSIMH, B3aUMOACHCTBHE C TaKHUMHU
POCOYUBIIMMUCS BUPTYaJbHBIMH (POTOHAMH MPUBEAET K CTPYKTYPHPOBAHUIO UX B €AMHUYHBIC T'EK-
CaroHaJbHBIE CJIOHM, AHAJIOTUYHO IIpoleccaM B OObIYHON Boze. sl KaXIOro Takoro CiIosi UMEIOTCS
3JIEKTPOHHI (110 J1Ba Ha Ka)XIyI0 MOJIEKYJy BOJbI), HE MPHUHAJUIeKAIUE TUIOCKOCTH IeKCaroHaJlIbHBIX
kostell. Kaxkaplil 13 HUX UMEET CIIMH U MO3TOMY MOXET B3aUMOJIEHCTBOBATH C MOJIIMA OCHOBHBIX JKe-
JIE30COAEPKAIUX CIOEB.

BuptyansHblii (OTOH NMPOM3BOANT CHHXPOHHU3AIMIO BCEX KOMIIOHEHTOB BOJHOW CHCTEMBI,
HaXOJSIINXCS B MPOCTPAHCTBEHHOM 00J1aCTH B3aUMOJCHCTBHSI, ONPEACIIeMON JUIMHON BOJHBI BUPTY-
anpHOrO (poToHA. O6sIACTh, B KOTOPOW MPOU30IIIIA KOTepeHU3aHs (110 aHAIOTUH C BBIIICONHCAHHBIM
JUTE OOBIYHOM BOJIBI) MPHOOPETAET TaKyl0 KBAaHTOBYIO XapaKTEPUCTHKY, Kak (paza, equHyIo I BCei
00J1aCTH KOT€PEHTHOCTH.

OTMmeTuM, 4TO B 3Ty 00JAcCTh JJsl BUPTyalbHOTO (DOTOHA, ¢ dHepruei okono 12 3B (mimna
BOJIHBI KOTOPOTO, COOTBETCTBEHHO, cocTaBisieT okono 1000 A) monmanaeT moctatouHo G0MIBIIOE KOJH-
YECTBO CJIOEB BOJIBI, PACTIOIATAIOIINXCS MEKAY OCHOBHBIMHU JKEJI€30COACPIKAIIUMH CIOSIMA. JTH OC-
HOBHBIC CJIOM HE BOBJICKAIOTCSl BO B3aMMOJICHCTBUE C BUPTYIBHBIM (DOTOHOM, T. K. OTJIHYAIOTCS OT
BOJIHBIX MOJIEKYJI, PE30HUPYIOLINX C 3TUM BUPTYaJIbHbIM (POTOHOM, IO LEIOMY KOMIUIEKCY (hu3nye-
CKHX mapameTpoB. OHHM TakXe HE dKpaHUPYIOT TaKOe B3aWMOJEHCTBHE C BUPTYalbHBIM ()OTOHOM B
CHJTy TPOHMCXOXKIEHUsI caMoro ¢oroHa. TakuM 00pa3oM, OCYLIECTBIACTCS KOHIEHCALUS COCTOSHUS
npoaudGyHANPOBABIINX BOTHBIX MOJIEKYJ B [eKCaroHaJbHBIC IUIOCKOCTH. Pe3ynbpraToM Takoro mpo-
1ecca, B cooTBeTcTBHH ¢ Teopueit JIk. Ilpemapara momkHO OBITH CKaTHe MaTepuaia, 9To ¥ ObII0 00-
HapyxeHo. Ho, yunTbsIBas, 4yTo TONBKO Boja (M 3TaHOJ COAEp Kalllue BOAHBIE pacTBOpPHI [24]) mpuBo-
JAT K MepeXony 3TOr0 MaTepuana K CBEpPXIPOBOAHUKY, IPUYMHY TaKOTO Iepexoia CleAyeT UCKaTh
UCXOJIS U3 CBOMCTB 3THX AM((YHIUPYIONIMX BEILECTB, & HE CXATUSA MaTepuana. 3aMeTuM, YTo ITa-
HOJI — aCCOIIMAaTUBHOE COeIMHEHHE, T. €. MMEIOIee BOIOPOIHBIE CBA3H, U €T0 PE30HAHCHBIE CIIEKTPHI,
Kak crneayet u3 [12], puc.5, okazannuce oueHb OJM3KH K CIIEKTPaM BOJBI. DTO O3HAYaeT, YTO MPOUCXO-
JSIIUE PE30HAHCHBIE MPOLIECCH B TAKUX PAacTBOpax OJIM3KM 110 IapaMeTpaM K Te€M, 4TO M B OObIYHOMN
BOJIE.

PaccMOTpUM IpHUYUHBL, KOTOPbIE MOTYT BBI3bIBaTh IIEPEXOABI KOI€PEHU3UPOBAHHON BUPTY-
JIBHBIM (DOTOHOM BOZHOM CHCTEMBI B CBEPXIPOBOJSIIEE COCTOSIHUE M 33/1aBaTh 3TO COCTOSIHHE BCEH
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CUCTeMe OJMUKPHUCTAIIA.

