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MHOTI'OLIEHTPOBBIE MEKMOJIEKYJISIPHBIE B3AUMOJIEMCTBUSI
B MAKPOI'ETEPOIUKIMYECKHUX COEIMHEHUAX
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B Hacrosimiee BpeMst IPUHSATO TOBOPUTH O MEKMOJICKYJIIPHBIX B3aUMOICHCTBHSIX
KaK O IpoIleccax MOJICKYJISIPHOTO PacliO3HaBaHUS B MOJICKYJISIPHBIX CHCTEMaXx, IOTO-
MY 4TO MEKMOJICKYJISIPHBIC TIPOIECCHI POUCXOIAT MPU B3aUMOJICHCTBUH OTICITBHBIX
(GYHKIIMOHAIBHBIX TPYII — PEAaKIMOHHBIX LIEHTPOB. B mpocTeiimem ciydae, eciu y
MOJICKYJIBI €CTh OJMH PCAKIIMOHHBIA IIEHTP, TO €€ CIIOCOOHOCTh K YYaCTHIO B HEKOTO-
POM MEXMOJICKYJIIPHOM TIPOIIECCe MOXKET OBITh MPEJICTaBlIeHa B BUJIE OTHOIIApaMeT-
pudeckor 3aBUCUMOCTH S = f(x). CBOOOIHBIE OCHOBAHUS TETPAMUPPOIBLHBIX MaKpO-
TeTEPOIMKINYCCKAX COSTUHEHUHN (PUCYHOK 1) CITOCOOHBI K YYacCTHIO B Pa3IMYHBIX
MEKMOJIEKYISIPHBIX B3aHMOJCHCTBUAX OJlarofaps HAIMYHIO: a) aMHHOTPYIIT ITHp-
POJILHBIX KOJell; 0) HEeMOCICHHBIX JJICKTPOHHBIX Map y MMHHHBIX aTOMOB a30Ta
IIAPPOJICHUHOBBIX KOJICI]; B) PEAKIIMOHHBIX ILIEHTPOB, (OPMHUPYEMBIX IMepudepude-
CKHMU 3aMECTUTEIISIMHU.

C,=1,4,69,11,14,16,19 C,=23,7,8,12,13,17,18  C,,=15,10,15,20

JUi KoppoJia IpUBEIEHAa CTPYKTYypa KOPOTKOBOJIHOBOTO TayToMepa T2.
Hymepanus atomoB nana cornacHo HomeHknarype [UPAC

Pucynoxk 1 — Monekynapuas cmpykmypa c60000HbIX 0CHO8aHUil nopgupuna (a) u koppoaa (6)

B cayyae nop¢dupuHOB MOKHO OBUIO OXUAATh, YTO PEAKUMOHHAs CIOCOOHOCTH
OJTHOTUITHBIX LIEHTPOB Oy/IeT OJJMHAKOBOM OJjarogapsi CHMMETPUYHONU MOJIEKYIISIPHON
CTpyKType (pucyHOK la). OmHaKo peaklMOHHBIC IIEHTPHI OKa3bIBAIOTCA HEIKBHUBA-
JIEHTHBIMH W3-32 AJICKTPOHHOM MEXKIIEHTPOBOM KOMMYHHUKAIIMM B MaKpOLUKIIE H
ACUMMETPUYHOCTH MOJIEKYJISIpHON KOH(opmanuu, Kotopas GopMHupyeTcs B KOHIEH-
CUPOBAHHOM (paze nake y CUMMETPUYHBIX (CUMMETPUYHO 3aMEIEHHBIX) COEIUHE-
Huil. [loaToMy mpu cosipBaTali y KOHMOPMAIIMOHHO MOABMXKHBIX TETPAUPPOIb-
HBIX MaKpOILIMKJIOB BO3MOKHBI 3aMETHBIE OTKJIOHEHHSI OT CHMMETPUYHOTO CTPOCHHSL.

