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MCCJIB[[yIOTC?{ CIHEKTPDI IMOTJIOMEHUA £[I/ICTI/IJIJII/IpOBaHHOI‘/JI U TSDKeTon BO/IbI IIOC.JIE€ 06J1y‘-I€HI/I${ IIOTOKOM 3.JI€K-
TPOHOB HaHOCCKyHﬂHOﬁ JJINTEJIbHOCTH. Briio Saqﬁ)I/IKCI/IPOBaHO X HU3MEHeHHe IIpU MHOTOKpPpaTHOM Oé]Iy‘-IeHI/II/I BO-
ADbI. CHCKTpa.HbeIﬁ aHalIu3 B I/IK’[[I/IH.H&ISOHC IIOKa3aJl OT/InNYKre CIIEKTPOB IIOIJIOIEHUA HeOéJIy‘-IeHHOI‘/,I 148 06qu11er
HOIt BO/IbI 1 U3MEHEHNE II0CJIeTHUX CO BpeMeHeM.

Knouesvie c106a: HaHOCEKYHIHBIN TIOTOK 3JIEKTPOHOB, CIIEKTP MOTJOIeHNsa Boabl B VK-anamasone, mpoBo-
nuMocTb Bozbl; nanosecond electron flux, water absorption spectrum in infrared region, water conductivity.

BBeaenne

V3MeHeHNsT CTPYKTYPBI U CBONCTB BOJBI MO [eii-
CTBUEM BHEITHUX (haKTOPOB OCTAIOTCS TIPEIMETOM MHO-
TOYMCJIEHHBIX HccaenoBanuil [1—3]. MoskHOo mpearno-
JIOKUTh, YTO H3MeHeHWe CBOICTB BOJBI TP BHEITHEM
BO3/IEHiCTBIM OGBSICHSIETCS ee CTPYKTYPHOU IMepecTpoii-
Koif. Oco6eHHOCTH XUMIYECKOTO CTPOEHUS MOJEKYJT
BOJIbI CTIOCOGCTBYIOT 06PA30BAHIIO HAIIPABJIEHHBIX BOJO-
POJIHBIX CBSA3el MEKAY COCETHUMU MOJIEKYJIaMU U 00b-
e/IMHEHNIO UX B IPOCTpaHCTBEeHHBbIe KaacTephl. Kiacre-
PBI BOJIBI UTPAIOT BAKHYIO POJIb B aTMOC(epHBIX, OWO-
JIOTHYECKNX ¥ XUMUYECKHUX TPOIeccax, M03TOMY JHar-
Hoctuka cBa3eit H,O B skuakoit dase BakHa 1714
peleHnsT MHOTHX TEeXHOJOTHYECKUX U GHOJIOTHYECKHX
3ama4. B [4—7] mpoBoamiich wccaeJoBaHNSA BOJIBI 1 BOI-
HBIX PACTBOPOB, B TOM 4ucJIe U B AuddysnoM 6apbepHoM
paspsange, GopMUpyeMoOM MpeabloHu3aIeil GbICTPBIMU
3JIEKTPOHAME MPU KOPOTKOM (PpPOHTE MMITYJIbCA HAIIPSI-
skeHus. Onucanbl usMeHeHus crekrpa MK-usmyuenus
mocie OGJIy4YeHUsT B pa3psile, KOTOPbIE CBSI3bIBAIOT
C U3MeHeHneM KOMITIOHOBKY MOJIEKYJT BOJBI B KJIACTEPHI.

Ienb HacTosIell paGoThl — UCC/IeJOBaHUE BPEMEH-
HBIX u3MeHeHuit mpoBoguMoctu u WK-crekTpoB amc-
TWLINPOBAHHOW U TSsKeIoil BOMBI, IpeJCTaBJIdIoNei
co6oit cmecy Morekys H,O, HDO u D,O [8, 9], mocse
06JIy4eHNsT TIOTOKOM 3JIEKTPOHOB HAHOCEKYH/IHOI [I/TH-
TeJIbHOCTH.