Jns mepexosa B CBEpXIPOBOSILIEE COCTOSTHIE HEOOXOANMO CIIapUBaHHE 3JIEKTPOHOB MOA00-
HO 00pa30BaHUIO KYMEPOBCKUX Iap, T. K. B 5TOM COCTOSHUH IPOHUCXOAT MPOIIECCH C ydacTheM 0030-
HOB. llpn Temmeparypax, BbIlle KPUTHYECKOW COBEPIIAIOTCS OCIMUTHPYIONINE KOIeOaHUsT MEXIYy OC-
HOBHBIM COCTOSIHMEM M BO30Y)K/I€HHBIM, 1 BO3MOKHBI CTIOHTaHHbIE KOHBEPCHOHHBIE TIEpEXO bl MOJIe-
KYJI BOAHBIX CTPYKTYp: Mapa- B OpPTO-COCTOSTHHE, BCIEACTBUE (IIYKTYAMOHHBIX U TETIOBBIX B3aUMO-
JNEHCTBUI MEX[y TeKCAarOHaJbHBIMU H KEIE30COePKAMUME CIOSIMHU, KOTOPHIE I N30JIUPOBAHHBIX
MOJICKYJI 3ampelieHbl 3aKOHAMU KBaHTOBOW MexaHUKH. JKene30, Kak u3BecTHO [18], siBisieTcst 2eMeH-
TOM, KOTOPBIN KaTalu3UpyeT KOHBEPCHOHHBIE EPEXOIBI.

[Ipu mocTaTOYHO HUBKKX TeMIIepaTypax ¥ HaJMYUW ONU3KUX YHEPTeTUIECKUX YPOBHEH reKca-
TOHAIBHBIX CTPYKTYP MOJIEKYJ BOABI M MOJICKYJISIPHBIX CTPYKTYP (peppocoiepKalliuX CIIOEB IMOIHKPH-
CTaJ1a, OIpeJIeNIeHHbIE TIPOIECChl, MPOUCXOAAIINE B KaX/JI0M U3 CIOEB, MOTYT CHHXpPOHH30BaThCs. K
TaKAM IPOIECCaM MOTYT OTHOCHTHCS W IMPOLECCHl U3MEHEHUS! CIMHOBBIX COCTOSHHM IPOTOHOB MPHU
Y9acTHU CITUHOBBIX BOJH, M3HAYAIFHO CYIIECTBYIOIINX B OCHOBHOM Matepuaie [26]. [Ipu cHmkeHnn
TeMIiepaTypsl o 3HaueHust 1< 34K B cooTBercTBUU ¢ [21, 19] BOogHBIE MOJEKYIBI B TEKCATOHATBHBIX
CTPYKTypax MOTYT CyIIECTBOBATh TOJIKO B Mapa-COCTOSIHUU MU CIIOHTaHHbIE KOHBEPCHUOHHBIE TIEpexo-
JII CTAHOBSITCSI MaJIOBEPOSTHBIMHU; BOSHHUKAET JOMOJHUTEIbHASI CHHXPOHU3AIUS C PEIIETOYHBIMH KO-
neb6aHnsAMH CIIOEB OCHOBHOTO MaTepHara.

MoryT npoHCXOANUTh TONBKO CHHXPOHH3UPOBAHHBIE CO CIMHOBBIMU BOJIHAMH (KOTOPHBIE C IO-
HWKCHUEM TEeMIIepPaTyphbl MEePEeXOIAT B PEKUM KOTEPEHTHOCTH B CHJIY TOTO, YTO CaM MaTepuai Io
CBOEMY COCTOSIHHIO TIPHUOIIKAETCSI K CBEPXIIPOBOAMMOCTH) KOHBEPCHOHHBIE TIEPEX0bl, KOOPIUHUPY-
eMble o01Iei aJsi KorepeHTHOH obnacTu ¢a3oil. [lepexon B coCTOSIHUE KOTEPEHTHOCTH CTHMYIIUPYET-
Cs M COBOKYIHOM KOT€pEHTHOCTBHIO BOJHBIX IIOCKOCTEH, B3aMMOEHCTBYIOIIMX C JKEJIe30COAepKa-
IIMH CIIOSIMH TIOJIMKPHUCTaIUIa. B pe3ynbraTe MpOUCXOANUT OAHOBPEMEHHO C KOHBEPCHOHHBIMH TIepe-
XO0JJaMH TIPOTOHOB B T'€KCarOHAJIbHBIX CTPYKTYpax M Mepexo]l «BHEIIHNUX» 3JIEKTPOHOB OT OJHOU CITH-
HOBOH OpMEHTAIlMM K MPOTWUBOIOJIOKHOH, T. €. BO3HUKAIOT YCJOBHUS Ul 00pa3oBaHMs CIIAPUBAHUS
AJIEKTPOHOB U 00pa30BaHUS KYIIEPOBCKHUX Map. XapaKTepHO, YTO CBEPXIPOBOIUMOCTD JUII OCHOBHOTO
MaTeprana BO3HUKAET TOJIBKO MPH TeMIepaType, HWKe TOW, MPU KOTOPOH B BOJIE MMPOUCXOIUT U3Me-
HEHHUE CTaTHUCTUYECKOTO COOTHOIIEHUS MEXIy MOJIEKYJIaMH Iapa- U OpTO- CTPYKTYp, a HE MPH ycIIo-
BHUAX (DOPMHUPOBaHUS BUPTYaJIbHBIMHU ()OTOHAMH O0JIACTEH KOTEPEHTHOCTH BOIHBIX CTPYKTYp, COOT-
BETCTBYIOIINX CKATHIO PEIICTKH.

