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nocTaHOBKa 6onbllll!HCTBa 8KCITep11MeHTOB Ha ITY'!Kax '!aCTl!U 

coapeMeHHblX YCKOPl!Tenell: HeMucm1Ma 6e3 ITPl!MeHelll!H paAl!OSneK­

Tp_OHl!KI!, Bo MHOI'l!X OIThITaX OCHOBHYIO ponb B ITpoueccax BbIAene1111g 

'1!3yqaeMOI'O B3al!MOAell:CTBl!H I!. peI'l!CTpaUl!I! ITapaMeTpOB y'laCTBYIO­

llll!X B HeM '!aCTl!U l!I'pa10T sneKTPOHHhre MeTOAhl, 

TTpl! pa3pa6oTKe sneKTpOIIHOll aITITapaTyphr, ITpeAHa3Ha'!eHHOll 

AnH l!CITOnb3OBaHl!H B OITb!TBX Ha ITy'!Kax, ITpl!XOAl!TCH Y'll!Tb!BaTb 

TaKoll: cneu11¢H'leCKl!H ¢aKTop, KaK HepaanoMepHoe pacITpeAenenl!e 

'!aCTl!U ITO apeMeHI! B ITY'!Ke yCKOpl!Tenn. BpeMeH11ag CTPYKTypa 

ny'!KOB cymeCTBeHHO 3aBl!Cl!T OT Tl!ITa ycKOpl!Teng, I! AB)Ke Ha OA­

HOM I! TOM me yCKOpl!Tene OHa MeHHeTCH ITPI! ITepeXOAe OT ITy'IKOB 

OAHl!X '!aCTl!U K npyrl!M, B CBH31! C 8Tl!M ITpeACTaangnocb mena­

Tenbllb!M ITony'!eH11e caeneHl!ll O apeMeHHOH CTPYKType ITpl!Me!ll!­

TenbHO K ITY'IKBM '!aCTl!U Cl!HXpOUl!KnOTpOHa 0!1.H!1. 

!1a MHOI'O'll!cne1111hIX ao3'Mom11ocTeil coapeM,:i°niiori panHosneK­

TpOHl!KI! B 8KCITepl!MeHTax Ha ITy'!KaX 'laCTl!U OT YCKOpl!Tenei\ Ha 

cpennl!e I! BbICOKl!e 8Hepr1!1! Hal!6onbll!ee pa3Bl!Tl!e ITony'll!nl! MeTo­

AhI ceneKUl!I! l!MITynbCOB ITO apeMelll!, oco6eHHO ·B HaHoCeKyHAIIOH 

o6naCTI! Anl!Tenb!IOCTei\ I! l!HTepaanoa, no Mepe OCBOelll!H 8TOI'O 

Al!aITa3OHa 11enocTaTO'!HaH llll!POKOITOnocHOCTb 11eKOTOpbIX 1!3 ITaC­

Cl!B!lhlX :ineMe!ITOB BbIC_OKO'laCTOTHOI'O TpaKTa Ha'!l!HaeT orpaHl!'ll!­

BaTb 6hICTpOAell:CTBl!e I! pa3pelllaIOlllYIO CITOC06HOCTb cxeM, 3To 

o6CTOHTenbC.TBO 3aCTaBngeT ITOAXOAl!Tb K BbI6opy ITaCCl!BHbIX sne­

MeHTOB TpaKTa 6onee CTporo, '!eM AenanOCb paHbllle, Ebinl! ITpO­

aeneHhl 11ccnenoaaHl!H pgna TaKl!X sneMeHTOB (KOaKC1!8Ilbllbie Ka-
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6enu, Bb!COKO'IaCTOTHbie pa3'b0Mbl H np.). TT pH 3TOM npencTaBmI­

nOCb uenecoo6pa3Hb!M CO'IeTaHHe paC'I0THblX M0TO/:l0B C 3KCilepH­

M0HTOM. ..,. 
nnccepTaUHS! COCTOHT H3 BBeneHHS!, Tpex rnaB, 3aKnIO'I0HHsi 

H npnnolK0HHSI. 

I]epBaSI rnaBa IlOCBl{IUeHa H3Y'I0HHIO BpeMeHHOH CTpyKTypbl 

IlY'!KOB qacTHll, BbIBeneHHbIX H3 CHHXpOUHKnOTpoHa na6opaTOpHH 

sinepHbIX npo6neM OHHH. 

CHHXpOllHKnoTpOH, KaK H Bee ycKopHTenH npOTOHOB Ha cpen-
! 

HH0 H BbICOKHe 3HepI'HH, pa6oTaeT llHKnH'l0CKH. BpeMeHHaSI CTPYK-

Typa BbrneneHHb!X ny'!KOB HMeeT J:lBOilHyIO nepHOAH'!HOCTb, CBSI3aH­

HYIO, BO-nepBbIX, C 'laCTOTOil IlOBTOpeHHS! llttKnOB ycKopeHHS! -

"MaKpOCTpyKTypy"' H, BO-BTOpbIX, C 'laCTOTOH yCKOpS!IOIUero HanpSI;. 

lK0HHS! - "MttKpOCTPYKTypy". TTepHO/:lbl o6enx CTPYKTyp pe3KO 

OTnH'!aIOTCS! npyr OT npyra. 

3HaHne napaMeTpOB MaKpocTpyKTypbl ny'!Ka Il03BOnSieT paCC'!H­

Tb!BaTb aarpyaKy neTeKTOPOB H BXOJ:!Hb!X uenefi annapaTypb! H BBO­

AHTb nonpaBKH Ha npOC'l8TbI, CBSI3aHHhie C MepTBb!M BpeMeHeM 

OT/:l8nbHbIX yanOB anrrapaTypbl, 3TH CB0/:l8HHS! TaK)Ke He06XOJ:lHMbl 

npn KOHCTpyHpOBaHHH 3KCnepnMeHTanbHb!X ycTa'.10BOK, pa6oTa KO­

TOpb!X CHHXpOHH3HpOBaHa C '!aCTOTOH IlOBTOpeHH~ llHKnOB ycKope~ 

HHS!, 

BpeMeHHaSI MaKpocTpyKrypa nayqanacb enHHhIM nn11 Bcex 

/1/ 
ny'!KOB MeTonoM • EnoK-cXeMa annapaTypbI npencTaBneHa Ha 

pnc. 1. '· 
Ha pnc, 2A H 2E noKa3aHbI H3MepeHHhie p~cnpeneneHHSI nn11 

BbIBeneHHOI'O ny'!K8 MIOOHOB (cpenHe~ BpeM~ Bbrnona 620 i:iKceic) , 

H nn11 IlY,iKB. npOTOHOB (BpeMI! BbIBOJ:!8 160 MKC0K), Ha ycKOpHTe­

ne nHn c uenbIO YM8Hblll8HHS! aarpy3KH BXOJ:!Hb!X 6noKOB annapa­

Typbl npn coxpaHeHHH nonHoil HHTeHCHBHOCTH 6bm ocyIIIeCTBneH 

· /16/ · 
OpHI'HHanbHb!H cnoco6· MenneHHOI'O BbIBOna ny'!Ka • 3TOT cno-

co6 Il03Bonnn yBenH'!HTb npononlKH1'enbHOCTb BblBOJ:la Me30HOB 

no 2 ,5 MCeK, '!TO BHJ:lHO H3 pnc. 2B. 