JKcnepuMeHTaJbHad anmnaparypa
U METOJAUKHU U3MepPEeHHUI

WccreoBanust IPOBOAMINCH HA TOW K€ 3KCIIEPH-
MeHTAJIbHOIT ycTaHOBKe, uTo u B pabore [10], ¢ pagua-
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IUOHHO-XUMHYECKIM DPEAKTOPOM, CO3JaHHBIM Ha Oase
CTaHJapTHOTO peHTreHoBckoro amnmapata HOPA. Nwm-
MyJIbC HAIPSIKEHUS OT FeHepaTopa HAHOCEKYHAHBIX UM-
MyJThCOB PEHTTEHOBCKOTO aTiaparta Mo/IaBaJIcs depes3 Tie-
pelaiolnlyo JUHUI0 HAa OTHASHHBIA BaKyyMHbBIH MO
NMA-1509. 3a ¢osabroit BakyyMHOTO AM0/1a HA TIOMAIN
auamerpoM 15 MM (oOpMUpOBAJICS TOTOK 3JI€KTPOHOB
¢ wionapio cederus 1,77 ¢m?, wiotHocTbio ~ 150 A/ cm?
U [JUTeNbHOCTbIO 2 He. YacToTa NMOBTOpPEHUSI UMILYJIb-
coB — 4 I'n. Pacupenesienue 1o sHeprusM 3JeKTPOHOB,
BbIBe/IeHHBIX U3 BAKYYMHOTO JUO/a, UMeJIO BUJ|, Xapak-
TepHBIN [J1 yCKOpuTeseil JUHEHHOTO THUIIA C MaKCUMY-
MoM 90 k3B. CymMmapHast sHeprusl 2JIeKTPOHOB 3a UM-
yJibC, M3MePeHHAs ¢ TOMOIbIo Kajsopumerpa UMO-2,
JIOCTATOYHO XOPOIIIO COBIIaJajla ¢ PACCYUTAHHON U3 pac-
npefieJieHNsT 3JIEKTPOHOB MO 3HEPTHSAM M COCTABJISIA
~0,084 [I:x 3a ummysbc. O6aydenne sKUIKOCTEH MPON3-
BOJIJIOCH B KIOBeTe 113 HepsKaBelollleil cTaju B TeyeHUe
10—30 muH. [lo3a obmyuenusa aas Boabl [11] cocraBis-
ma 1—2-10° I'p. Mamepenne NK-crekTpoB morsome-
HUS OCYTIEeCTBJIIOCH ¢ TIoMolbio (Dypbe-crieKTpoMeTpa
DT-801 ¢ mmpokoINATa30HHBIM MH(PPAKPACHBIM MUK-
pockoriom MUKPAH-2. IIpoBoauMocTb BOABI U3MePSI-
nack npubopom TDS&EC (hold).