CxemMaTH4ecKH MPOLECCHl B CBEPXIPOBOJHUKE MIPH MEPEX0e B COCTOSHUE CBEPXIIPOBOINMO-
CTH, HHAYLIUPOBAHHON BOJOH, MOKHO IPEACTaBHUTH CIEIYIOIUM 00pa3oM (puc.7).

HpOXO)K,Z[eHI/Ie CIIMHOBBIX BOJIH IIPUBO-
OUT K KOHBEPCHUU MTPOTOHOB, BCICACTBUE KOTO-

- . —]_ S —l_ POH POUCXOMT MepedpachiBaHUE SIEKTPOHOB

L C OJIHOM CTOPOHBI OT IUIOCKOCTH I'€KCaroHalb-
=" ==t HBIX CTPYKTYpP Ha IPYTYI0. DTH 3IEKTPOHBI MO-

ryT OBITH KaHIWJATaMHU IJISl COCIUHEHUS B

u _]_ _H_ SNIEKTPOHHBIE Mapbl. Ha puc. 7 cxemaTuvecku
MOKa3aH OJIMH W3 BO3MOKHBIX BapHAHTOB CIIa-
Puc. 7. 1), 2) — pacnoJioskeHHe «BHEINHHMX»| pPHUBAHUS], B Pe3yJbTare KOTOPOr0 MOTYT IpO-
3JIEKTPOHOB 10 00€ CTOPOHBI MeKCATOHAJIBHBLIX | HCXOAUTH OOpa30BaHUs Map MEKIY «BHCIIHU-
IUIOCKOCTEH BOAbLI MPH NMPOXO0KICHUH CIIHHOBOM | MI»» JJIEKTPOHAMHU IeKCarOHAIBHBIX CTPYKTYP.
BOJIHBbI. ['OpM30HTAJILHON CTpeJIKOil NOKa3aHO Kak ykazaHo BeIIE, POMEXKYTOUYHBIE

HAIpaBJIeHHE IPOXO0KACHHUS CIIMHOBOH BOJIHBI. CJIOM BOJbI, HAXOAAIUECA B KOTCPCHTHOM CO-

2

CTOSIHUHM, SIBISAIOTCS HOCTAaBLIMKAMU 3JIEKTPO-
HOB, KOTOpPBIE MOTYT IIPUTSTUBATHCA JKEIC30COACPIKAIIMMH CIOSMH U SIBISATHCS HOCUTEISIMH TOKA.
[ToaToMy BO3MOXKEH U APYTOil MEXaHU3M CIIapUBaHUS, IIPH KOTOPOM 3TOT IMPOLIECC BO3HUKAET BCIEI-
CTBHE KOPPETALHMOHHBIX B3aUMOJIEHCTBUI «BHEIIHUX) JIEKTPOHOB H JIEKTPOHOB, IPUTAHYTHIX XKelle-
30COACPIKAIIUMY CIOSMH.

Takum 0Opa3oM, BBIIBUHYTOE HAM{ BBIIIE MPENOJIOKEHHE O BO3MOXKHOCTH CIIapHBAHUS
3JIEKTPOHOB, PACHOJararoLINXcsl BHE IeKCarOHAIBbHBIX KOJIEL BOJHBIX MOJEKYJ B KyNEpPOBCKHE Mapbl
MOJO00HO T-3JIEKTPOHAM B MOJIEKYJIaX C CONPSDKEHHBIMH CBSI3SIMH, HOTYy4aeT JONOJTHUTEIBHOE JKCIIe-
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pUMEHTaJIbHOE TIOATBEPKACHHUE.

Ecnu Bona, Kak 3JIEMEHT CBEPXIPOBOJHUKA MOXKET HaXOAUThCA B CBEPXIIPOBOASIIEM COCTOS-
HUU, ¥ CTUMYJIHPOBATH IEPEXO/I B 3TO COCTOSTHUE HEKOTOPHIX MAaTEPHAaJIOB, KOTOpPEIe O6€3 BOJBI HE SIB-
JISTIOTCS CBEPXTIPOBOAHUKAMHU [23—25], TO BOZHHKAET BOIMPOC, HE MOKET JIM OHA BOCIIPOW3BOIANTH Ta-
KO€ K€ COCTOSIHHE B IPYTHX CUCTEMax, HallpuMep, B CUCTEMeE )KMBOT'O OpraHnu3Ma’?