136



CEKILIUA 3
COBpeMCHHBIC HAy4HBIC UCCJICJOBAHHS B obOact (I)I/ISI/IKO-MaTeMaTI/ILICCKI/IX 1 TCXHUYCCKUX AUCIHHUITIINH

3HauUUTENHFHO OOJIbIIIAss AaCUMMETPHST HAOIIOAETCA Y TETPAMUPPOIbHBIX MaKpOIUK-
JIOB, KOTOpBIE COAEPKAT B COCTaBE PAa3IMYHbIC T€TEPOLMKIIBI TNOO OTINYAIOTCS TH-
MIOM COEIMHUTEIHLHBIX MOCTUKOB MEXIy HUMHU. Tak, CBOOOHBIE OCHOBAHUS KOPPO-
JIOB (pUCYHOK 10) OTIMYAIOTCS TE€M, YTO JBAa MUPPOJIBHBIX (PparMeHTa COCAMHEHBI HE
METHUHOBBIMH MOCTHUKaMH, a HenocpeacTBeHHO C—C cBs3bi0. CUMMETPUST MaKpOIUK-
Jla KOPPOJIOB CYIIECTBEHHO CHUXKAETCS M0 CPABHEHUIO CO CBOOOTHBIMU OCHOBAHUSMU
nopbupuHOB. JOMOJHUTEIBHBIM BO3MYIIAIOMKUM (HAKTOPOM B CBOOOJIHBIX OCHOBa-
HUSX KOPPOJIOB SIBISIETCS HAJMYME B MAKPOIUKIMYECKOM SIIPE TPEX MPOTOHOB, KO-
TOpPbIE HE MOTYT Pa3MECTUTHCS B IJIOCKOCTH COKPAIIEHHOTO MAaKpOLMKIIA U UHYIIU-
pytoT (P OpPMUPOBAHKE HEMJIOCKOTO KOH(pOpMEpa BOJIHOOOpa3Horo tuma [1].

Bce terpanupposibHble MAaKpOTETEPOLMKIIBI SBISIOTCS aM(pOTEPHBIMU, YBeIUYe-
HUE KUCJOTHOCTH (yMeHbIleHue pH) MHKPOOKpYKEHHS MPUBOAUT K MPOTOHUPOBA-
HUIO UMHUHHBIX aTOMOB a30Ta MUPPOJICHUHOBBIX KOJIELl, a IPU YMEHbIIEHUU KUCIOT-
HoCTH (yBenmueHuu pH) nucconmupyroT MPOTOHBI AMUHOTPYIITT MUPPOIBHBIX KOJIEII.
PeaknimoHHBIE TIEHTPHI B SApE MOJIEKYJBI TOp(GUPHHA MOTAPHO OJUHAKOBBI, OJTHAKO
B3aMMOJCHCTBHE MEXIY HUMU MPHUBOIUT K TOMY, UTO B OOIIEM CiIy4ae MPOTOHHUPO-
BaHWE TPEJCTaBISIET cOO0M ABYXCTaIUHHBINA mpoiiecc. Bricokas KoH(pOpMaIoHHas
MOJIBIDKHOCTh MAaKpPOIMKJIA TMPUBOAUT K HEIJIAaHAPHBIM HCKAKEHUSM MaKpOIMKIIA
CeJI000pa3HOTo TUIIA MPU MPUCOSTUHEHUH TIEpBOTo MpoToHa. CreaoBaTeabHO, BTO-
pOil MPOTOH B3aMMOJIEHCTBYET C MUPPOJICHUHOBBIM KOJBIIOM, KOTOPOE MOBEPHYTO
MOJT yIJIOM (¢ K CpeaHEeH TUIOCKOCTH MakpoIlHKiIa. B sTom cimydyae ¢opmupoBaHue
JBAYKBI IPOTOHUPOBAHHOU (POPMBI CIIEYET OMUCHIBATH C TTIOMOIIBIO MMPOU3BEICHUS
HECKOJIbKUX (PYHKIMM mepeMeHHoM x: S = f1(x)f2(x). OyHKUMH f1(X) U f(X) ABASIOTCS