3HaHH0 BblCOKO'!aCTOTHOH CTpyKTypbi ( MHKPOCTpyKTYPbI) ny'l­

KOB Heo6xonHMO nn11 KonH'leCTB0HHOH Oll8HKH "MI'HOBeHHoil" aar-
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P11c,2, A. MaKpocrpyKTypa Bhrne11eHHoro ny'lKa MIOOHoB. 

B. JV,aKpocTpyKTypa BhlB0/l0HHOro llY'lKB rrpoTOHOB. 
B. MaKpocTpyKTypa rry'lKa MIOOHOB, Bhrne11eHHoro 

C IlOMOIUblO .,pBCTSl>KKH'. 
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pyaKn annapaTyph!, C <jiopMOll HMnynbCa MHKpOCTpyKTyphl CBH3aH 

Bb16op aenn'lliHhl HeKOTOpb!X napaMeTpOB aneKTPOHHhlX . 6nOKOB, 

Hanpm.iep, MepTBOI'O apellileHn <jlopMnpoBaTenell, B psme cnyqaea 

Hann'lne TaKoll CTPYKTYPbI ncnonhayeTcsr .nnsr ceneKlllln qacTnll no 

apeMeHn nponeTa, 
0

8 nnccepTaUHH CO.QepmnTCH o6aop M8TO.QOB 1!3MepeHl!H MHKpO­

CTpyKTyph! ny'IKOB OT ycKopnTenell Ha cpe.nHne H· BhICOKHe 8Hep-

L1m1 nay'!eHl!H BpeMeHHOl! MHKpOCTpyKTyph! ny'IKOB CHHXpo­

llHKnOTpOHa 011 fll1 HaMI! 6bm paapa6oTaH HOBblll MeTO.Q c ncnonb-

30BaHneM MHOI'ony'!eaoI'o ocunnnoI'paqia, To'!HOCTh ·npe.nnomeHHOI'O 
/1 2/ 

MeTo.na ' He casraaHa c paapewa10mell: cnoco6HocTblO cxeM 

coana.neHnll, a onpe.nensreTCH B OCHOBHOM H.Q8HTH'IHOCTblO KaHanoa 

ocunnnoI'pa<jia. n' <jinlOKTyaUHSIMH <jlpOHTOB l!MilynbCOB 4>3Y •. noaTo­

MY OTil8.Q8IOT nonpaBKH Ha CBOllCTBa CXeM coami.neJI'nll, C ·tJeM 

npnXO.QHTC H l!M8Tb .neno B HeKOTOpbIX .npyI'HX MeTo.nax. OTcyTCT­

BYIOT TaKme HCKameHnH, Bbl3BaHHbie HeCTa6nnbHOCTblO MOMeHTa 

aanycKa ocunnnoI'pa<jia, He.nocTaTKOM HaweI'o MeTo.na sransreTCH 

IlOBhillleHHaSI Tpy.noeMKOCTb o6pa60TKH peaynbT8TOB 1!3MepeHnll, 

Ha pnc,. 3 npe.ncTaaneHa 6noK-cxe~a onhITa, 

O.nHa na <jloTOI'paqinll c SKpaHa ocunnnoI'paqia npnBe.QeHa Ha 

pnc. 4. 11aMepsinoCb paCCTOSIHHe OT TO'IKH A nepece'!eHHH BOCXO­

.QH!Uell BeTBH CHHYCOH.Qhl co BTOpb!M ny'IOM AO TO'IKII B nepeceqe­

HHH KaCaTenbHOll K <jlpOHTY liMnynhCa qJOTOYMHOmnTensi C npo.non~ 

meHneM TOI'o me nyqa, Ilepno.n 'cnHycon.nhl { oTpeaoK ny'la AC) 

H3Mepsrncsr qepea Kam.Qhle 100 Ka.QpOB, OTHoweHne 0Tpe3KOB 

AB Ii AC .QaBano OTHOCHTenhHYIO qiaay MOMeHTa npnxo.na '18CTHllbl, 

A6con10THasi <jiaaa He onpe.nensinacb, To'!HOCTh naMepeHnll { BKmo­

'!aH npoCMOTp) COCTaansina !0,8 HCeK, BceI'O 6'hmo o6pa6oTaHO 

10000 qJOTOI'pa<jinll. 

Pnc.4, <l>oToI'pa<jinsi c aKpaaa MHOI'Ony'leaoI'o ocunnnoI'paqia, 
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l13MepeJUISI Ml!KpOCTpyKTYPhl npOB0Al!Ill!Cb Ha ny'IKaX npOTO­

H0B, MJOOH0B II n110H0B, Bee onhIThl Bh!Il0nHeH.hl Ha nonHoli: IIHTeH­

CIIBHOCTII BHyTpeHHeP0 'ny'IKa ycK0pl!Tenn, B Ha'lane II KOHUe npo~c 

uecca BhJB0A8 .< C00TBeTCTBeHH0 T0'IKII H II K Ha pnc. 2A). 

ce 

~3MepeHHble pacnpeAeneH,IISI l!HTeHCl!BH0CTII B MIIKPOl!Mnynh­

BbJBeAeHHhlX BT0pl!'IHhlX ny'IK0B l!Me!OT BIIA aCIIMMeTpll'IHhlX 

nl!K0B CO CpeAHeli: llll!pl!HOH 12-15 HCeK, llnn BhrneAeHHOPO ny'IKa 

npoTOH0B pacnpeAeneHl!e Cl!MMeTpll'IH0, ero M0lKHO annpOKCl!MII-

p0B8Tb rayc.coacKoli: Kp11aoli: co cpenHeKaanpaTl!'IHhIM pa36pocoM 

a = 5,5 HCeK. 

