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O0J1acTh TEXHHKH, K KOTOPOi OTHOCHTCS M300peTeHHe

N3o6peTenre 0THOCUTCS K 00JIaCTH TEXHUKH, CBSI3aHHON ¢ 0TOOpakeHHEM, KOTOpasi, B YaCTHOCTH, CBSI3aHa

C TUCIUICHTHOM MaHelblo, TUCTUIEMHBIM YCTPOUCTBOM M MUKPOCXEMOM JpaiiBepa.
[peanocklixu n300peTeHns

Braronaps HenmpepbrIBHOMY pa3BUTHIO PHIHKA IUCIUICEB, SKpaHBI ABISIFOTCS HaubOoJiee MOMyJIIPHBIMU CPel-
CTBaMH Tiepefadn WHPOPMALUU IS B3aMMOEHCTBHA YeJoBeKa M KoMmbioTepa. [loTpeOuTeny BEIABUTAIOT BCE
Oonee BbICOKHE TPEOOBAHUS K BH3YaIbHBIM d(pdeKrTam dKpaHa, a TAKXKe TMOCTOSHHO MOBBIIIAIOTCS TPEOOBAHUS K
COOTHOIIICHHIO IUTOIIAAN dKpaHa K Kopiycy. IlomHoskpaHHOE 0TOOpaskeHHe 3aKII0o9aeTcs B 00SCIIeUCHUN Upes-
BBIYaHHO y3KOH paMKH ¥ MaKCUMaJIbHOM YBEIMYEHUH 00JaCTH OTOOpa)XEHUs C MMOMOIIBIO TEXHOJIOTUH, YTO CO-
3/1aeT yIUBHUTEIBHBIE BU3YyallbHBIE 3 (ekThl. B cymecTBylomeil TeXHOJIOTHN NaHeneil ¢ MOHTaXOM MHKPOCXEM
Ha crexiie (COG), HIKHSS paMKa JUCIUICHHOM MaHeIn COIEep KUT 00JacTh MPOBOJKH Pa3BETBICHUS, 00IacTh
CBSI3M MHUKPOCXEMBI JIpaiiBepa 1 00J1acTh CBSA3U THOKOW MOHTa)KHOM IIJIaTHI.

OO0nacTh pa3BeTBICHUS M 00JIACTh CBSI3M MHUKPOCXEMBI JpaiiBepa 3aHUMAalOT OONBIIYIO YacTb BBICOTHI
HIDKHEH pamMku. O0JacTh pa3BeTBICHUS COJICPKUT CUT'HAIBHBIE TIPOBOJIA, COSANHSIONINE 001acTh 0TOOpaKeHHS
¢ 00JIaCThIO CBSI3W MHKPOCXEMEI npatiBepa. M3-3a TeHIEHINH K pOoCcTy TpeOOBaHUH K pa3pelIeHHIO UCTUICHHBIX
MaHeJIe Ha phIHKE, KOJMYECTBO CUTHAIBHBIX IMPOBOJIOB TakKe yBeanmduBaeTcs. Kak pe3ynbrar, yBeIHIHUBaeTCs
BBICOTa 00JACTH Pa3BETBICHUS WM 3aTPYAHSETCS YMEHBIICHHWE BBICOTHI, YTO HE CIIOCOOCTBYET peaH3alud
MOJTHOSKPAHHOW KOHCTPYKIMH TUCTIEHHOMN MaHEU C y3KOW paMKOM.

CyurHocTh U300peTeHust

TexHnuueckne 3amaun: HACTOSIIEe M300pPETEHHE TPENOCTABIIET AWCIUICHHYIO NaHelb, AUCIUIEHHOE YyCT-
POWCTBO U MUKpOCXEMY NpaiiBepa A pealin3aliy Ype3BbIYaiiHO Y3KOH KOHCTPYKIIUHM PAMKH.

TexHn4eckue pelieHus: ISl peIeHNs BBILCYIOMSIHYTOH 3a1a4 TEXHUYECKHE PEIIeHHs, IPeI0CTaBIICH-
HbIE HACTOSIINM H300pETEHHEM, SIBIISIOTCS CIIETYIOIINMHU.