J7ist 5KMBOTO OpraHu3Ma MPHUCYIIUM SABJSIETCS HaJauyue oOmield KOrepeHTHOCTH C XapaKTepH-
ctuuecknMu yactotamu B KBU- muamasoHe, cOBaialonIMe C YaCTOTAMU PE30HAHCHBIX BOJHBIX KO-
nebanwnii [12]. KpoMe Toro, Boja B cocTaBe KMBOTO OpPraHU3Ma HAXOJTUTCS B OCOOBIX YCIIOBUSX, B CU-
Jy KOTOPBIX, KaK ClIeAyeT U3 BBIIEU3I0KEHHOTO B [2, 3], OHa 3KpaHUpPOBaHa OT AECTPYKTHPYIOLIETO
BrusiHus KT -(hakTopa W KOTEPEeHTHOCTh JUIA Hee peajn3yercs yKe IPH KOMHATHOW TeMIiepaTrype B
00J1acTAX, CYIIECTBEHHO MPEBAIMAIMNUX 00acTh ennHnIHBIX K/ B 00b19HON BoAe. Hammdme B Mo-
JIEKYJIAPHBIX CTPYKTYpax KHUCIOPOAa, SBJSAIOIIErocs, Kak M JKele30, KaTalu3aTopoM KoHBepcuu [18],
MOJKET MPUBOJUTHh K KOHBEPCHOHHBIM IPOIECCaM, CHHXPOHU3UPYEMBIM, HAIIPUMED, C XapaKTepPUCTHU-
YECKUMH YacTOTaMH OpraHu3Ma. Pe3ynpraToM MOXeT OBITh Takoe K€ TOBEJCHHE BOJIBI, KaK W B
cTpykrype nonukpucramia FeTeggSo,, HO yke Ipu KOMHATHO# Temieparype, T. €. BO3MOXKHBI 3 dek-
ThI CITAPHUBAHUS 3JIEKTPOHOB.

Bo3MoxkHO, 4TO AJIs Iepexo/ia B COCTOSIHAE CBEPXIPOBOJUMOCTH JIOJKHBI OBITH COOJFOICHBI
¥ HEKOTOPBIE JIOTIOTHHUTEIBHBIE YCIIOBHUS IS KIETOYHBIX MOJEKYISPHBIX CTPYKTYP, BOKPYT KOTOPBIX
CTPYKTYpPUPYIOTCSI BOJHBIE CUCTEMBI, HAIIPUMEP, TAKOE YCIOBUE KaK TUAPOPUIEHOCTD.

[To Bceii BeposATHOCTH, TaKHE YCIOBHS MOTYT B Psijie CIIy4aeB, pealn30BaThCs.

HccenenoBanuio MONEKYIJIIPHBIX CTPYKTYP JKHBOTO OpTaHW3Ma IOCBAIIeHa padora [27]. B Heit
aBTOPBI OTMEYAIOT CIIEAyIolIee: «Bce HanboJee BaXKHbIe OMOXMMHUYECKHE BEIECTBA, CBSI3aHHBIE C OC-
HOBHBIMU (DYHKIMSIMH KMBOH MaTEepHH... IPEACTABISIOT CO00I MOTHOCTBIO MM, IO KpaliHeH Mepe,
YACMUYHO COTIPSDKEHHBIE CHUCTEMEI. ... JIMHAMUYHOCTH JKU3HU COTJIACYETCS C TWHAMHYHOCTBIO DJIEK-
TPOHHOTO 00Jlaka B COMPSDKEHHBIX MoJieKynax. ClieoBaTeNbHO, TaKUe CUCTEMbBI MOXHO paccMaTpH-
BaTh U KaK UCXOAHYIO CTPYKTYpY, U KaK IJIaBHYIO OCHOBY JKM3HW». Kak HEOTheMIIEMBIH 3JIEMEHT JKU-
BOTO, BOJIa B )KHBOM OpraHU3Me JIOJDKHa OOHAapy»XHBaTh BCE €ro KadecTBa. B 3To# cBs3u ciemyer
OXUIATh, YTO BOJIHBIE CTPYKTYPHI, KaK M MOJEKYJISIpHbIE 00pa30BaHMUsI, JOJHKHBI TIPOSIBIATH CE0S XOTS
OBI KaK YaCTUYHO COTIPSKECHHBIE CHCTEMBI.

B oTHomenuu npuponHO BOABI, IpOLIeAlIeH KOrepeHu3auto L- 1 R-CIMHOBBIX MOJSpU3a-
Ui, KaK ¥ BOZBI, BCTPOCHHOW B MOJIEKYJISIPHBIE CHUCTEMBI JKMBBIX OPTaHW3MOB, MBI, BO3MOXHO, H
MMeeM UMEHHO TaKyl0 CHCTEMY C COMpPSKEHHBIMU MIIM YaCTHYHO COMPSKEHHBIMH CBSI3SMHU.

UntepecHoe sBnenue, kak cienyeT u3 [3], oOHapykuBaeTcs U Aas Bousl, AuddyHauposas-
el B cKalbHbIe TOpobl. OKa3bIBACTCS, YTO XaPAKTEPUCTUKH TaKOW BOJBI TaKKe MOJOOHBI TeM, Ka-
KHE€ UMEeT BOJia B )KHBOM OpTaHM3ME; T. €. U 3/1eCh Mbl UIMEEM aHAJIOTHIO ¢ BOOH, nupdyHIrpOBaB-
el B CTPYKTYpy monukpucramia FeleysS, , .

OuHaMuyeckre XxapaKTepUCTUKN KOrepeHU3MpoBaHHOW NPUMPOOHON Boabl

JrHaMmuka nporeccoB NpUpOJHON BOJbI ONPEEAETCS KaK €€ BHYTPEHHEW CTPYKTYpOH, Tak U
XapaKTEPOM B3aMMOCBSI3ed MEXIy OTACIbHBIMU ee diaeMeHTamMu. MccneaoBanusi, MPOBEICHHEIE B Te-
YeHHe JIUTEIILHOTO BPEMEHH aBTOpaMH JTaHHOW CTaThH, W PAIOM APYTUX HCCIenoBarener (eme
B. [llaybeprepom u ap.) MOKa3aiH, YTO MO TWHAMHKE B3aUMOJIEHCTBHS C PA3THYHBIMH CPEelaMH U JKH-
BBIMHM CHUCTEMaMH MPUPOHAS BOJla OOHAPYKUBACT CBOKMCTBA, 0 KOTOPHIM OHA OTJIMYACTCS OT OOBIY-
HOTO BOJHOTO JUCTHILIATA.