IKCrepUMeHTabHbIE PE3YIbTAThI
U HX 00CYK/IeHHe

PeaknnoHHas c1oco6HOCTh BOJBI U BOJHBIX Pac-
TBOPOB MOXKeT CYI[eCTBEHHO H3MEHIThCS TOCje BO3/el-
CTBHSI Ha HHUX Da3JiuyHbIX (akTopoB (TeMmeparypsi,
VJIbTpa3ByKa, IIepeMeHHOTO 1 TIOCTOSHHOTO MarHUTHOTO
T0JIel, 2JIEKTPOMArHNTHBIX BOJIH, HH(Pa3ByKa, aKyCTH-
YeCKUX BOJH U T.[.). K HacrosiieMy BpeMeHH HaKOIH-
JIOCH JIOCTATOYHO MHOTO 3KCIIEPUMEHTAJIbHBIX [[AHHBIX,
y6eNTeTbHO JOKA3LIBAIONINX 3((PEKTHBHOCTD IIpHMe-
HEHUsI MAarHUTHOTO IOJISA /YIS MHUITMAIMH Pa3JInIHBIX
(pU3NKO-XUMHYIECKUX IIPOIECCOB.
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MouteKkyJibl BOJbI, WX ACCOIUATHI, THIPATHPOBAH-
Hble MOHBI COBEPINAIOT GecHpepbIBHBIE KoJieOaTebHbIe
JIBIDKEHUS, KOTOPBIM COOTBETCTBYET OIIpe/ie/IeHHbIIT
KoseGaTe bHBIH ypoBeHb. llpm BosgeilicTBIM Ha 3Ty
CHCTeMy II0JIeM ONTHMAJIbHOII YacTOTLI BO3MOKEH pe30-
HaHC C ONpeJIeJIeHHOH T'PYIIIOi MOJIEKYJT W acCOIMaToB
C BO3HHKHOBEHHEM KBAHTOB 9HEPIHHU, CIOCOGHBIX -
¢opMupOBaTh CBA3M, U3MEHATh CTPYKTYPHBIE XapakTe-
puctuku cucreMbl. OpHuM u3 HaunboJee WHGHOPMATUB-
HBIX U TIPOCTBIX B TEXHHYECKOM MCHOJHEHUU METOI0B
o6HapYyKeHNs W3MeHEeHUs CTPYKTYPHBIX CBOIICTB BOIBI
apasgiorcs UK- n Y D-criekTpockonuyeckiue MeTo/Ibl
ucciaenosanug. B [4, 5] mokasaHo, 4TO IIOJ BO3JEHCT-
BueM auddysHoro obbeMHoro paspsima MK-cnekTpbr
BO/JIBI W BOJHBIX PACTBOPOB M3MEHIIOTCS, a ITI0JI0ca Ba-
JeHTHBIX KoseGanuii OH-rpynm pacmupsiercs. Takas
cuTyarusg o6ycjoBeHa H3MeHeHeM KOMIIOHOBKH BOJIBI
B KJIACTEPBI; IPU 3TOM 06pa30BaHUe aCCOIMATOB BOJBI,
yHopsiZioueHNe TpeXMepHO#l CeTKN BOJOPOJAHBIX CBs3eit
MPOUCXOMUT 3a CYeT 0O6pPa30BaHUsI CHJIBHBIX BOJODPO.I-
HbIxX cBa3eii. B [10] moka3ano, 4To mpu MHOTOKPATHOM
O6Jly4eHUH TUTbEBOI BOJbI, TaJOW BOIBI U3 CHeTa
1 TSKeJIoH BOJBI TTIOTOKOM 3JIEKTPOHOB HaHOCEKYH/HOI
JUTTETbHOCTH HaOJIo/laeTcsl U3MeHeHUe CIIEKTPOB TI0-
TJIONEHNS W yBeJIMdeHne IPOBOANMOCTH.