M11Kp0CTpyKTypa paCTSIHYT0PO ny'IKa BT0pl!.'IHhlX 'laCTIIU ll3Y-

'lanacb np11 noM0lllll c11cTeMhJ 3aneplKaHHhJX coananeHnfi, Bh!no 

noKa38HO 0TCYTCTBl!e nep110Al!'leCKOll CTpyKTyphl BO BTOpOM Wl!pOKOM 

n11Ke MaKp011Mnynbca l!HTeHCl!BH0.CTII ( pnc •. 2B), 

Mbl 11cnonb30Ban11 MeTOA 3aAeplKaHHhlX coananeHl!ll B naH-

H0M cny'lae nm1 nony'leHl!SI Ill!lllb Ka'leCTBeHHOH l!HtpOpMaUIIII, Bo 

MHOPIIX npyrnx pa6oTaX OH np11MeHS1eTCSI AilSI KOill!'leCTBeHHOll 

oueHKII HeKOT0pbIX 8KCnep11MeHTailbHhIX aenl!'IIIH, Hanp11Mep, cpoHa 

cny'laHHhJX coanaAeHl!ll, KOT0pb!M conpOBO)KAaeTCSI 113y'laeMhlll npo­

uecc, Benll'll!Ha cpoHa, l!3MepeHHaSI TaKl!M;_.o6pa30M, COAeplKl!T B 

ce.6e He6onbWYJO c11cTeMaT11'1eCKY!O OWl!6Ky, a l!MeHHO: CKOpOCTb 

C'leTa Aeli:CTB11TenhHoro 'll!Cna cny'lali:HhIX coananeH11li: acerna MeHh­

we cKopocTI! c'leTa cny'lali:HhIX, coananeH11li:, l!3MepneMhIX c no-

MOUlb!O 3aneplKKII, 
/4/ 

B n11ccepTaUIIII npl!B0ASITCSI pac'leTHbie COOTHOWeHIISI 
··. ' . ' 

no3BOnHJOUll!e y'leCTb STY OWl!6Ky AilSI ABYX BCTpe'laJOWIIXCSI cxeM 

aKcnep11MeHToa: 1) l!3MepeH11e nornomeHIISI ny'IKa 'laCTIIU paccenaa­

TeneM 11 /, 2) 1!3MepeHne Kpl!BOll pa3peweHIISI no OAHOMY 113 C'le.T-

'll!KOB TenecKona, 

BTopan rnaaa A11ccepTau1111 nocanmeHa aonpocy 06 11cKalKe-

H1111 cpopMhl .c11rJ1anoa .HaHoceKyHAHOfi Aill!T~nhHOCTII npn npoxolKAe­

HIIII IIX no OTpe3KaM K0aKC11anhHh!X Ka6eneli:, '.J:aK11e Ka6en11, CBSl-

3b!Ba!Ollll!e neTeKT0ph1 c 6n0Ka·M11 per11cTp11py10meli: annapaTyph1, cTa­

n11 cymeCTBeHH0H 'laCTb!O 8KCnep11MeHTanbH0PO o6opynoaaHl!SI B 

8 
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I 
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\ 

onbITaX Ha ycK0pl!Tennx. TTOMl!MO ST0PO, K0aKcnanbHhJe Ka6en11 

11cnonb3YJOTCSI KaK C0eAIIHl!TenbHbie aneMeHThl MelKAY MOAynhHhIMII 

6n'oKaM11, ,a TaKlKe B Ka'leCTBe. npeUl!3l!0HHhlX Ill!Hl!li: 3aAeplKKI!. 

CymeCTByJOJUaSI TeOpl!SI nepeX0AHh!X npouecC0B B K0aKCl!anh-

/14/ . 
HOM Ka6ene n03BOnSieT HaHTil BIIA nepeXOAHOH xapaKTepl!CTll-

•KII KaK np11 CTp0POM Y,teTe acex KOMnoHeHT 3aTyxaHHSli TaK II Ha 

ocHoaaH1111 Tex nn11 l!HhJX ynpoma10mnx npennonolKeHIIli:, OAHaKo 

nepeX0AHhJe xapaKTCPIICTHKII HenocTaT0'IH0 HaPnSIAHhl i:tmi tplI31I­

Ka-aKcnep1IMeHTaTopa, noCKOnhKY Ha IIX 0CHOBe TPYAH0 cnenaTb 

KOill!'lecT'i;eHHhJe oueHKII CIICTeMaTl!'leCKIIX own6oK, B03Hl!Ka10mnx 

B SKCnepl!MeHTe II o6ycnotineHHh!X l!CKalKeHIIS!Mll cpopMbl pa60'IIIX 

CHPHanoB, 

4T06bl fl,OM0'lb cpn31IKy-aKcnep11MeHTaTopy npn Bb16ope K0aK­

cnanbHOPO Ka6enn nnn npoBeAeHl!SI HOBhIX 9KCnepnMeHT0B, HaMII 

- /8 9/ . 
cocTaaneHhI cnpaao'1Hh1e noco611;n ' , coAeplKamne B rpacpn'lec:.. 

K0M Bl!Ae MaTep1IanhI no l!CKalKeHII!O cpopMbl Ha116onee 'laCTO npnMe· 

HSieMblX CHPHanoa. 

TTpn pa6oTe Han nporpaMMoli: B nepay10 oqepenb 6bm11 y'ITeHhI 

cneu11cp11qecK11e 11HTepecb1 cp1!31!KOB, pa60Ta10mnx Ha ycKopnTenSIX, 

OnHaKO nporpaMMa nocTpoeHa TaK, 'ITO nonycKaeT BBeAeHne HOBhlX 

6nOKOB, onl!Cb!Ba!Ollll!X cpopMbl CIIPHanoa, xapaKTepHhle nnn npyrnx 

o6nacTeli: aKcnepnMeHTallbHOH cplI3l!KII, 

B OCHOBY Bhl'lllCill!TellbHOPO anropnTMa nonolKeHhl cneny10m11e 

npennocbinKII, HcKalKeH11S1 cpopMhI CIIrHanoa npn nepena'le nx no 

KOaKcnanhHOMY Ka6en10 o6ycnoaneHhI conpoTnanemieM BHewHero 

II BHyTpeHHePo npOBOAHHKOB II noTepSIMil B n11aneKTp1IKe. CoOTHO­

weH11e M8lKAY 06011Mn Bl!AaMI! noTepb 3aBl!Cl!T KaK OT KOHCTpyK­

llllll Ka6enn, TaK II OT 'laCTOTHOPO cneKTpa nepenaaaeMOPO Cl!PHa­

na, Ha qacToTax nop·snKa necSITKOB Merarepu npeo6nana10T n0Tep11 

B npOBOAHIIKaX, no Mepe nOBblllleHl!SI 'laCTOThl Ha'll!HaJOT CKa3bIBaTb­

CSI n0Tep11 B n11aneKTp11Ke, Benl!'ll!Ha 3aTyXaHl!SI B HeM pacTeT 

6bICTpee, 'leM 3aTyXaHne ·B npoBOAHl!Kax. ConpoTnaneHne npoaon-

HIIKOB R npencTaanneT co6oli: KOMnneKcHy10 aenlI'lllffY, nponop-

Ul!OHanhHYJO KBanpaTH0MY K0pHI0 113 'laCTOThl 
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I'Ae 