GYHKIIUSMH OJTHOTO BHJIa, HO HE OJMHAKOBBIMH, TTOCKOJIBKY MEXIY JBYMS IEHTpaMU
UMeeTCsl B3auMoJeicTBre. B 3aBUCHMOCTH OT CTPOEHHS MOJEKYJbl COOTHOIICHUE
3HaYeHUN (QyHKIUH f1(x) U f>(x) MOXKET CyIIeCTBEHHO OTIMYaThcs. B cirydae 60b-
IIOTO pa3nuuus (HU3Kas KOOMEPAaTHBHOCTh PEAKIIMOHHBIX IIEHTPOB) MPOUCXOTUT MO-
cienoBaTeIbHOe (POPMUPOBAHHE MOHO- U JBAXKIbl MPOTOHUPOBAHHBIX GOpM, a B
cllyyae MaJIoTO pasznuuus (BBICOKAs KOOMEPATUBHOCTH) MPOHMCXOIUT MPAKTUYECKU
OJTHOBPEMEHHOE MPHUCOETUHEHUE JIBYX MPOTOHOB M (OPMHUPOBAHUE BBl MPOTO-
HUPOBaHHOU (hopMmbl. Pa3nuyHas KOOMEpaTUBHOCTH CBA3BIBAHUS IPOTOHOB JOJDKHA
OBITh yuTeHa TIOCPEICTBOM BBEIEHUS MapaMETPHUECKON 3aBHCHUMOCTH B (DYHKIIUHU
fix) u fy(x), xoTopble TpaHCHOPMHUPYIOTCSA, TakuM o0Opa3oM, B (QyHKIUU
filx,ny) = fix)n, u fr(x,ny) = f(x)n,, tae n; — pyaknus koonepatuBHOCTU. DyHKINS KO-
OINEPaTUBHOCTU B3aUMOJICHCTBUS 7; B IBHOM BUJIE HE MOXKET ObITh ONHCAaHa OJHOTA-
paMeTpUYecKOol 3aBUCHMOCTBIO, MMOCKOJIbKY KOHCTaHTa CKOPOCTH CBSI3BIBAHUS TPO-
TOHOB 3aBHCHUT OT HECKOJbKHX (hakTopoB. HeoOxomumo yuecTs, uyTo mnepudepude-
CKHE 3aMECTUTENId OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA pPACIpeaelieHHe DIIeK-
TPOHHOM TIJIOTHOCTH B MAaKpOIMKJIE. B COOTBETCTBUU C XapaKTepOM pacCIpeeICHUS
AIIEKTPOHHOH TMJIOTHOCTH HA MOJIEKYJISPHBIX OPOUTANIAX MaKpOTETEPOIUKIa JOHOP-
HO-aKIENITOPHBIE XapaKTepUCTHKU 3amecTtutenielt C,-T0J0KEHUIX MaKpoIHKia Oy-
YT ONPEIENATh CPOJICTBO aTOMOB a30Ta MUPPOJBHBIX KOJIEIl K MPOTOHAM B OCHOB-
HOM DJIEKTPOHHOM S COCTOSIHMH, YTO TMOJTBEPKIAACTCS OJHO3HAYHBIMHU KOPPEIISIIH-
OHHBIMH 3aBUCHMOCTSIMH KOHCTaHT ["ammeTa nepudepuueckux 3aMecTUTeNeil  KOH-
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ctanT ocHOBHOCTH pK [2]. CnenoBaTenbHO, GYHKIMS KOOTIEPATUBHOCTH 7 JTOJDKHA
BKJIIOYATh B KAYECTBE apryMEHTOB JIMOO CaMM KOHCTAaHThI ['amMmeTa (MHIYKTHUBHYIO
O, U PE30HAHCHYIO O ) NepUPEpHUUECKUX 3aMECTUTEIIEH, JINOO0 HEKOTOPYIO BEJINYH-