Hambonee cymiecTBeHHBIMH KadeCTBAMH HPUPOIHON BOJBI, KaK ITOKAa3aHO BBIMIE, SBISIOTCS
JIUCCUMMETPHS €€ BHYTPEHHHX AJIEMEHTOB M KBAHTOBAas HECEMapaOdeIbHOCTh, MTPOSBIISIONIASICS MEXKIY
OTJICNBHBIMH €€ KOMIOHEHTaMHu. [Ipu 3TOM OHa MOKET OBITh MPEJICTaBJICHA KaK JIByXKOMIIOHCHTHAs
BOJIHAsl CHUCTEMa M HMMeEETCs DKCIIepUMEHTaIbHass BO3MOXXHOCThH pPa3JIeIeHHsl ee Ha JIBa OTACIbHBIX
KOMITOHeHTa ((dpaknun). B oTmeaeHHOM APYyT OT Ipyra COCTOSHUHM OHHM OKa3bIBAIOTCS CenapadebHBI-
MU BOIHBIMHU CUCTEMaMHU U HE KOPPEIUPYIOT B UBMEHEHUH CBOMX CBOMCTB BO BPEMEHU U IOJI BIUSHU-
€M BHEIITHETO BO3JICHCTBHS.

CrnencTBreM TakuX KadecTB IMPUPOTHOHN BOJIBI ABISIOTCS: KUIKOKPUCTAJUINYECKAs CTPYKTYpa,
BO3MOXXHOCTP 3allacaTh U3 BHEUTHEH Cpeabl MPUPOIHYIO SHEPreTUKY, (PpaKkTaabHOCTh M ONTHYECKAs
AHU30TPOIHUS €€ KOMIIOHEHTOB (0OHApYXHBaeMas U3 Pa3IUYHBIX IO METO/IaM DKCIICPUMEHTOB), HAITU-
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Ype yCTOMYUBOM MOJIEBOU CTPYKTYPHI U PsiI IPYTUX XapaKTePUCTHUK.

Korepenwusaiiysi mpupofHOW BOJBI M pa3JIeICHUE €€ Ha OTACIbHbIC HecenapaOelbHbIe COCTaB-
JSIOINE SBISIETCS OJHUM W3 METOJIOB, KOTOPBI IMO3BOJISIET BBIICIUTh U SKCIEPUMEHTAILHO 3a(HK-
CHUpPOBaTh 3T OCOOEHHOCTH MPHUPOJHOHN BOIBI, KPOME TOTO, OOHAPYKUBAIOTCS HEKOTOPHIC OTIHYH-
TEJBHBIC XapaKTEPUCTHKH, KOTOPHIE OTCYTCTBYIOT B OOBIYHOM BOAOIPOBOIHOHN Boae. OHH 00yCIIOB-
JICHBI JIJISL €€ Pa3/ICJICHHBIX (PPaKIHii 0COOBIM CBOMCTBOM — OOIIEH KOrepeHTHOCThIO, KOTOPOE Xapak-
TEPHO JUIS )KUBBIX CHCTEM, M TIO3TOMY KOT€pEHH3UpOBAaHHAsI PUPOIHAS BOJIA OKa3bIBaeTCs Hambolee
MPHOIMKEHHON 1T0 CBOMM CBOMCTBAaM K BOJIE KHUBBIX OpraHM3MOB. HekoTopble U3 3TUX CBOMCTB OBLITH
OAPOOHO OMKCAHBI BHIIIIE.

OcTaHOBUMCS Ha TeX TUHAMUYECKHUX SIBICHUSAX B KOI€PEHU3UPOBAHHON MPUPOAHON BOJE, KO-
TOPBIE OCYIIECTBIISIOTCS B HEH B YCIOBUSAX CBOOOTHOTO B3aMMOJICHCTBUS C BHEITHEH CpeIoit 1 MOTYT
YKa3bIBaTh HA €€ TEHACHIINIO K CAMOCUHXPOHHU3AIINU B YCIOBUSAX 3TOTO B3aUMOICUCTBHSI.

Kaxk cnenyer U3 npoBeeHHBIX U3MEPEHUH, 1BE XapaKTEPUCTUKU KOTEPEHU3UPOBAHHON BOJIBI
L-u R-cIMHOBBIX MOJISIPU3aLMM, & UMEHHO: TTPOBOJUMOCTh U PH - aKTMBHOCTBH MPOJIOJDKAIOT H3MeE-
HSTBCA Kak g Boabl L+R, Tak U i BOAHBIX L-u R- cucteM. Ho ecnu n1st Bojibl L+R 3TH napaMeTpbl
B TeucHue 10 qHEH CTaOWIM3UPYIOTCS, U 3Ta BOJA CTAHOBUTCS MICHTUYHOMN NEpBOHAYAIBHOMN, TO JJIS
KOTepEHU3UPOBAHHBIX BOJHBIX (YPAKIMI HAOIFOMAETCS POCT 3TUX MapaMeTPOB B TEUCHHE BCETO Mecs-
I1a TTOCJICYIOIIMX HaOMIoAeHHH (puc. 3).