R=a (i;,,)Il2 
0 • 

a O - KOSq>q>11u11eHT, onpeAen51eMblll KOHCTPYKUl!en Ka6en51, 

ilnSI pacqeTa Al!SneKTp11qecKl!X noTepb aeo6XOAl!MO 3HaTb 

qaCTOTHYIO _3aBl!Cl!MOCTb tg O • no n11TepaTypHb!M AaHHb!M tg 0 

'"' 

npaKTl!qeCKI! noCTOSIHeH B 06nac·T11 qacToT AO 3 rr-u _AnSI q>Topo­

nnaCTOBOH 1!30n51UIIII, 11 AO _HeCKOnbKl!X COTeH MeI'aI'epu AnSI non11STll­

neaa. np11 AanbHenweM nOBb!llleHl!II qaCT0Tbl yr-on noTepb B03pac-

TaeT, C11r-aanb1, KOTOpbie nepeAaIOTCS! no KOaKc11anbHblM Ka6e-

nSIM OT C0BpeM~HHhlX AeTeKTOPOB SIAepHb!X 113nyqea11i1, l!Me!OT qipoHT 

nopSIAKa. OAHOH HaHoceKyHAhl, HcXOAS! 113 9TOI'O, B AanbHeHlllllX 

pacqeTaX aennqnHa . tg o 6bma npllHSITa noCTOS!HHOH, 

Koaqiq>nu11eHT nepeAaq11 OAH0POAHOI'0 0Tpe3Ka Ka6en51 AllllHOll 

f , aar-py)KeHHOI'O Ha aKTIIBHoe conpoTnaneane, paBHoe Bonao­

BOMY, MO)KeT 6b!Tb 3anncaH, npn HeKOTOpblX ycnoBllSIX, B cneAyIO- · 

men q>opMe: 

K (j <,) ) = exp ( - f ay j <,) ) • exp ( - bf eu ) • 

Bennq11ab1 a II b onpeAenSIIOTCS! 0AHllM 113 ABYX cnoco6oB, 

nepBblll - npSIMOH, C 11cnOnh30BaH11eM caeAeHl!ll 0 I'eOMeTp11qec­

KllX pa3Mepax Ka6enSI ll aneKTp11qecKl1X CBOHCTBaX npOBOAHllKOB, 

TaKllM cnoco6oM Bb!IlOnHeHbl pacqeThl ·a 6onblllllHCTBe ony6n11Ko­

BaHHblX pa6oT, OH AOCTaToqHo npocT, HO Tpe6yeT 3HaH1!51 HeKOTO­

pb!X KOHCTpyKU!!OHHbIX napaMeTpOB Ka6enSI, qro He BCeI'Aa AOCTyn­

HO 9KCnep11MeHTaTopy. 

npeACTaBnsieTCS! 6onee )'A06Hb!M KOCBeHHblll MeTOA onpeAene­

HIIS! llHTepecy10111nx aac Ben11q11H ll3 qaCTOTHbIX xapaKTepllCTl!K 

Ka6en51, KOTOpble 06hl'IHO np11BOA51TC51 B cnpaaoqa11Kax, nn6o MO­

I'YT 6b1Tb 11aMepeHb1, 

O6paTllMCSI K p11c, 5. -Ha aeM 11ao6pa)KeHa qacTOTHaSI xapaK­

Tep11cr11Ka Ka6enSI. no oc11 opA11Ha:T B nor-ap11q>M11qecKOM Mac111Ta6e 

orno)KeHo aaryxa1111e A, Bhipa)KeHHoe B nor-apnq>M11qecK11x eAIIHll­

uax (Aeu116enax), a no oc11 a6cu11cc - nor-ap11q>M -qacTOThI, B Ta-
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Pnc,5. 4acTOTHa51 xapaKTepllCTllKa K0aKcnanbHOI'O 'Ka6en51, A -
Kpl!BaSI nonHhl~ noTepb, Ac - Kpl!B£l51 norepb B npOBOA­

Hl!Kax. 

KIIX KOOpAllHaTax xapaKTepllCTllKa Ka6ensi B o6nacTll Hll3KIIX qaCT0T 

npeACTaBnSieT co6oi1 npSIMYIO nlIHII!O, OTKnOHeHIIS! OT npSIMOH 11aq11~ 

HaIOTCS! TaM, .I'Ae noTep!I B A1ISneKTp11Ke Ad aaqu11aIOT BHO-

Cl!Tb cymeCTBeHHY!O A0nIO B nonHbie n0Tep11 A. 3KCTpanonsiunei1 

ll3 o6nacTII HII3K!IX qaCT0T nonyqeHhl 31!aqeHII51 noTepb B np0B0A­

Hl!KaX .AC (nyHKT!IpHaSI ll!IHIISI) AnSI BbiC0KllX qaCT0T. B AIICCep­

TBUllll npl!B0A51TC51 qiopMynhI, n03BOnSIIOIJllle BbJq11cJ11!Tb Koaq>qi1mnen­

Tbl a II b no 113MepeHHbIM aaryxa1111SIM Ac ll Ad= A-Ac. 

TaKllM o6paaoM, anr-op11TM onpeAeneHllSI q>opMbI c11r-aana cae­

AeH K. cneriy10111ei1 nocneA0BaTenbH0CTII onepau11n: Bb1q11cnea1110 

Koa'qiqi11uneHTOB, xapaKTepn3y10umx KOaKc11anbHbIH Ka6enh, Bb1q11cne-

111110 l!MnynbCHOll xapaKTep11CTIIKII II nocneA0BaTenbH0MY HffX0)KAe­

Hll!O llHTer-panOB 

t . 
u ( t ) = J U BX ( T ) V ( t - T ) d r 

BhIX. • 
0 

B Ka)KAdll Tpe6yeMOH ToqKe Ha 0CII BpeMeHII, 
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/10/ 
Anr-opliTM pac'ieTa 6bin peannaoBaH B BHAe npor-paMMbI 

Hanncannoii nm1 MawnHbI Tnna M-20 (E3CM-4). C uenb10 yMeHb­

weHnH KonnqeCTBa HH<pOpMaUHH, BBOAIIMOii Ka)KAbiii pa3 B Maw11Hy, 
:;· 

oxaaanocb uenecoo6pa3HbIM cHa6n11Th npor-paMMY 6116n110TeKoii 11c­

XOAHbIX naHHbIX nng Ha116onee 'iaCTO BCTpe'iaIOIUHXCH B npaKT!!Ke 

BapnaHTOB pac'ieTa. B Hee BXOAHT CBeAeHHH O Benn'iHHaX 3aTy­

xaHnii nng 12 TllllOB Ka6eneii ll Ta6n11ua AllllH 0Tpe3KOB (12 3Ha­

'ieHnii). KpoMe TOI'O, B 6116nnoTeKy BBeAeHbl nonnpor-paMMbI, ll03BO-

llHIOIUlle OllllCbIBaTb BXOAHbie B03AeiiCTBIIH iJ H8CKOllbKIIX Tllll0B 
BX 

( npHMOYI'OllbHbiii CHI'Han, Tpeyr-onhHblii CHI'Han, CHI'Han npOH3BOllb­

HOii qiopMbI, aanaHHbrii B B~Ae Ta6n11ub1 3Ha'ieHnii I t., U BX (t. ) I ' . ' 
II T.A.). 

n O onncaHHOii npor-paMMe npoBeAeHO 6ollbWOe KOllll'ieCTBO 

pac'ieTOB nepeXOAHblX xapaKTepnCTHK II HCKa)KeH11ii <pOpMbl HMnynh­

COB B Ka6enHx, np11MeHHeMb!X. B OCHOBHOM B OllbITaX Ha ycxop11Te­

nHX OH.RH ll HHCTIITyTa !pll311KII Bb!COKIIX 9Hepr-11ii. 