HY, XapaKTepU3YIOILLYI0 3JeKTpOHHbIE 3PdekTsl 3amecTuteneil. dyHKIMOHaNbHAS
B3aMMOCBSI3b PEAKIHMOHHBIX IIEHTPOB MAKPOLMKIA U 3aMECTUTEIEH MO aHAJOTHH C
(dbepMeHT-CyOCTpaTHBIMUA CUCTEMAMH MOKET OBITh OINpE/IeeHa KaK alllIOCTEPUIECKOE
B3aMMOJICCTBHE.

N3BecTHO, YTO At MPEO0JIeHNs KYJIOHOBCKOTO OTTAJIKUBAHUS IIPOTOHOB B MaK-
POLIMKJIMYECKOM SIpE TIPU 00pa30BAHUH JABAXKIbI MPOTOHUPOBAHHON (POpPMBI TOpPu-
pUHA JI0CTaTOYHO, YTOOBI yroi cemsioodpazHoctu ¢ cocrtaBun 10—15°. OnHako Ha
caMOM JIeJie yToJI CeUI000pa3sHOCTH BaphbUPYETCs B MIUPOKUX MPEAesax U Ui HEKO-
TOPBIX MPOU3BOAHBIX TOPPUPUHOB 0Opa30BaHUE JIBAXK/Ibl TPOTOHUPOBAHHOU (HOPMBI
compoBoXaaeTcs: (OPMUPOBAHHUEM CEII000pa3HOro KoHdopMepa ¢ yriioM ¢, mpe-
Boimaronum 30°. [Ipu 3ToM MakcUMallbHAsl aMIUTATYAa CEI000pa3HbIX UCKaKEHUN
oOHapyKeHa i1 MOJIEKYN, Y KOTOPhIX B C,-TIOJIOKEHHSIX MAKPOIMKJIIA MMPUCOETUHE-
HbI apuibHble (hparMeHThl. CTENeHb HEMJIOCKUX MCKAaXEHUH MaKpOIMKJIA U CTENEHb
KOIUITAHAPHOCTA MAaKpPOLMKJIA M apUIbHBIX 3aMECTUTEJEH, MPUCOCAUHEHHBIX B Cy-
MOJIOKEHUSX MAaKpOIMKJIA, B3aUMOCBs3aHbl [2]. CHHEPTU3M HaKJIOHA MUPPOJIBHBIX
Kozer (Yyrojl () ¥ MOBOPOTa apUibHBIX I'PYIIT OTHOCHTEIBHO CPEAHEH IUIOCKOCTU
Makponukiaa (yron ©) mnpu o00pa3oBaHMHM JBaXAbl IMPOTOHUPOBAHHBIX (GopM
5,10,215,20-apmn3aMenieHHBIX MTOPGUPHUHOB MPUBOAUT K (GOPMHUPOBAHUIO CEII000-
pa3HOro KoHQopMepa, C MaKCUMaJIbHBIM YIJIOM HAaKJIOHA MUPPOJBHBIX KOJEI[ (.
K Bblliecka3zaHHOMY cieayeT A00aBUTh, YTO AJIEKTPOHHAS KOMMYHHUKALUS MEXIY
apOMaTUYECKUM 3aMECTUTEIEM M MaKpOIIMKIOM H3MEHSAETCS MpPU U3MEHEHUU JIBY-
TpaHHOTO yria O mpu Mexay ux miockocTsmu [3]. [ToaToMmy B3amMHash OpUEHTALIUS
MaKpOIMKIIA U 3aMeCcTUTeNel sBIsAeTCA (PAKTOPOM, MOIYIUPYIOUIUM AJIEKTPOHHYIO
KOMMYHUKAIMI0O MEXAy HUMU. OUEeBUIHO, YTO CTPYKTYpHBIE HapaMeTrpel ¢ u 0
JTIOJDKHBI OBITh YUTEHBI B PYHKIMSX f1(xX) U fH(X).