Boganas L+R cucrema, T.e. BOAa, OJIYYCHHAS TPU CIUSHUU 00eux (Ppakiuid, SBISETCS KOre-
PEHTHOH, TMOCKOJBKY COCTOMT W3 ABYX KOT€PEHHU3WPOBAaHHBIX (ppakiuii, MO3ITOMY IS HEe TaKxKe
JOJDKHA TIPOSABIISATHCS KOT€PEHTHOCTh CPEAH KOTEPEHTHBIX JOMEHOB, YTO (KaK YK€ yKa3bIBaJIOCh MPH-
CyIIIE KUBBIM 00BEKTaM).

OrnucanHas BbIIIe JUHAMHUKA CBOMCTB L+R CHUCTEMBI yKa3bIBaeT Ha TO, YTO MPOUCXOAUT CHA-
yana JOCUHXPOHU3ALMS BHYTPEHHHUX DJIEMEHTOB CHCTEMBI, IEPEXO] UX B 3allyTAHHOE COCTOSIHUE, a
3aTeM BO3BPAIICHHE CHCTEMBI K COCTOSIHHIO MEPBOHAYATHLHOW HECemapaOebHOCTH, XapaKTepU3yIo-
Iieiicss BHYTPEHHEW YCTOWYMBOCTHIO CBOMX IapaMeTPOB MMEHHO BCIICICTBHE HecenapadellbHOCTH.
HecenapabensHOCTh, Kak M3BECTHO, 03HAYAET, YTO MPOIIECCHl B €€ CTPYKTypax MPOUCXOIAT CHHXPOH-
HO (OTCYTCTBYIOT MHTEPBAJIBI BPEMEHH MEKIy HUMH) U JIFOObIe H3MEHEHHUS B KaKOH-TN00 M3 HUX OJI-
HOBPEMEHHO MPHUBOJUT K COOTBETCTBYIOIIEMY MU3MEHEHUIO APYTHUX €€ JIEMEHTOB U B pe3yJbTaTe CU-
CTeMa B IEJIOM MPOSIBIISIET CBOWCTBA CTA0OMIEHOCTH.

To, 4To IO CBOMM CBOMCTBaM MoJiydyeHHas HaMHu L+R BOJHasA cucTeMa, MPAKTUYECKU, HUYEM
HE OTJIMYAETCSI OT UCXOIHOM IPUPOTHON BOIBI, UMEET MPUHIUIIAATBLHES 3HAYEHUE. JTO O3HAYAET, UTO
MPUPOJIHAS BOJIA €CTh KBAaHTOBAas CHCTEMa, 00JaJaromias TAKMMH KBAaHTOBBIMH XapaKTEPHCTUKAMHU,
KaK: KOTePeHTHOCTh CPeIy KOTEPEHTHBIX JIOMEHOB, HecenapaOelbHOCTh U PSIOM JIPYTHX, XapakTep-
HBIX TOJIBKO JIJISl BOABI )KUBBIX OpraHu3MoB. KpoMe TOro, 1o 3TUM XapakTEPUCTHKAM UMEHHO IPUPOJI-
Has Bojla HauboJiee COOTBETCTBYET BHYTPUKIICTOYHOM BOJIC JKUBOTO OPTaHU3Ma U JII000e BMEIIATEIb-
CTBO B €€ CHUCTEMY, MPHUBOJAIIECE K MU3MEHEHHUIO 3TUX €€ XapaKTePUCTHK, CYLUIECTBEHHO CHU)KAET €€
Ka4eCTBO KaK MATHEBOW BOABI I MOXKET OBITH HE BOCCTAHOBHMO.

HaubGonee ryburensHbiM, mO-BUguMOMYy [12], sBiseTcs BO3ICHCTBHE HU3KO WHTCHCHBHOTO
ANIEKTPOMATHUTHOTO HM3ITyYeHUs] CBEPXBBICOKOYACTOTHOTO JUANa30Ha, OJM3KOTO K PE30HAHCHBIM (Xa-
PaKTEpPUCTHIECKUM) YacTOTaM BOJIBI M )KMBOTO OpraHm3Ma. Takue BO3/IeHCTBUS, TPAKTHUECKH, HE pe-
TUCTPUPYIOTCSI COBPEMEHHON IHAarHOCTMYECKOW ammapaTypod, HO (DaKTOp Takoro BO3AEUCTBUS NPHU
COBPEMEHHOM YCKOPEHHH TEXHHUYECKOTO MpOorpecca HempephlBHO Bo3pacraeT. OTMETUM, 4TO J1I000e
arpecCUBHOE BO3JICUCTBHUE HA OPTaHU3M MIPOUCXOIUT YEPE3 €ro BOJHYIO CpPeny, T. K. >KUBOU OpPraHu3M
cam nipuMepHo Ha 70 % cocrout u3 Bobl. JIt0Oast HOOUYMCTKA U Take MEXaHMIeCKOoe BO3/ICHUCTBHUE, HE
roBOpsI ke 00 HH(GOPMAITMOHHOM, HApPYIIaeT SKOJIOTHIO BOJBI M MOXET OKa3aThCs I'yOUTEIBHBIM JIJIS
aKocucTeMbl. Takoii (hakTop HE0OXOAMMO MPUHUMATH BO BHIMAaHHE.