PeaynbTaTbl pac'ieTOB ony6n11KOB8Hbl B BHAe cnpaBO'iHHKa 
/8/ 

HcKa)K8HliH qiopMbl npHMOYI'OllbHb!X CIII'HanoB 6bmll paCC'illT8Hbl 

AllH AllllT8llbHOCTeii B 10 li 3 HCeK. llnllHbl 0Tp83K0B Bb16paHbl paB­

HbIMII 5, 10, 20, 50, 100 11 200 Mo 

llnH llp0B8pKli npaBlillbHOCTII paC'i8T0B 6b!llll nony'i8Hbl 9K­

Cll8pliM8HT8llbHbl8 nepeXOAHbie xapaKTep11CTliKll Ka6eneii paan11q­

Hoii AllllHblo l13MepeHHH npOBOAllllllCb Ha CTpo6oCKOllll'i8CKOM ,oc1rnn­

nor-paqie C co6CTB8HHbIM BpeMeHeM HapaCTaHHH OKOllO 0,3 HCeK. 

3xcnepliM8HTanhHaH ll paC'i8THaH nepeX0AHbl8 xapaKT8pHCTIIKli COB-

'· ·nanaIOT BO acex cnyqagx ynoaneTBOpllT8llbHO. C ll0MOIUb!O TOii )1{8 

npor-paMMbl 6bmll nony'ieHbl CB8A8HHH 06 HCK8)K8HHHX. TpeyI'OllbHb!X 
/9/ . . 

CHI'HanoB • PaC'i8Tbl npoBeneHbl nng ABYX TllllOB BXOAHbl_X CHI'-

HanoB. HMnynbC c KOpOTKIIM <ppOHTOM ( OT_ 1 AO 3 HCeK) n cpaBHH­

TenbHO MenneHHblM cnaAOM (10 Hcei) llMIITHpyeT BblXOAHOii CilI'Han 

ct>3Y npn er-o pa6oTe Ha H113KOOMHyIO HaI'pyaxy. 11 MITyJibC C qipoH­

TOM ll cnaAOM paBHOii nnnTenhHOCTII 11306pa)Ka8T CHI'Han <t>3Yi 

cqiopMnpoBaHHblii KOpOTK038MKHyThIM 0Tpe3KOM Ka6enH. Ha p11c. 6 

12 

,o 

QS 

11ao6pa)KeHbl B351Tbl8 H3 9TOii pa60Tbl pac'ieTHbie KpllBbie, noxa-

3bIB8IOIUll8 IICKa)KeHHH qiopMbl TpeyI'OllbHOI'O HMnynbca, , l!MeIOIU8I'O 

<ppOHT nn11TenbHOCTb!O 2,0 HCeK II cnan 10 HC8K B Ka6ene 

PK-75-4-11. 

UI., UI,,. 

"" s,. _.,,, 
14 

20.. 

j"O,,, 

100., 

PK - 1.5_- '1-11 
·'2:°jll: 2,0 HUH 

't° ,:n ,.• 10 H,eo<. 

JO ~- t11cu 

P11c.6. 11cK8)K6HllH TpeyI'OllbHbIX HMnynhCOB B Ka6ene PK-75-4-11 • 

TTpeJ:tCTaBnHeT IIHTepec • AOilOllHHTeIIbHOe aana3AbIBaHHe BepWII­

Hbl II ueHTpa_ TH)KeCTII IIMnynhca KaK cneACTBHe IICK8)KeHHH qiopMbI. 

OHO --~aBII_CllT OT AnllHbl 0Tp8:3Ka Ka6eng ll cneKTpanbHOI'O COCTaBa 

IIMllYllbCa, HeKOTOpbl8. KOlll!'ieCT_BeHHbI8 COOTHOWeHHH, xapaKTepn-
~ ~/ ~ . . 

ay10mne a'¼"¼'eKT, nony'ieHbI HaM11 BnepBbie- • .;:;,TO srnneH11e, aa-

MeTHoe B HaHOCeKyHAHOM nnan~30He Alll!T8flbHOCTeii CIII'HanoB, 

aacTaBnHeT OTHOCIITbCH OCTOpO)KHO K apeMeHHOii Kan116pOBKe an­

napaTypbl C llOMOIUb!O HMnynbca OT I'eHepa'Topa, eC/111 qiopMa, a 

CJI8AOBaTeJibHO, II cneKTpallh_Hblii COCTaB Kann6pOBO'iHOI'O l!Mnynbca 

OTllll'IHbl . OT qiopMbl pa6o'ieI'O HMnynbca, 

llpyI'IIM Ba>KHJolM o6croHTe_nbi::,TBOM, KOTOpoe . Hellb351 He Y'ill­

TbIBaTh, SIBllSI8TCH Hannq11e MenneHHOI'O cnana ( "xBOCTa") Ha Bbl­

xone Alll!HHblX OTpe3KOB xa6enH, 'iTO MO)KeT ll0Blll!HTb Ha pa60TO­

cnoco6H0CTb annapaTypbl_ np11 BblCOKOii 'iaCTOTe cnenoaaHl!SI CHI'Ha­

noa. Ecnn l!Mnynhc.AeTeKTopa nocne npoX0)KAeHl!H Ka6enhHOii n11-

HHII nonaepr-aeTCH aMllJIIITYAHOMY aHannay, TO yKa3aHHOe SIBneHne 

HaKJI8AbIBaeT or-paHll'i8Hl!SI Ha cpeAHIOIO CK0pOCTb nocTynneHHSI 

CIII'HanoB npn 3aAaHHOii TO'iHOCTll aHan11aa. 
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B TpeT&eit rnaae n11ccepTau1111 np11aeneHbI peayn&TaTbI 11c­

cnenoaaa11si l!Mnyn&CHblX xapaKTepHCTl!K H0KOTOpbIX aneMeHTOB 

BbICOKO'18CTOTHOro TpaKTa anrrapaTyphI. 
. ,<. 