B ciyyae cBOOOJHBIX OCHOBaHUI KOPPOJIOB HEIIOCKAss KOH(GOpMAIHs TeTpanup-
POJILHOTO MaKpOILIMKJIa OOYCIIABIMBAET PA3IMYHYI0 PEAKIMOHHYIO CIIOCOOHOCThH OT-
JEIBHBIX MUPPOJIBHBIX KOJEI U NPUBOAUT K HEOOXOAMMOCTH Ha3HAUYCHUSI COOCTBEH-
HOM (pyHKIMM f{x) I ONMMCaHUS MPOTOHUPOBAHUS Kaxaoro u3 Hux. CocrosiHuE C
TpeMsl TIPOTOHAMH B SJIPE MAKPOIMKIIA SBISECTCS HEYCTOWMYMBBIM M O0YyCIIAaBIMBACT
BBIPAKEHHBIE KUCIOTHBIE CBOMCTBA CBOOOHBIX OCHOBAHUW KOPPOJIOB: OJIMH U3 TPEX
IPOTOHOB B SIIPE€ MAKPOILMKJIA KOPPOJIA MOXKET OTHOCHTENBHO JIETKO AMCCOLIUUPO-
BaTh B MOJIAPHBIX ANPOTOHHBIX PACTBOPUTENAX [4], mpUYEM KOppEsus MEXIY
CMEIICHHEM KHCIOTHO-OCHOBHOTO PaBHOBECHS B SIIPE MAKPOIMKIIA U KAKUM-TTHOO 13
AMIUPUYECKUX MapaMeTPOB, OMHUCHIBAIOIIMX OCHOBHOCTH JIMOO MOJIAPHOCTH PACTBO-
putens, orcyrcTByeT. OueBUIHO, YTO TpeOyeTcs MpUBJICUEHUE MHOTOIapaMeTpuye-
CKOM MOJIEJH B3aUMOJICUCTBHIM, MPUYEM JOJDKHA OBITh YYT€HA HEYCTOMYUBOCTh CBO-
OOJTHBIX OCHOBAHHI KOPPOJIOB, BEIPAKAIOIIYIOCS B CTAOMIM3AIIMK CBOOOIHOTO OCHO-
BaHMS B OYEHb CHEUU(PHUECKUX YCIOBHUSAX MUKPOOKPYXEHUs, KOTOpass OyJer ompe-
JENATHCS B3aUMOJICHCTBUEM Ka)KJ0TO M3 MUPPOJIBHBIX KOJIEIl C MOJIEKYJIaMU pacTBO-
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putens. [lockonpky r00ast MoJieKysia pacTBOPUTENs 001aaeT Kak OCHOBHBIMHU, TaK
U KHUCIOTHBIMA CBOWCTBAMH (CITOCOOHOCTBIO BCTYIATh B MEXKMOJICKYJSIPHBIC B3au-
MOJICMCTBHS BBICTyIAs JIMOO aKIENTOpPOM, JIHOO TOHOPOM MPOTOHA B 0Opa3oBaHUU
BOJIOPOJTHOM CBSI3M), TO PE3YyJIbTAT MEXMOJICKYJSIPHOTO B3aUMOJICHCTBUS MPU COJIb-
BaTallid MOJIEKYJaMU OJTHOTO M TOTO K€ pacTBOpUTENS OyAeT CyIIeCTBEHHO 3aBH-
CeTh OT CTPYKTYpPhI MOJICKYJ. JlempoTOHHpOBaHWE MAaKpOIMKIA KOPpOJa CICAYET
omHcaTh C MOMOIILI0 (QYHKIMHU g(X), TOrjJa CTAaOMIM3alKs CBOOOJTHOTO OCHOBAHUS
KoppoJia OyaeT onpenensarbest (GyHKIUEH, NpeacTaBIsonEeld co00i TUHEHHYI0 KOM-
ounaruio GyHkiui f(x) u g(x). BecoBble k03¢ HUITMEHTH B TUHEHHOW KOMOWHAIIUH
IBYX QYHKIUNA OYAYT ONPEACTAThCS KOJTUIECTBOM MUPPOIBHBIX U MHUPPOJICHUHOBBIX
KOJIell, KOTOpble COOTHOCATCS Kak 3:1 (B HopMupoBanHOU ¢dopme 0,75:0,25), u
byakmus coctostHusA 3amumiercs B Buae S = 0,75f(x) + 0,25¢(x). Ecnmn B kadecTBe
byukuuid flx) nu g(x) ucnonas3oBarh napamerpbl Kamiera-Tapta o u [, KoTOpBIE

OMUCHIBAIOT CIIOCOOHOCTH PACTBOPUTENS JIOHUPOBATh JIMOO aKIENTHUPOBATH MPOTOH
JUIsi 00pa30BaHMsT MEKMOJCKYISIPHON BOJOPOIHOM CBS3U C PACTBOPEHHON MOJIEKY-
JIOM, TO BBIPAXKEHHE MOKHO MCIOJI30BaTh JIJIsl UCCIIEIOBaHUsI OOHAPYKEHHOU paHee
3aBUCHUMOCTH COCTOSIHHS SiJpa MAaKpOILMKIIAa KOPPOJIOB OT MPUPOABI pacTBOpUTENS [4].

AHaJIN3 SKCIEPUMEHTAIIBHBIX PE3YJIBTATOB C IOMOIIBIO TAHHOW MOJENH NOKAa3al,
YTO COCTOSIHHUE SiIpa MAKpOLMKJIIA AEHCTBUTEILHO OMKUCHIBAETCS MPEII0KEHHON MHO-
TOLIEHTPOBOW MOJIENBIO B3AUMOJCUCTBHUM [5].

PaGoTa BrInoHEeHA TIpU GUHAHCOBOM Mozepx Ke ['ocyaapcTBEHHON TTPOrpaMMbl
Hay4dHbIX HccienoBanuil Pecnyonuku benapyce «Kouseprenmust 2025» (moampo-
rpamma «MexXAUCIUIITIMHAPHBIE UCCIEA0BAaHUS U HOBBIE 3apOXKAAIOIINECS TEXHOIO-
runy, 3aganve mudp 3.03.10 (HUP 2)) u rpanta [Ipesuaenta Pecnyonuku benapych
B c(hepe Hayku Ha 2023 ron (HayuHbIi pykoBoautenb — Kpyk H. H.).
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