B nepBom acmekTe HacTosIIero M300peTeHNUs MpeoCcTaBiIeHa AUCIUICHHAs aHelb, cojlepxKalias 00IacTb
oToOpakeHHs: M 00JacTh 6e3 0ToOpakeHHs, TP STOM HalpaBleHHE OT 00JaCTH OTOOpakeHHs 10 obnacTu Oe3
O0TOOpaKeHUS OIpeNIeTICHO KaK IMepBOe HaIMpaBJIeHNE, U 00JIacTh 03 0TOOpaKEHHUS CONEPIKUT:

00J7acTh CBS3M, COAEPIKAIIYIO MEPBYIO 00JIACTh CBSA3HM M BTOPYIO OOJIACTH CBSI3HM, PACIIONOXEHHBIC BIOJb
TIEPBOTO HAIIPABJICHUS;

IIPH 3TOM TIEpBasi 00JIACTh CBSA3H COJACPKHUT TOPU3OHTAIBHYIO O0JIACTh CBS3H, MIPOXOIAIIYIO BIOIb BTOPOTO
HaIpaBJICHUS, ¥ IEPBYIO HAKJIOHHYIO 00JIaCTh CBS3H, IIPH 3TOM IIepBast HAKJIIOHHAS 00J1aCTh CBSI3M HAXOIUTCS B
KOHIIE TOPU30HTANBHOW O0JIACTH CBSI3W M HAKJIOHEHA OTHOCHUTENFHO TOPHU30HTAIBHON 00IaCTH CBS3H, U IEPBOE
HarpaBjeHUe NePIEeHANKYISIPHO BTOPOMY HaIlpaBJICHHIO;

IIPU 9TOM IIepBasi HAKJIIOHHAsi 00JIACTh CBSI3M COAEPIKHUT IIEPBBIH KOHEI, COeIMHEHHbBIH C TOPU30HTAILHOM
00JIaCTBIO CBSI3U, M BTOPOHM KOHEIl, yJaJeHHBIH OT FOPU30HTAJILHOW 00JAaCTH CBSA3M; BO BTOPOM HAalpaBICHUH
paccTosiHEE OT BTOPOro KOHIA IO 00JacTH OTOOpakeHHsl OOJbIIE PAacCTOSHUS OT MEpBOro KOHIA /10 o0macTu
0TOOpaXEHMs, U POEKIMsI NIEpPBOH HAKJIOHHOW 00JIaCTH CBS3M Ha 00JIACTH OTOOpa)KCHUS] HAXOJIHUTCSl CHapyXH
MPOEKLUH TOPU30HTAIBHON 00JIaCTH CBS3M HA 0071aCTH 0TOOpaKEHHST; U

nepBasi HaKJIOHHAsT 00J1aCTh CBS3M COAEPKUT MHOXECTBO TPYIIIT BEIBOJOB CBSI3M, 1 MHOXKECTBO TPYTII BEI-
BOJIOB CBSI3H PACIIONIOKEHBI CTYIIEHYATO ¢ PaBHBIMU HHTEPBAJIAMH HIIM HEPABHBIMHU HHTEPBAIaMHU.

B HeoOs3aTebHOM BapHaHTE OCYIIECTBIICHHS HACTOAIIETO M300PETeHUS, KaXKAas M3 TPYIIT BEIBOJIOB CBSI-
3H COACPKUT MHOKECTBO TIEPBBIX BBIBOJIOB CBA3M; KaXKAas M3 TPYII BBIBOJIOB CBA3H CONEPKUT TPETHH KOHEI U
YEeTBEPTHIM KOHEIl; BO BTOPOM HAIPABICHUH TPETHH KOHEI] HaXOIUTCS BOJIM3M TOPU30HTAIBHOM 00JIaCTH CBSI3H,
a 4eTBEPTHIH KOHEI] YAaJeH OT TOPU30HTAIBHON 00JIACTH CBSI3HM; MHOXECTBO MEPBBIX BHIBOIOB CBS3H B OJTHOM H
TOM )K€ PSIIY PacIiojoKeHbl HAKJIOHHO OT YETBEPTOI0 KOHIIA K TPETbEMY KOHILY, & PACCTOSIHUAE OT TPEThEro KOH-
1a 10 00JacTH 0TOOpaKEHHS OOJIBILIE PACCTOSHUS OT YETBEPTOrO KOHIIA 10 00JIaCTH OTOOpayKeHUSL.