PaccMoTpuM BpeMeHHbBIEe N3MEHEHUST TIPOBOIMMOCTI
n NK-crexTpoB [UCTHUAINPOBAHHON U TSXKEJION BOJIBI
nocJie 06JIy4eHus OTOKOM 3JIeKTPOHOB (J1ajiee e-TOTOK )
HaHOCEKYH/IHOH AmuTebHOCTH. CIeKTpbl CHUMAJNCDH
TIpHu ToJIInHe cos Kugakoctn 10—15 mxm. Ha puc. 1, a
MIPEJICTABJIEH CIEKTD TIOTJIOIIEHNS JUCTUJLINPOBAHHOI
BOJIBI IO M TIOCJTe 06Iy4eHNs e-TIoTokoM. AHamm3 Dypbe-
crekTpoB moryolnenns B VK-mnamazoHe mokasan oT-
JINYWS CIIeKTPOB TOTJIONIEHU O6JIy4eHHOTO U HeoOJIy-
YeHHOTO 00pAa3IOoB U UX HM3MeHeHUe BO BpeMeHH. lc-
cnenoBaHusa JaHHBIX VK-clekTpoB Hokasagn Halmdue
YacTOT BaJEHTHOH CUMMETPHUYHOIl TTOJIOCHI, BaJIeHTHOU
ACHMMETPHYHOIT ITI0J10ChI 1 06ePTOHOB /1ehOPMAINOHHOI
moJsiochl MoJiekyil HyO B nuamnazone 3734—2872 em !,
MOJIOCBI, COCTABJIEHHON u3 CyMMbI JedhOpPMAIIOHHBIX
U JUOPAIMOHHBIX KOJIe6aHWil MOJEeKyJ BOIBI, 2250—
2000 cM™' (Maxcmmym 2125 em™'),  gedopManmonHOif
TI0JI0CHI BOJIBI ¢ MakcuMyMoM 1625 e~ n mGpaimon-
HOil Tos10ChI ¢ MakcuMyMoM 731 em™'.
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V3MeHeHNS TIOTIONEHNS JUCTH/INPOBAHHON BOIBI
mocje o6JydyeHHs e-TIOTOKOM COCTOSLIU B TOM, YTO TO-
Jloca BaJIeHTHBIX KoJjebauuit OH-rpynn pacmmpuiach
u crama 3744—2840 em!; MaKCUMYMBbI II0JIOC, COCTaB-
JIEHHBIX W3 CYMMBI 1epOPMAINOHHBIX W JTHOPAITNOHHBIX
KoJIeGaHmil MOJIEKYJT BOABI U /1e(hOPMAIMOHHOI MOJIOCHI
BOJIbI, CMECTHJIUCH B CTOPOHY 60Jjlee KOPOTKUX YaCTOT;
aMILTUTYBl 3TUX MOJIOC YBEJUYUINCH TIPU UX HE3HAYM-
TebHOM yrmpennn. [omoxenne makcnmyma (731 em™')
JMOPAIIIOHHOI TTOJIOCHI TIPM TOCTOSTHCTBE aMILINTYIBI
He MeHseTcs.

ITpoBoaMMOCTh AUCTHILIMPOBaHHOIl Bogbl (27 °C)
nocsie o6ayueHust yBeaudmiaach ¢ 2 10 42 MKkCM/cM.
JlnHaMuka n3MeHeHHs MPOBOANMOCTH ANCTHLTHPOBAH-
HOIi BobI TOKa3aHa Ha puc. 1, 6. HauGosbliue nuzmene-
HUS TIPOBOJUMOCTH IIPOHUCXO/AT B TeUeHHe yaca IIocJe
06paboTKH, B JajbHeiileM HabJI0aeTcs ee JTHHEeNHbIH
poct. V3MeHeHMe TPOBOAMMOCTH XOPOIIO COTJIACYETCS
C pacIupeHHeM MOJIOCHI BaJeHTHBIX KoJieGanuii OH-
rpyun Mosekysasl HyO.

B cmexrpe Tsmkenoii Bogbl (puc. 2, @) Habaoga-
I0TCA YacTOTHI BaJIeHTHOH CUMMETPHYHON M BaJIeHTHOM
acuMMeTpHuHolt moJioc Mojekyanl H,O m BajseHTHOTO
kosebanus OH mosnexyast HDO — noJioca morioneHmst
OH 3900—3110 cm™' (MakcumyM B paitone 3400 cm™');
06epTOHOB  /1e(DOPMAITMIOHHOTO KOJIEOAHUSI MOJIEKYJTBI
HDO — nonoca norsomenus OH 3150—2880 cv~! (Max-
cnMyM ~2940 cM'); cyMMBI CHMMeTPHYHOIT 1 acHMMeT-
pHUYHOI TI0JI0OC BaJIeHTHBIX KoJsiebaHMUil Mosekyasl D,O
u BaseHTHOTO KoJseGanusg OD wmosekyasr HDO —
nosioca morsomenns OD 2800—2200 cm™ (MakcuMyM
~2490 cM);  nehopMaIMOHHBIX KOJeGaHMH MOJIeKy.T
H,O 1778—1614 cm™! (Makcumym ~1648 em™!), HDO
1615—1384,6 cm! (Makcumym  ~1466,5 em™), D,O
1307,7—1100 cm' (Makcumym ~1204 em™).