TTocne Toro KaK KOaKCHanbHbie Ka6enbHbl0 n11a1111 CBSl31! CTa-

n11 HeOT'beMneMoll. 'laCTb!O 3KCnepl!M0HTanbHOll. ycTaHOBKII, nOBbl­

c11ncsi IIHTepec K nepeXOAHbIM CBOHCTBaM BbICOKO'laCTOTHbIX pa3'be­

MOB, KOTOpbIMII Ha'll!Hae'rcsi II OKaH'll!BaeTCSI npaKT1!'10CKII n106asi 

TaKaSI n11HHSI, 

no KOHCTpyKTl!BHbIM coo6paJK0Hl!SIM BOnHOBOe conpOTl!BneHl!e 

pa3'beMa notJTII acerAa no
0

nytJaeTCSI HeCKOnbKO M0Hblllell. aen11'll!Hbl, 

tJeM aonaoaoe conpoT11anea11e rronaonsim11x Ka6enell., HaMH. 6bmo 

/11/ 
npoaeneao 11cc11enoaaH11e B/IIIS!HIISI cTenea11 aecornacoaaHl!SI 

yKa3aHHbIX conpOTIIB/10Hl!li Ha nepena'ly aaHOCeKyHAHblX l!MnynbCOB, . . -

Pa3'beM, BO/IHOBOe conpOTl!B/10Hl!e KOToporo OT/IH'laeTCSI OT 

BOIIHOBOl'O conpoTl!B/10HIISI Ka6ensi, MOJKHO paCCMaTpl!BaTb KaK OT-

pe3OK /IIIHIIH C BOIIHOBbIM conpOTl!B/IeHHeM Z 
8

.
2 

, BK/1!0'10HHbill. 

a IIl!HIIIO c BOIIHOBbIM conpoTHBneHHeM· ZBl • TTpouecc o6paao-. 
BaHHSI npoxonS!llleli II OTpalKeHHOli Bona yno6ao paccMaTpHBaTb 

C noMOlllblO TaK Ha3hIBaeMoll. u CKpemeHHoli' AHal'paMMbI, H306pa­

·JKeHHOli Ha pHC, 7. A1•,1Il/1HTYAbl BbIXOAHOI'O CHl'Hana u 3 H OTpa-

!111acrnoK J !/11a&-rnOK 2 !/l(aC/"T'10K 3 

28, 

K12 Kz1 :::::-1- -
\ 

2 
l<lt Kzt K21,e . 

':>I -

'::::,I 
, 

1(12 "21 "212 

Puc,7. 'CKpemeirnasi' i:mal'paMMa, 
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·lKeHHOl'O ,CHl'Halia u I nony'la!OTCSI cyMMIIPOBaHH0M co. CABHl'OM 

no apeMeHH- COOTBSTCTBYIOlllHX cna!'aSMbIX Ha y'laCTKe 3 H 1. EbI-

1111 Hall.neHbl aMnlIHTYAbl npOIII0Alll0li II orpalKeHHOH BOIIH nm1 pa3-

IIH'IHhIX m (= Z 8 I Z ) 2 BI 
B cny'lae npSIMOYl'O/IbHOli IPOPMbl 

naAa10mell. aonHhI, OnpeAeneaa TaKiKe IPOPMa npo1IIeA1IIell. 11· orpa­

JKeaaoll. aona AIISI c111'aa11a, 11Me10mel'o mrneliHb1li IPPOHT t IP KO­

He'IHoll. AIIHT0/1bHOCTH. B Ka'leCTBS np11Mepa Ha p11c. 8 IIOKa3aHa 

3aBHCl!MOCTb MaKCl!M811bHOli aMn/IHTYAbl orpalKeHHOli BO/IHbl OT 

m 11 ·s (= t IP / 2 t. np2 J , I'Ae t np2 - _apeMSI npo6e!'a BOIIHbI 

no paa'beMy, 

u,,,airC'. 

o,s ~m:~ 

0,#-

o,-, 

qz 

0,/ 

0 
I 

qJ 

~· 
0.7 
0,6 
qg 

2 3/,5710 co .so 1,0' otJ /QO 
5- t4? --21~ 

Puc.8. 3aBHCl!MOCTb aMII/IHTYAbl ·orpalKeHHOli BO/IHbl OT m II s 

A/ISi IIl!HeliHOl'O IPPOHTa rraAa!Olll0H BOIIHhI. 

TTpoaeneHHble Bbl'IIIC/19HIISI noaaonsi!OT cnenaTb ABa BbIBOAl!: 

1. Bonaoaoe conpoT11a11ea11e pa3'beMa np11 aeo6xon11MOCT11 MO-' 

JKeT 6bITb Bbi6paHO MeHbllIIIM, 'ieM BO/IHOBOe corrpOTHB/10Hl!e Ka6e-

/1SI, 3TO o6CTOSIT0/1bCTBO II03BO/1Sl0T o6palll8Tb BHl!MaH11e Ha HaAelK­

HOCTb II TeXHOIIOl'l!'IHOCTb pa3'.b9Ma, CreneHb HSCOl'/IaCOBaHl!SI orr­

penensieTCSI norryCTl!MOli B0/Ill'll!HOH orpalKeHHOl'O Cl!l'Ha/Ia II l!CKa­

lK0Hl!SIMII IPPOHTa rrepenaHHOl'O Cl!l'Ha/Ia, .ansi IPPOHTOB AIIl!T0/1bHOCTb!O 

nopSIAKa enHHIIU HaHOCSKYHA BO3MOJKHO yMeHblll9Hl!0 BO/IHOBOl'O corr­

pOTIIB/10HIISI pa3'.b9Ma no 0,5-0,6 OT BO/IHOBOl'O conpOTl!B/10HIISI Ka6ensi. 
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2, ITp11 pa3pa60TKe llllll Bh16ope pa31,eMOB cnenyeT CTpeMl!Tb­

CSI K TOMY, 'lT06Li BpeMSI npOXOlK)leHl!SI IIMnyllbCa 'lepe3 pa3beM' 

6bmo B03MOlKHO MeHbllle, 
,'-

3T11 Bb!BO/lbl 6blllll SKcnep11MeHTallbHO nposepeHbl Ha pa31,e­

Max, KOTOpbie lllllpOKO np11MeHS1lll!Cb B per11cTp11pyrornell: annapaType, 

1!3POTOBlleH.'IOH B na6opaTop1111 SlllepHbIX npo6neM OHHl1 • 

8 CBSl31! C !lll!pOKIIM_ np11MeHeH11eM B annapaType TpaHcq:,op­

MaTopoB Ha q:,eppllTOBbIX cepne'lHl!KaX HaMII 6blll0 nposeneHO SKcne-

PIIMeHTallbHOe 11ccnenosaH11e BllllSIHIISI KOIICTPYKTIIBl!b(X napaMeTpOB 

npocioro TpaHcq:,opMaTopa (nse o6MOTKII Ha Topo11nanhHOM q:,epp11-

TOBOM cepne'lHIIKe) Ha Ka'leCTBO nepena'l11 

HOH /lllllTellbHOCTII, 

Cl!PH8ll0B HaHOCeKyH/l-

11CTO'lHIIKOM IIMnynbCOB cnylKllll re11epaTop Ha pTyTHOM pene. 