B HeoOs13aTeIbHOM BapHaHTE OCYIIECTBIICHHUSI HACTOSILETO M300peTeHHst 00macTb 6e3 0TOOpakeHHs JO-
TIOJIHUTENBHO COAEPKHUT 00JIacTh Pa3BETBIICHMS, TP 3TOM IIepBasi 00J1aCTh CBSI3M M BTOpast 00JIacTh CBS3M Ha-
XOATCSI HA CTOPOHE 00JaCTH Pa3BETBIICHHUS, yIAJCHHONW OT 00JIacTH OTOOpaXKeHUs, IepBas 00J1acTh CBS3M Ha-
XOJHUTCSA MEKIY 00JIaCTBIO PAa3BETBICHHUA M BTOPOH 00IACTHIO CBSI3H, @ 00JIaCTh Pa3BETBICHUS COACPKUT MHO-
JKECTBO TIPOBOJOB Pa3BETBJICHNUS; IIPH 3TOM TOPU3OHTAIbHAS 00JACTh CBSI3M COJACPKUT MHOKECTBO BTOPBIX BEI-
BOJIOB CBSI3H, M 9aCTh IPOBOJOB Pa3BETBIICHHUS MPOXOAT B MEPBYIO 00IACTH CBSI3U U JIEKTPHUCCKH COCAUHEHBI
C TIEPBBIMH BBIBOJIAMH CBSI3H U BTOPHIMH BBIBOAAMH CBSI3U COOTBETCTBEHHO.

B HeoOs13aTeTFHOM BapHaHTe OCYIIECTBICHHS HACTOSIIETO H300pETeHNS HaUBhICIIIas TOUKA KOHIIA KaXKIO0H
W3 TPYII BBIBOJOB CBS3M, OOPAIIEHHBIX K 00J1aCTH pa3BETBICHUS, ONpeeNieHa KaK BepPIINHA TPYIIIHI BBIBOIOB
CBSI3H, IIPU ATOM IIPOBOJ, COSAMHSIONINHA BEPIIMHY I'PYIIIHI BHIBOJOB CBSI3M Ha BTOPOM KOHIIE U BEpIINHY IPYII-
B BEIBOJIOB CBSI3M Ha IIEPBOM KOHIIE, 00pa3yeT HempsMoil yroi 6; Bo BTOpOM HalpaBICHUH, M HETIPSIMON yroi
0, ABJISIETCS TYIBIM YTIIOM.

B HEoOs13aTeIbHOM BapHaHTe OCYIIECTBICHUS HacTosIIero n3obperenus 100°<0,<179°.

B HeoOs3aTeIbHOM BapHaHTE OCYLIECTBIICHHS HACTOSILIETO W300pETEHHS MPOBOJI, COCANHSIONNHA BepIIn-
HBI TIEPBBIX BBIBOJIOB CBSI3H B OJTHOM M TOM JK€ ITOJIOXKEHHH B IBYX CMEXKHBIX I'PYIIIax BHIBOJOB CBS3H, 00pa3yeT
HenpsMoi yroi 6, Bo BTOpOM HalpaBJICHNH, U TIPH 3TOM HEMPSAMOHN yrodi 6, SBISETCS OCTPHIM YIIIOM.
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B HEoOs13aTeIbHOM BapHaHTe OCYIIECTBICHUS HacTosIIero n3ooperenus 10°<0,<85°.

B HeoOs3aTebHOM BapHaHTE OCYIIECTBICHHS HACTOSINET0 M300peTeHHs BTOpasi 00IacTb CBS3M pacIosio-
JKeHa B 00JIaCTH, OKPY>KEHHOH IepBOI HAKJIOHHOI 00J1aCThIO CBSI3M M TOPU30HTAIIBHOI 00JIaCTHIO CBSI3H.

B HeoOs3aTeIbHOM BapHaHTE OCYIIECTBICHHUS! HACTOSIIIETO M300PETEHHUS JIBE CMEXKHBIE I'PYIILI BHIBOJIOB
CBSI3M JYaCTHYHO NEPEKPHIBAIOTCH.