W3MmeHeHns cHeKkTpa MOIJIONEHNUS TSKeJoH BOABI
rocJie 06 TyYeHUsT TOTOKOM 3JIEKTPOHOB B TeUeHHEe Pa3HO-
ro BpeMenn (KpuBble 2—4) 3aKII0YAINCH B CIEAYIOLIEM:
ToJ10ca BaJeHTHBIX Kosebannii OH-rpymm monexyr H,O
1 HDO pacumpunach u crana 4040—3040 cm'; momoca
norsnonieruss OH-06epToHOB J1e(hOpMAIIMOHHOTO KOJIe-
6annsg Mosekyasl HDO crama 6ostee MHTEHCUBHON Ipn
coxpanennn auanazona (3150—2850 cm™') u mosmoxkens
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Puc. 1. K-cnekTp IucTH/INPOBaHHOI BoAbl: | — 10 o6iydeHus; 2 — depe3 4ac mocie obaydeHus; 3 — 48 4 mocse o6TydeHus;
4 — 90 u mocse o6aydyeHuss e-noTokoM (a); 3aBUCUMOCTb MPOBOAUMOCTHU JUCTUIIUPOBAHHON BOABI OT BPEMEHH MOcJe 06JyYeHIst
HAHOCEKYH/IHBIM e-TIoToKoM (6)
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Puc. 2. UK-cuekrp Ts:Ke10it Bogbl: 1 — 10 o6mydeHus; 2 — yepe3 yac mocJe obaydeHus; 3 — 4,2 4 nocie obaydenus; 4 — 118 4
nocsie obydenus; 5 — 166 u mocse o6aydeHuss e-morokoM (a@); 3aBUCUMOCTD TPOBOAUMOCTU TSKEJNOH BOIBI OT BPeMEHU TOCJIe
06 TyIeHUs] HaHOCEKYHIHBIM e-TloToKoM (6)

MakcumyMa (~2935 cM™'); cyMMa CHMMeTPHYHBIX I aCHM-
METPHYHBIX BaJEHTHBIX KojebGaHuii Momekyasl D,O
n BajeHTHOTO KosebGarmss OD mosekyapr HDO — mo-
snoca norjomieHus OD — He u3MeHWJUCh HU TIO MIH-
pUHEe, HU IO TMOJOKEHWI0O MaKCUMyMa; MaKCUMyM [le-
¢opmanuonnsix kosebannit Mosekya H,O un HDO cme-
CTHJICSI B CTOPOHY 60Jiee BBICOKHX YaCTOT, a MAKCUMYM
nedbopMaIioHHOTO Kosie6anus MosekyJpl DO octancs
HEM3MeHHBIM, MTOCKOJIbKY H30TONHBIE 3(deKTh cTabu-
JIN3UPYIOT BOJOPO/HBIE CBS3M C [JeifTepueM, 4TO TIPH-
BOAWT K OOJIbIEH YCTONYMBOCTH accOITNATOB, oOpa-
30BaHHBIX U3 MoJiekysa D,O. IlpoBoaumocTb TsKe-
J0it Bojpt (27 °C) yBesnmyusiach mocjie o6jiydeHus ¢ 8
j0 127 MmxCm/cm (puc. 2, 6). Hau6obinme n3MeHeHusT
NPOBOJMMOCTH TIPOMCXOJAT B TedeHume daca (~8 pa3s)
u B untepBajte 1—4,2 4 (~7 pas), ganee Hab/OgaeTCS
He6OJIBINOI JUHEITHBIN POCT.

Ha puc. 3 mpuBemeHbI 3aBUCUMOCTH OT BpeMeHU
06JIy4eHs TOJYIUPIHBI YacTOT BAJEHTHOH CUMMeET-
PUYHOI U BaJIeHTHOI acCUMMeTPHYHON I0JIOC MOJIEKYJIbI
H,0O u BanentHoro kosebauus OH mosexyist HDO —
nosocel morsiomenns OH  (kpuBag 1), NOJNYIIHPUHDL
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Puc. 3. [TosynmipuHa 4acToT BaJeHTHON CUMMeTPUYHOII 110J10-