C11rHallbl nonaBalll!Cb Henocpe/lCTBeHHO Ha nnaC'fl!Hbl Tpy6K11; Ko­

lll!'leCTBeHHbie 1!3MepeHIISI npOBO/lllllllCb Ha naaCKOne np11 25-KpaT­

HOM ysen11'leH1111 nony'leHHblX qJOTOrpaq:,11ll:, Kam16pOBKa pa3BepTKll 

/5/ 
Tpy6KI! oc.;yllleCTBllS!llaCb C IlOMOIUb!O Kafun11 ' • 

BHa'lane 11ccnen0Banacb 3as11c11M0CTb Ka'leCTBa nepenaq11 

l!MnynbCOB OT cnoco6a BbIIlOllHeHIISI o6MOTOK Tpa11cq:,opMaTopa, O6-

MOTKII BbIIlOllHSillllCb cnenyJOIUHMII TpeMSI cnoco_6aM11: a) cnnomHaSI 

HaMOTKa, BllTKII BTOpl!'lHOH o6MOTKII nelKaT noBej:Jx nepBll'lHOHj 

6) cnnOIIIHaSI HaMOTKa, Bl!TKI! BTOpl!''lHOH o6MOTKI! llelKaT MelK/lY 

Bl!TKaMn nepBl!'lHOll; B) HaMOTKa C wa·r:oM, npoB0/la nepBl!'ll!OH 

ll BTOpll'llIOH o6MOTOK YKlla/lb!BaJOTCSI PS!llOM, HcnonHeHl!e o6l\IOTOK 

no' cnoco6y B) n03B0llSieT noH1!311Tb Bellll'lllHY co6CTBeHirnll eMKOC­

Tll np11 coxpaHeHl!I! _xopornell: CBSI3ll MelK/lY 06MOTKaM11, 8 HeKOTO­

poM np116nHlKeH1111 06'.\IOTKH TaKoro TpaHcq:,opr,rnTopa, ecn11 OH BKllI0-

'leH onpenenel!HLIM o6pa30M, MOlKHO paccMaTpllBaTb KaK lll!Hl!!O C 

pacnpeneneHHbIMI! noCTOS!HllbIMII, 

11aMepeHne ocu11nnorpaMM noKaaano, 'ITO Ha nepenaqe q:,poHTa 

11Cnb1TaTellbHoro l!MllYllbCa IlO'lTll' He CKa3bIBaeTCSI cnoco6 l!aMOTKH, 

HO IlOS!BllS!eTCSI 3aBHCl!MOCTb OT cnoco6a BKllJO'leHl!SI o6MOTOK, Ecn11 

npu TpaHC<pOpMaUIIII non11pHOCTb IIMilyllbCa 113MeHSieTcn, TO ero 
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q:,opMa npaKTll'leCKII He OTllll'l8eTCSI OT HCXO/lHOH, CnrHan, npornen­

lllllH qepe3 TpaHC<pOpMaTOp 6e3 nepeMeHbl. 3H8Ka, IIMeeT MeHee 

KPY.TOH q:,poHT_ 11 HeKoTopoe 11cKalKeH11e q:,opMbl. XoTSI STII 11cKalKe­

HIIS1 HeBellllKII II B 113BeCTHOH CTeneHn CKP8AbIBaJOTCSI BbI6pocaMH 

nepexOAHOH xapaKTepllCTIIKII H3Mep11TellbHOH uen11, SICHO, 'ITO npea-

_nonolKeH11e o pa6oTe TpaHcq:,opMaTopa B pelKHMe nnHnn He nnrneHo 

CMb!Clla, 

Bbma 11ccnenosaHa pa6oTa TpaHcq:,opMaTopa B cxeMe corna­

cosaHHH conpOTl!BiieHllH, MaKCHM8llbHbIH KOS<pqJIIUl!eHT TpaHcq:,opMa­

llllll He npeBbllll8ll 3, OnbITbl IlOK83an11, 'ITO Ka'leCTBO nepenaqn 

BnonHe Y/lOBlleTBopn:renbHO, X_OTSI peanhHbJe KOS<pqJl!UlleHTbl TpaHcq:,op­

MaUllll OK838llllCb HeCKOllbKO HHlKe, 'leM COOTH01lle~11e BHTKOB B 

o6MoTK~X, OTpalKeHHH oT' HarpylKeHHoro TpaHcq:,opMaTopa no cy-

uteCTBY He 0Tllll'l8ll11Cb OT OTpalKeHIIH Ha KOHUe Ka6en11, pa60T8JOIUero 

Ha BOllHOB_oe conpOTl!BlleHlle Illl!OC na·pa31!THYJO eMKOCTb, 

Cnoco6HoCTb npocTefirn11x TpaHcq:,opMaTopoB nepe~~BaTb HaHo­

ceKyH/lHh1e q:,poHTbl ,llMIIYllbCOB 6e3 CyIUeCTBeHHb!X llCKalKeHHH ( oco-

6eHHO, ecnn np11 nepenaqe 1!3MeHSieTCSI non11pHOCTb llMITyllbCa) 

6hma llCIIOllb30BaHa Alli! C03/l8HIISI. HeKOTOpbIX 6nOKOB Sl/lepHOH pe'." 

/6/ 
r11cTp11py101Uefi annapaTyph! 

B cneny101Unx naparpaq:,ax sTofi rnaBbI np11BO/lHTCS1 onncaHIIH 

HeKOTOpblX SKcnep11MeHT8llbHbIX np11eMOB II BCnoMora~ellbHblX pac-, 

'leT0B, none3HbIX rrpn onpeaeneHl!II IIMnynbCHb!X II aMnlll!TY/lHblX 

xapaKTep11cT11K annapaTyph1, C10na 0TH0C!iTCH anropaTM pac'leTa 

cornacoBaHHoro aTTeH10aTopa, npenHa3Ha'le~Horo nnn ocymecTBneH!iH 

rrepexona MelKAY Ka6enSIMII C 0Tllll'l8!01UHMIICSI B0llH0BblMll conpo­

TllBlleHHSIMII, l!T06bl o6ner'lHTb .. rroa6op pe311c,op0B TaKoro 8TTe-
. ' . /12/ 

1110aTopa:, HaM11 6bmo •cocTaBneHo crrpaBO'lHOe noco611e , rae 

coneplK.aTcn naHHbie nm1 Ka6ene11 c Haa6onee pacnpocTpaHeHHhl­

MH aenn'l11H8Mll BOllH0BbJ__X conpOT!iBlleHHH. 

OnacaH MeTo/l Kann6poBKII speMeHHOH lllKallbl ocunnnorpa-
/5/ ., ,•,.-. ' 

q:,a , none3HblH 13. Tex cnyqanx, Koraa 11pn q:,oTorpaq:,npoBaHHII 

H3o6palKeHHSI C SKp~Ha Tpe6yeTCSI /llll!TellbHaSI BbIAeplKKa., 
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KpoMe Tor·o, np1rnene11 anropHTM pactieTa HIIAYKTHBIIOCTH 

3Bel!a nHl!HH 

,[{OB KaTylllKH 

3anep>KKH THna m · 1 C y'leTOM HIIAYKTHBIIOCTH Bb!B0-
/13/ . . . 