B Heobs3aTenbHOM BapHaHTEe OCYILIECTBICHUS HACTOSILIETO H300PETEHNUS IEPBbIC BEIBOJBI CBA3U B KXKIOH
U3 TPYTI BBIBOAOB CBS3M PACHPEACICHBI B BUJE PSIIOB, M IIPH 3TOM IEPBBIC BBIBOJBI CBSI3M B CMEKHBIX psAax
PAacIoI0XEHbI TO0YEPETHO.

B HeoOs13aTenbHOM BapHaHTE OCYIIECTBICHHS HACTOSIIETO M300pETCHUS IUCIUICIHAS MaHENb JIOMOIHHU-
TENBHO COJEPKUT BTOPYIO HAKJIOHHYIO 00JacTh CBSI3H, U MPU 3TOM BTOpasi HAKJIOHHAs 00NacTh CBA3U U IEpBast
HaKJIOHHast 00J1aCTh CBS3M PACIOJIOKEHBI 110 OCH CHMMETPUYHO Ha JBYX KOHIIAX TOPU30HTAJILHOW 007acTH CBS-
3.

B HeoOs3aTenbHOM BapHaHTE OCYLIECTBICHHS HACTOSIIETO M300pETeHMS MUCIUICHHAS MaHeNb JIOTOJIHHU-
TEJILHO COAEPKUT MUKPOCXEMY ApaiBepa, IPH TOM MHUKpOCXeMa ApaiBepa [0 MEHBIIE Mepe COEeP>KUT ropu-
30HTAJILHYIO 00JIaCTh C BBIBOJAMHU M HAKJIIOHHYIO 00JIacTh C BHIBOJAMH, HAaKJIOHHAs! 00JIaCTh C BHIBOJAMHU HaXo-
JWUTCS] HAa KOHIIE TOPU30HTAIBLHOM 001acTH ¢ BBIBOJAMH M HAKJIOHEHA OTHOCUTENIBHO TOPU30HTAIBHON 001acTH C
BBIBOJIaMH; HAKJIOHHAs 00J1acTh C BBIBOJAMH COJEPKUT MHOXKECTBO IIEPBBIX YIPABIIAIOUINX BHIBOJOB, 1 MHOXeE-
CTBO IIEPBBIX YIPABIIAIOMINX BEIBOJOB 00Pa3yr0T MHOXKECTBO MEPBBIX TPYIII YIIPABIAIOIINX BEIBOIOB; pa3Mellie-
HHE TIEPBbIX YNPABILIONIMX BBHIBOAOB U MEPBBIX IPYII YIPABIAIONINX BBIBOJOB HICHTUYHO Pa3MELICHUIO Hep-
BBIX BBIBOJIOB CBSI3M M IEPBBIX I'PYII BBIBOIOB CBSI3H, U NEPBbIC YIPABIIAIOIINE BBIBOBI SIEKTPUUIECKH COEIHU-
HEHBI C NICPBBIMU BBIBOIAMH CBSI3H.

Bo BTOpOM acmekre HacTOsIIEro M300pETEHMs INMPEIOCTABICHO NHUCIUICHHOE YCTpOMCTBO, coiepikaliee
JHCIUICHHYIO MTaHeb, KaK OIMCAHO BHILIE.

B HeoOs13aTeIbHOM BapuaHTe OCYIIECTBIICHUS HACTOSIIET0 N300peTEeHHs TUCIUIEHHOE YCTPOUCTBO JI0TION-
HHUTEJILHO COJIEPIKHUT:

THOKYI0 MOHTQ)XHYIO IIIaTy, 3JIEKTPUYECKH COCTUHEHHYIO CO BTOPOH 00JIaCTBIO CBSI3H.