Cbl, BaJIEHTHOI acUMMeTpUYHOil mosockl MoJekyabl H,O u Ba-

snertHoro kosebanus OH mosexynast HDO — mosocs norio-

menus OH (7), momymmpuna BameHTHOro komeGanus OD

Mosiekyibi HDO — mosiocht norsomernss OD (2) B 3aBucu-
MOCTU OT BpeMeHH Iocje 06JyYeHus

BasieHTHOTO KoJiebanuss OD mosnekyast HDO — momocsr
norsonteruss OD (kpuBag 2), u3MepeHHble Ha I10JIyBbI-
coTe aMILIUTY/bI CIeKTPOB. 3aBUCUMOCTU HOCAT HeJlu-
HelHBIIt XapaKkTep; IPH YBeJIMYeHIT BpeMeHN 00Ty deHIs
Ha6JII0/jaeTcs POCT KPUBBIX, KOTOPLIH XOPOIIO COIJIacy-
€TCsl ¢ U3MeHeHUueM IIPOBOJAMMOCTU TSIXKeJIOW BOJDI.
JlunamMuka IpoBOAUMOCTH JUCTULINPOBAHHON U TS~
JKeJIO BOABI MpH  OGJYYeHUH IIOTOKOM 3JI€KTPOHOB
HAHOCeKYH/HOI JJINTeIbHOCTH B paMKaxX HcCJIelyeMOoro
BpeMeHHOrO MHTepBaja HMeeT YCTOIUYUBBINA XapaKTep.

3akouenue

[loxazano, 4To TpPH MHOTOKPATHOM OOGJyYeHUN
JUCTUINPOBAHHON U TSKeTOoHl BOJBI TIOTOKOM 3JI€K-
TPOHOB HAHOCEKYH[IHON JJINTeJBHOCTH Ha6II0aeTCsa
n3MeHeHHe CIIeKTPOB TIOTJIONIEHHS, yBeJYeHne IIPoBo-
JIIMOCTH BOJIBI CO BpeMeHeM; IIPOIlecC B pPaMKaxX HC-
CJIe/lyeMOro BpeMEeHHOTO MHTepBasa IMeeT yCTOIYNBDIIL
XapakTep.

[l Tsxes1oit BOAbL 3aBUCUMOCTH TIOJIYLIMPUH Yac-
TOT BaJIEHTHO} CUMMETPUYHOI TT0JIOCHI, BAJIEHTHOIT acuM-
MeTpU4HOI I110s10chl MoJiekyibl H,O u BaseHTHOro Ko-
gebanust OH mosekyast HDO — TOJIOCHI TIOTJIONIEH IS
OH, BanentHoro kxosebaunus OD monexkyat HDO —
nostockl norJomennst OD or BpemeHn 1ocsie 06/ 1ydeHus
HOCSIT HeJIMHEHHbI XapakTep, pacTyT € yBeJHMYeHHeM
BpeMeH! OOJIyYeHUSI W XOPOIIO COIJIACYIOTCS C H3Me-
HeHHEeM IIPOBOAMMOCTH TsKeJOoH BoJbl. MakcuMyM
TedopMaIoHHOTo Kosteb6anus MoJiekyasl DyO ocrancsa
HeN3MeHHBIM, TOCKOJbKY U30TOMHbIE 3(hHeKTh cTabu-
JII3UPYIOT BOJOPO/HbBIE CBS3M C JeliTepueM, YTO IPUBO-
T K GOJIbIIell YCTOWYNBOCTH acCOIMATOB, 00Pa30BaH-
HBIX n3 MoJekya D,O.

TakuM o6GpazoM, o6srydeHHe BO/bI IIOTOKOM 3JIEK-
TPOHOM MOKHO HCHOJIb30BATh [T MOANDUKAINK
CBOIICTB BO/JIbI 1 BOJHBIX PACTBOPOB.

Pa6ota BBINOJHEHA B PaMKaxX TOCYAapCTBEHHOTO
3agarng M1CO CO PAH mo teme Ne 9.5.2.
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irradiated and irradiated water and a change in the latter over time.
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