WHTepecHBIM 0Ka3ajaoch MOBeIeHNE KOTEPEHN3UPOBAHHBIX (DpaKIiii. 31ech MBI IMEEM JIeIIO0 C
CHUCTEMOM, KOTOPYIO MOXXHO OXapaKTEepPH30BaTh KaK IUCCUIIATHBHYIO, KOTOpas 3a CYET MPUOOPETCHIUS
SHEPTUU U3 BHEIIHEU CPe/bl YBEIMYUBAET CTEIIEHb CBOECH KorepeHTHOCTH. OTMETHM, YTO MO MPEANo-
JnoxkeHHuo I'. @penuxa UMEHHO TaK MPOUCXOOUT U C JKMBBIMH CYLIECTBAMH, KOTOPBIE HCIOIb3YIOT
SHEPTUI0 MeTaboIM3Ma IS TIOIIEPIKaHUS KOTEPEHTHOT'O COCTOSIHUSI B 00hEME BCETO OPraHu3Ma.

Kax yxe yka3pIBanoch, A KOT€pEeHU3UPOBAHHBIX CUCTEM, KaK U ISl BOJbI KUBBIX OpraHU3-
MOB, SIBJISIETCS XapaKTePHBIM KOT€PEHTHOCTh CPeIH KOTEPEHTHBIX JOMEHOB. Takas 0COOEHHOCTh ITHX
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CHUCTEM M HalW4Me NPEUMYIIECTBEHHOW, HecOaJaHCHPOBAaHHOM BHYTPH CHUCTEMBbI JUCCUMMETPHHU,
MPUBOAMT K TOMY, 4UTO JAJIS1 HUX BO3HMKAET BO3MOXKHOCTh HAKAINIMBATh SHEPTUIO U3 BHELIHEN cpenbl U
3amacarh €€ B BUJE MHIMBUAYaJbHBIX BUXpeH. BenencTBue 3Toro cyMMmupyeTcs 3HEprus OTAETIbHBIX
BO30Y)XICHUN U NPOMCXOAMUT YBEIWYCHHWE MarHUTHBIX MoMeHTOB KJI, mpoucxomut ux mpeumyuie-
CTBCHHAs CITMHOBAsI OPHEHTAIMS B BBIJCIICHHOM HalpaBlIeHUA MarHUTHOTO nojis 3emun. OOHapyXH-
BacMO€ KCIIEPUMEHTAIBHO yBETUUEHHE ¢ M 3HaYeHUd PH yKa3plBaeT Ha yBeJIMYeHHE OOILIEH Kore-
PEHTHOCTU CUCTEMBI. JlecTBUTENBHO, KakK ciaeayeT u3 teopun Jx. [lpenapata [2], nns cioyuas Bo3-
HUKHOBEHHS KOTEPEHTHOCTH CPeIN KOT€PEHTHBIX JOMEHOB BA3KOCTh B KOT€PEHTHBIX IOMEHAX yBeH-
YUBaeTCs Ha MOPAJOK, UTO O3HAYaeT, YTO JOJKHA YBEIMUYUBATHCS U MPOBOJUMOCTh. Takue JOMEHHI B
cHTy 00ILeil KorepeHTHOCTH OoJiee JIETKO OTHAIOT CBOU 3JEKTPOHBI BO BHELIHIOIO CPEAy, YTO HMPUBO-
IWT K yBenuueHnto PH —aktuBHocTU. O0a 3TH SBJIEHUS OOHAPY>KUBAIOTCS U B 9KCIIEPUMEHTE.

TakuM 00pazoM, MBI HMEEM, YTO KOTEPEHH3MPOBAaHHAsI BOJA NEHCTBUTEIBHO SIBISETCS TON
CHCTEMOH, KOTOpas Haubojee TOYHO MOJENUPYET MOBEICHUE BOAHOM Cpelbl B )KUBOM OpPraHU3Me, a
IpUPOAHAs BOJA, KaK CHCTEMa, UMEIOIasi B CBOEM COCTaBe BCE KOMIIOHEHTHI M Bce KauecTBa ooeux L-
U R- KOMIIOHEHTOB B HecenapabenbHom COCTOSIHUHM, SBISETCS HauOoiee HeOOXOIUMBIM BEIECTBOM
JUTS TOUIEpKAHNS AKU3HEAEATEIBHOCTH XKHUBOTO.

BbiBoabI!

IIpoBeneHo ucciaegoBaHrue TPUPOIHON BOJBI C MPUMEHEHUEM HOBOM METOJMKH — KOT€pEeHH-
3alliU U pa3fiefieHus ee Ha JIB€ CaMOCTOsTeNbHbIEe (paKkiuu (CUCTeMBI) L- 1 R-CIIMHOBBIX MOJIApHU3a-
LU,

[Tokazano, uTo 3TH (hpakuMu ABISAIOTCA HecenapaOeJIbHBIMU KOT€PEHTHBIMH BOIHBIMU CHUCTE-
MaMH, 110 CBOMM CBOHCTBAaM IPUOIDKAIOIIUMUCA K BOJE KUBBIX OPTaHU3MOB.