B TperheM acmekTe HACTOSIIETO M300pPETEHHMS MPEIOCTaBlICHa MUKpOCXeMa JApaiBepa, coaepiKamias ropu-
30HTAJIbHYIO 00JIaCTh C BBIBOAAMH U IEPBYIO HAKIOHHYIO OOJAaCTh C BBIBOJAMH, NIPHU ATOM IEpBasi HAKIOHHAsS
00J1acTh ¢ BBIBOJAMHU HaXOJHUTCSl HA KOHIIC TOPU30HTAIIBHOM 00JACTH C BBIBOAAMH M HAKJIIOHECHA OTHOCHUTEIIBHO
TOPU30HTAIIBHOM 001acTH ¢ BBIBOJAMU; IIPH 3TOM TIepBasi HAKJIOHHAs 00NacTh ¢ BBIBOJAMHU MPOXOANUT HAKIOHHO
B IIEPBOM HAIPaBJICHUHU, TOPU30HTaNIbHAsL 00JIACTh C BHIBOAAMH IIPOXOJUT TOPU30HTAIBHO BO BTOPOM HaIlpaBJIe-
HUH, TIEPIICHIUKYIIPHOM MEPBOMY HAlpaBJICHUIO, U MEpBasi HAKJIOHHAS 00JacTh ¢ BBIBOJAMH COZICPKUT MHO-
JKECTBO TMEPBBIX TPYII YIPABILSIIONINX BBIBOJIOB; NIE€PBasi HAKJIOHHASA 001aCTh C BBIBOJAMH COAEPKHUT MATHIA KO-
Hell, COCJMHCHHBII C TOPU30HTAJIBHONW 00JIaCThIO C BBIBOJAMH, U ILIECTON KOHEIl, YAaJICHHbIH OT TOPH30HTANb-
HOHM 00J1acCTH ¢ BBIBOJIAMH, NTPOEKIMS IIEPBOI HAKIIOHHOW 00JIaCTH C BBIBOJIAMH Ha paclUIMPEeHHOH 00JIacTH ropu-
30HTAILHON 00JIaCTH C BBIBOJIAMHM HAaXOJHUTCS CHApyXXH TOPH30HTAIBHON 00JAaCTH C BBIBOJAMH; MHOXKECTBO
MEPBBIX TPYHIT YNPABISIIONIMX BBHIBOJOB PACIIONOXEHB! CTYIEHYaTO ¢ PaBHBIMM MHTEPBAIAMH WIIM HEPAaBHBIMH
MHTEPBAJIAMH.

B Heobs3aTenbHOM BapHaHTE OCYIIECTBICHUS] HACTOSIIETO N300PETEHNUS KaX/[asi U3 MEPBBIX TPy yIpaB-
JISTFOLIMX BBIBOJOB COAEPKUT MHOXKECTBO HEPBBIX YNPABIISIONINX BBIBOJOB, IPH 3TOM Ka)kKAasi U3 MEPBBIX IPYII
YIPABISIIOLINX BBIBOJOB COAEPKUT CEIbMOI KOHEIl U BOCBMOI KOHELl, BO BTOPOM HAaIpaBICHUHU CEIbMON KOHEI]
HAaXOAMTCSI BOJIM3U TOPH30HTAIBHON 00JAcTH C BBIBOJAMHM, @ BOCHMOM KOHEI[ yIaJeH OT TOPHU30HTAIbHON 00-
JAaCTH C BBIBOJAMHM, B IIEPBOM HAIIPABJIECHUN MHOXKECTBO IIEPBBIX YMPABISIOMINX BHIBOAOB B OJHOM U TOM K€
psily PacIoNOKEHbl HAKIOHHO OT BOCHMOTO KOHIIA K CEABMOMY KOHILY, BEPTHKAJIbHOE PACCTOSHHE OT CEIbMOTO
KOHIIA JI0 PacIIMPEHHON 00JIACTH TOPH30HTAIBLHON 00JIACTH C BBIBOJIAMH MEHBIIIEC BEPTHKAIBHOTO PACCTOSHHS
OT BOCBMOTO KOHIIA JI0 PAaCIIMPEHHOHN 001aCTH TOPU30HTAIBHON 00JIaCTH C BHIBOJAMH.

B HeoOs3aTenbHOM BapuaHTE OCYLIECTBJICHHS HACTOSIIET0 HM300pETEHWS HAaWBBICIIAS TOYKa BOCBMOTO
KOHIIAa Ka)KA0# M3 MEpBBIX IPYNIT YIPABISIOMINX BHIBOJIOB OMNpEAEICHa KaK BEpIIMHA MEPBOW IPYIBI yIIpaB-
JSIFOLIMX BBIBOJIOB, TIPH 3TOM TPOBOJI, COSAMHSIONIMH BEPIIMHY NEPBON I'PYIIBI YIPABISIONINX BHIBOAOB Ha
IIECTOM KOHIIE ¥ BEPILIMHY MEPBOW TPYIIIEI YIIPABILIONINX BHIBOJOB Ha MSATOM KOHIE, 00pa3yeT HeNpsiIMOH yroi
BO BTOPOM HAIpaBJICHUH, M HETIPSIMON yroj SBJISETCS TYNBIM YIJIOM M Ooibiie v paBeH 100° u MeHbIIE HIIH
pasen 179°.