, On SIBnHeTCH yTO'lllel!11eM 1!3B8CTHOI'O M8TOAa, 

/14/ ~ 
H3nO>Kel!HOI'O B KIIHI'e 

B npHno>Kel!HH K AHCCepT8UHH ABIia nporpaMMa paC'leTa ¢op­

/IO/ 
MbI 11MnynhCOB, npoxonm1rnx no KOaKCHanbHOMY Ka6emo , 

8 3aKnIO'l8HHH npHBOAHTCH OCIIOBHbie pe3ynbTaTbl AHCCepTa-

lll!H, 

1, TTOK8381!a CBH3b napaMeTpOB per11cTp11py10mell annapaTypbl 

C BpeMeHl!bIMII xapaKTep11cT11KaMµ ny'IKOB ycKop11Teng, nng npaKTll­

'18CKOI'O BbI6opa 3TIIX napaMeTpOB npoBe,[lel!bl 1!3MepeHl!51 BpeMeHl!OH 

CTpyKTypbl_ ny'IKOB CHl!XpOUl!KnOTpOHa,. C_BSI3al!HOH C '18CTOTOH UIIK­

noB ycKopeHliH, H3MepeH11H Bhmciri11e11b1. nng ny'IKOB nporoHOB 11 

M8301!0B np11 pa3l!b!X M8TOA8X BblBOAa 'laCTl!ll, 

2. TTpenno>Kel! IIOBbill M8TOA 1!3y'l8HIIH BpeMeHl!OH CTpyKTYPbl 

ny'IKOB 'laCTl!ll OT c1111xpou11Knorpo11a, CBH3aHIIOH C '18CTOTOll'yc­

KOpHI01Uero 11anpH>Ke1_mg, MeTOA OCl!OBal! Ila 11cnonb30B8HIIII Ml!OI'O­

ny'leBOI'O CKOpOCTIIOI'O ocu11nnorpa¢a. H3Mepelll!H BbIIlOnl!el!bl nng 

ny'IKOB npoTOHOB II M830HOB B pa3nl!'lllbl8 MOMel!Tbl BpeMelll! no 

OTHOlll8l!IIIO K l!a'lany BblBOAa, TToKa3aHO OTCyTCTBl!e 'BpeMeHl!OH 

crpyKTYPbI B ny'IKe M830HOB B cny'lae, ecnH Olm BbIBOAHTC51 C 

nOMOIUbIO "paCTH>KKH", 

3. O6oc110B81!bl Tpe60B8HHH K K08KCl!anbllbIM Ka6enSIM, coc­

TaBn5IIOIUIIM cymecTB8HIIYIO '18CTb 3Kcnep11MeHTanbHOI'O o6opyAOBa­

HIIH B OilbITax Ha ny'IKaX 'laCTIIU OT YCKOpHTenell. CocTaBnena 

M8T8M8Tll'18CK8H nporpaMMa pac'leTa IICKa>Kelll!H ¢opMbl 11a11oce­

KYHAHbIX l!Mnyni,coB, nepenaBaeMbIX no Ka6en5IM, 

4, TTpoBeAel!bl 3KCnepHMel!Tanbllbie HCCne,[{OB8l!H51 11 paC'leTb! 

IICKa>Kel!l!H Cl!I'llanOB OT A8T8KTOpOB '18CTl!U AnH pMa Ka6enell C 

BOnHOBbIM conpor11BneH11eM 75 II 100 OM. n ony'leHbl KOill!'leCTBeH­

llbie oueHKH Benl!'IHHbl nononH11TenbHOI'O CABf!I'a Bepllll!Hbl l!Mnynb­

COB, IIM8IOIUIIX pa3l!bie ¢p01!Tbl, TToKa3al!O 38THI'IIB8l!He cnana IIM­

nynbca. Pe3ynbT8TbI pa6oTbl ony6nHKOBallbl B BHAe cnpaBO'IIIHKOB, 
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5, TTpoBeneno 11ccneAOB81ll!e_ Bnl!SIHIIH KOl!CTPYKllllll KOl:l~Cl!anh'.'" 

l!OI'O pa3beMa Ila nepena'ly l!MnynbCOB 11a11oceKYIIAl!OH nn11Tenbl!OC~ 

TH, TToKa3ano, 'ITO np11 onpenene1111b1X ycnoB11HX nonycT11Mo 11cnonb-

3oBaTb pa3beMbI, l!MeIOIUl!e B0nl!0BOe conpoT11Bne1111e Mel!blllell 

Benl!'lllllbl,' 'leM BOnHOBOe conpOTHBne1111e Ka6enH, 

6. TTpoBeneno ~Kcnep11Me11Tanb11oe 11ccnen0Ba1111e Bnl!HIIHH 

KOl!CTPYKTl!BllbIX oco6eHl!OCTell l!MnynbCIIOI'O TpaHc¢opMaTopa c 

¢eppl!TOBbIM cepne'IHl!KOM 118 Ka'leCTBO nepena'II! Cl!I'HanoB 11a110-

ceKyHAIIOH Anl!Tenbl!0CTII, naHbl peKOMeHABUIIII no 113I'OTOBnel!l!IO 

11 11cnonb30Ba111110 Tpa11c¢opMaropoB B per11cTp11py10mell annapaType, 

7. nony'leHbl ¢opMynhI, no3BOnHIOIUl!e paCC'll!TbIB8Tb KOIICTpyK-

TIIBl!ble napaMeTpbl KBTYIIIKH 3BeHbeB T11na 

IIHAYKTIIBl!0CTI! Mana. 

m , ecn11 Ben11'11111a 

TTpaKTl!'leCKHe peKOMeHnau1111, conep>KaIUl!eCH B n11ccepTau1111, 

6binll 11cnonb30B81lbl np11 C03Aal!HII pHAa· _6noK0B sneKTpOHHOH pe­

I'IICTPIIPYIOIUell annapaTypbl, C IlOMOIUbIO 3T OH annapaTypbI np11 

Y'IBCTIIH 8BT0pa 6bml! BbIIlOnl!el!bI 11ccneAOBilHIIH napaMeTpOB yn­

pyroro 11yKno11-HyKno1111oro B3a11MonellcTB1151 Ha c1111xpou11Kn0Tpo11e 

0115:IH /7, 1 7-21/ • 

/1-13/ 
Pa60TbI, nono>Kllllllbie B OCHOBY ,[ll!CCepTaUl!II I 0binll 

ony6n11KOBaHbl B >Kypnanax II npenpl!l!TaX OHflH. IiacTb 113 IIIIX 

aoKnaAbrnanacb na. Ko11¢epe11u11gx II c11Mnoa11yMax no Mep11o"ll pan110-

sneKTpoH11Ke, 
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