[IpoBeneHsb! SKCTIEpUMEHTAIbHBIC UCCIIEAOBAHNS CBOUCTB 3TUX BOIHBIX (Ppakiuii U COMOCTaB-
JICHWE MX CBOICTB C NMEPBOHAYaIbHON BOAHOM CHUCTEMOM M BOAOM, MOMYYEHHON IPH CIUSHUU ITHX
(pakuuii B paBHOM KOJINYECTBE.

OO6Hapy>XeHO, YTO AJs KOTepEeHHU3UPOBAHHBIX BOJHBIX (Qpakuuil OOHApY>KUBAETCS DS He-
OOBIYHBIX 3aKOHOMEPHOCTEH, B TOM YHMCIIe HEOOBIYHOE BO3pPAaCTaHKUE ANIEKTPOIPOBOJAHOCTH G U 3HAUe-
Huil PH , HaOmonaeMoe Kak MpH HEeNPEpBIBHOW KOTepeHU3alnd MPUPOJHON BOABI, TAK U B TEUCHUE
MecsiIla HeMPepBIBHBIX HAOMIOAEHUI Ha CTaMU UX XPAHEHUS B OTKPBHITOM COCTOSIHUU. DTH U IpYyTHe
oOHapyXeHHbIE 0OCOOCHHOCTH 3THUX BOJIHBIX CHUCTEM aHAIM3MPOBAIUCH C MpUBJIEYCHUEM Teopuu JIK.
[Ipemapara [2,3] u pe3ynbTaToOB 3KCIEPUMEHTANBHBIX HccienoBanuil o merony CIIE-addekra [12].
BoiiBuHyTa MOJEINb, ONKCHIBAIOIIAS MPOLECCHl B 3TUX BOAHBIX (pakiusax. [lokasano, uro pacmpo-
CTpaHeHHe MOJO0XKEHUH 3TOW MOJAETH AJs OOBSICHEHHS HEJaBHO OOHApYKEHHOTO SBJICHHS CTUMYJIU-
pOBaHMs BOJOW CBEPXIPOBOAMMOCTH B mojukpucramwiax FeTeysS,, [24, 25] m03BOISET YAOBIETBO-

PHUTENBHO OMKCATh TaKOE€ SBJICHHE, U MOATBEPKIAeT MPABUIBHOCTh OCHOBHBIX MOJOXEHHH 3TOH MO-
JIeNH.

B pesynprare mpoBeNeHHBIX 3KCIEPUMEHTAIBHBIX HCCIEHOBAaHUI Takke OOHApYKEHO, YTO
CIIMSTHUE JBYX pa3lieNieHHbIX L- U R- ¢pakuuit BMecte (L+R-cucTema) mo3BoJsieT MOMYYHTh BOJHYIO
cpeny, KoTopasl uepe3 HECKOJIbKO JHEW He OTIIMYaeTCs OT KOHTPOIBbHOM npupoaHoil Boasl. Takas Boga
MPOSBIISIET YCTOMYMBOCTh BO BPEMEHU K BO3JICHCTBUIO BHEIIHEN cpenpl. OHA, KakK CIEoyeT U3 IpoBe-
JIEHHBIX WCCIICIOBAaHUM, OKa3ajach HecemapaOeahbHOW TUCCUMMETPUYHON cHcTeMol. BHemrHee B03-
JieificTBHE Ha 3Ty CHCTEMY, HallpUMep, JOOUUCTKA, XJIOPUPOBaHHE, IepeMeIleHIe ee TI0 CUCcTeMaM Ka-
HaJIM3alluy, BeJeT K Pa3pyLICHHUIO cenapadeIbHOCTH, YTO, IPAKTUIECKH, HE BOCCTAHOBHUMO.

Hanmaume npuponHoil eHepreTHku, 0co00T0 MPUMECHOTO COCTaBa, AUCCUMMETPHUH, Hecemapa-
OETBLHOCTHU U PAJa IPYTUX OCOOCHHOCTEH M XapaKTePUCTUK MPUPOIHON BOJBI, KOTOpEIe chopMUpoBa-
JIUCH BCJEJICTBUE JJINTEIBHOIO KOHTAKTa C MPUPOJHON CpeioH, JeNaloT ee YHUKAIbHON U He3aMeHH-
MOW BOJIHOW CHCTEMOW IUIsi BOCIPHUATHS >KUBBIMH OpraHm3mamu. JIroboe BMeInaTeiabCTBO H3BHE
HapyIllaeT ee paBHOBECHE C BHEIHEW Cpeliod, HEOThEMIIEMOIN COCTABISAIOIIEH KOTOPOro SIBIAIOTCA U
JKUBBIE OPTaHU3MBI.
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Kurik M. V., Martsenyuk L. S.
Structural and power properties of natural water

The results of researches of coherentness and separations of natural water on left - and right — spin-orientated
components are analysed. It is shown that the non-separable natural water is as much as possible approached to
endocellular water of a human body. The model leaning for G.Preparata’s works is offered, it displays the
processes in coherent natural water. It is shown that natural water possesses a set of such important physical
characteristics as: fractal-cluster structure, optical dissymmetry structures, homogeneity of structure, which
ensures to water non-separability.

Keywords: physics of water, coherentness, quantum mechanics, separability.
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