B HeoOs3aTeIbHOM BapHaHTE OCYLIECTBIICHHS HACTOSIIETO W300pETEHHS MPOBOJI, COCAMHSIONNHA BepIIn-
HBI [IEPBBIX YIIPABIAIOMINX BBIBOJOB B OJHOM M TOM K€ ITOJIOKEHUH B JBYX CMEXKHBIX TPYIIaxX YHPaBIAIOMINX
BBIBOJIOB, 00pa3yeT HEMpsIMON yros BO BTOPOM HANpaBJICHUH, U TPH 3TOM HEIPSMON Yo SBISIETCS OCTPHIM
yrioM ¥ Gosblire win paseH 10° 1 MeHbIIIe HiIH paBeH 85°.

B HeoOs3aTeIbHOM BapHaHTE OCYIIECTBICHUS HACTOSIIETO M300pPETCHUS IBE CMEXHbIE TPYIIBI yIIpaB-
JISTFOLIMX BBIBOJIOB YACTHYHO HMEPEKPBIBAIOTCS, IPU 3TOM IMEPBBIE YNPABISIONINE BHIBOJBI B KAXKIOH M3 MEPBBIX
TPYIN yNpPaBiISIONIMX BBIBOJOB PAaclpeelicHbl B BUAE PSIOB, W IIEPBbIE YHPABIISIOIINE BBIBOJBI B CMEXKHBIX
psiiax pacroJIokKeHbI ITO0YEPETHO.

B Heobs3aTenbHOM BapHaHTE OCYIIECTBIICHHUS HACTOSIIETO N300pETEHUsI MUKpOCXeMa JipaliBepa JIOTOTHHU-
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TEJNBHO COJICPXKHUT BTOPYIO HAKIOHHYIO OOJIACTH C BBIBOJAMH, U MPH 3TOM BTOpas HAKIOHHAs OOJIACTH C BBIBO-
JIAMH 1 TIepBasi HAKJIOHHAsE 00J1aCTh C BBIBOJIAMH PACIIOJIOKEHBI IO OCH CHMMETPHUYHO HA JBYX KOHI[AX TOPU30H-
TaJBHOW 00IAaCTH CBA3H.

[IpenmymectBa. [IpenmymiectBa HacTosmero n3oopeteHus: (1) B HACTOAIMEM HW300pETEHUHU MPEITYCMOT-
peHa TepBasi W/WIM BTOpas HAKJIOHHAs 00JIACTh CBSI3H, TIPU 3TOM TIepBasi U/WJIA BTOpas HAKJIOHHAs 00JIACTh CBS-
3M HaKJIOHEHAa OTHOCHTEIBHO TOPH3OHTAIBLHON OOJIACTH CBS3H, M PACCTOSHHE OT BTOPOTO KOHIIA TOPHU30HTAIIb-
HOW 00JIACTH CBSI3H 110 00JIACTH Pa3BETBIICHHS OOJIbINE PACCTOSHUS OT MEPBOTO KOHIIA TOPU3OHTAIBLHOM 00acTh
CBSI3U 10 OOJIACTH pa3BeTBICHMA. YacTh KaXXIOTO U3 IMPOBOJIOB PA3BETBICHHUS MOXET MPOXOIUThH B MIEPBYIO 00-
JIACTh CBS3M, TAK YTO YaCTh OOJACTU Pa3BETBIICHUS IEPEKPHIBACT 00JACTh CBSI3H, H BRICOTA 00IACTH Pa3BETBIC-
HUS BJOJIb IICPBOTO HANpPABJICHUS yMEHbIICHA. BTopas 001acTh CBA3M PacIoNoKeHa B OOJIACTH, OKPYKEHHOU
TICPBOI H/WIM BTOPOI HAKJIIOHHOW 00JIaCTHIO CBSA3H M TOPU30HTAIBHOMN OOJIACTBHIO CBSI3U, M BEICOTA OOJIACTH CBSI-
3W B MICPBOM HAIPABJICHUM MOXET OBITh yYMeHbIIeHA. CleIoBaTeNbHO, YMEHBINACTCS OOIIas BHICOTa OOJIACTH
Pa3BETBIICHUS U OOJIACTH CBSI3U B IICPBOM HAIIPABIICHUH, U MOXET OBITh YMEHBIIICH pa3Mep HIDKHEH paMKH JIUC-
wieitHor manenu. [Ipu yciaoBuu oOecriedeHus: BBICOKOTO Pa3pelleHus], HEOOXOIUMOT0 PBIHKY, 0€3 YXyIIICHUS
pabounx XapaKTepUCTHK MHUKPOCXEMBI JpaiBepa peajn3yeTcs Upe3BbIYaliHO y3Kas KOHCTPYKIHS paMKH. (2)
[IepBrie BEIBOMBI CBSA3H B KAXKAOM PSY B KaXKIOW U3 TPYIIT BEIBOJOB CBS3M PACIOIOKESHBI HAKIIOHHO OT YeTBEp-
TOTO KOHIIA K TPETheMY KOHITY, YTOOBI OCTaBUTH OOJIBIIE MPOCTPAHCTRA IS TPOBOIKH, IPEACTABIIONIEH co00i
TIPOBOJKY pa3BeTBIICHI. KOMIIOHOBKA KaKIOW CTPYKTYpPHI 00JacTH CBSI3M U O0JIACTH Pa3BETBICHUS JOTOIHH-
TEJIHHO ONTUMHU3HUPYETCS, TEM CaMbIM Yiydinas Ko3QQGHUITUSHT UCTIONb30BaHUs MPOCTPAHCTBA 00JacTH 6e3 0To-
OpakeHUS ¥ peann3ys Ype3BbIUaifHO Y3KyI0 KOHCTPYKIHIO paMkH. (3) [TepBas u/wim BTopas HakJIOHHAsI 00JIaCTh
CBSI3U COJICPKHUT MHOXECTBO TPYII BEIBOJIOB CBsI3M. KOMIOHOBKA Ka)KI0H CTPYKTYpBI 00JaCTH CBSI3U M 00J1acTh
Pa3BETBIICHUST MOXET OBITh ONTUMHU3UPOBAHA MYTEM PETYJIHUPOBKH HHTEpBAla MEKIY CMEKHBIMU TPYIIIaMU
BBIBOJIOB CBSI3H, U IIMPHHA IMPOBOJIOB MPOBOJKH 00JIACTH Pa3BETBICHUS MOKET OBITh yBenudcHa. ClenoBaTeb-
HO, JUIS IOCTHXKEHUS JIydmiero 3¢ ¢dexra 0TOOpaKSHUST YMEHBIIACTCS UMIICIAHC CUTHAJIBHOTO IPOBO/IA U CHHXKA-
€TCSI PUCK TOTO, YTO CUTHAIBHBIA IPOBOJ] CTAHET CIUIIKOM TOHKHUM U Pa3pyIIHTCS.

Onucanne rpagpuyecKux MaTepuaIoB

g Goree MOHATHOTO ONMMCAHMS TEXHHUECKUX PEUICHWH B BapHaHTaX OCYIIECTBICHHS HACTOSIIETO H30-
OpereHust manee OyIyT KpaTKO ONHCAHBI TpadUUIecKhue MaTepHalbl, KOTOPble HEOOXOIUMO HCIOIL30BaTh MPH
OTIMCaHWH BAPUAHTOB OcymecTBiIeHUs. OueBUAHO, TpaQUIecKie MaTepHabl B CIEAYIOMIEM OMHCAHUH SBISIOT-
Cs NI HEKOTOPBIMU BapHaHTaMH OCYIIECTBICHUS HACTOSIIETo n3o0pereHus. CrienuanucTaMy B TaHHOH 00-
JIACTH TEXHUKH MOTYT OBITH MOJYYEHBI IpyrHe TpaduuecKue MaTepuaibl Ha OCHOBE 3THX Ipad)UUecKuX Mare-
pHUanoB 0e3 MPUIIOKEHUSI TBOPUCCKHUX YCIITUH.

Ha ¢wur. 1 npeacraBieHo cxeMaTH4ecKoe N300paKCHUE TUIOCKOW CTPYKTYPBI AUCIUICHHOW MaHENH COTJac-
HO OJTHOMY BapHaHTy OCYILECTBICHHS HACTOSIIIETO H300PETCHUS.

Ha ¢ur. 2 npencraBieHO cxemMaTuieckoe M300paKCHHE IUIOCKOM CTPYKTYpPHI OOJNACTH CBSA3U M OOJIACTH
Pa3BETBIICHUS TUCILICHHON MaHeNu, MoKa3aHHOH Ha ¢ur. 1.

Ha ¢wur. 3 mpencraBieH YaCTUYHBIN YBEIUICHHBIA BUJ CTPYKTYPBI B 00JIACTH CBSI3U U O0JIACTH Pa3BETBIIC-
HUs 007aCcTH OTOOpaXKeHM S, IOKa3aHHBIX Ha QUT. 2.

Ha ¢wur. 4 npencraBieH 9acTUIHBIN YBEIIMISHHBIA BUJT CTPYKTYPHI B 00JaCTH CBSI3U U 00JaCTH pa3BETBIIC-
HUS 007acTH 0TOOpaKeHUS B COOTBETCTBHH C JIPYTOil NUCIIICHHONW MaHEIhI0 COTIIACHO HACTOSIIEMY H300peTe-
HUIO.

Ha ¢wur. 5 npencraBieHo cxeMaTHUECKOE H300pakeHHEe MIIOCKOI CTPYKTYPHI B COOTBETCTBHU C MUKPOCXe-
MOH IipaiiBepa COrflacHO HACTOSIIEMY H300pETEHHUIO.

[oapo6Hoe onncanne MPeANOYTHTEILHBIX BADHAHTOB 0CYIIECTBICHUS

TexHUYECKHE PENICHUS B BapHAHTaX OCYIICCTBICHUS HACTOSIIETO H300peTeHUs OYIyT ONMUCAHBI HIDKE 5IC-
HBIM H TIOJHBEIM 00pa30M B COYCTAHWU C CONPOBOIUTCIBHBIMH TPaQUUCCKIMH MaTepHaTaMU B BapHaHTaX OCY-
MIECTBJICHUS HACTOSIIETO HU300PETCHHUS.

O4YeBHIHO, YTO OIMCAHHBIC BAPUAHTHI OCYIICCTBICHUS IPEACTABISIOT COOOH JHIIL YacTh BapHAHTOB
OCYILIECTBIICHHS HACTOSINEr0 M300pETeHUs, HO HE BCE BapHaHTHI OCYIIECTBICHUSA. Ha ocHOBaHWM BapuaHTOB
OCYILIECTBIICHHSI HACTOSAIICTO M300pEeTEHHs BCe APYTHE BapHAaHTHl OCYIIECTBICHHSA, NOJTYYCHHBIC CTICIHANINCTA-
MU B JaHHOH 00JIACTH TEeXHUKH 0€3 MPHIIOKEHHUST TBOPUYECKUX YCHIINK, OYAYyT HaAXOAHMTHCS B Tpenenax odbema
3aIUTHl HACTOSIIETO H300PETEHHUS.

B ommcannmn HacTosmIEro H300pETEHUS CIIeAyeT MOHNMATh, YTO HAIIPABICHHS UM B3aNMHBIE PaCIIONIOKe-
HUs, 0003HAYCHHBIC TEPMHUHAMH "BepXHUH'", "HIWKHUA" W T. 1., OCHOBaHbI Ha HAIPAaBICHUSAX WU B3aWMHBIX
PACTIOIOKEHUSX, TOKa3aHHBIX Ha Tpa)MIeCKUX MaTepuaiax, v MpeJHa3HAYCHBI TOJIBKO IS yI00CTBA OMHCAHUS
HACTOSIIETO M300pETCHUS U AJIs YIPOIIeHUs onucanns. OHM HE 03HAYAIOT WIH HE TMOJPa3yMEBAOT TO, YTO YKa-
3aHHOE YCTPOMCTBO HJIM 3JIEMEHT JOJDKHBI IMETh KOHKPETHYIO OPHUCHTAINIO, TOJDKHBI OBITH CKOH(UTYPUpPOBa-
HBI U HCTIOJb30BAHBI B KOHKPETHON OPUCHTAITUH U, CICIOBATEIBHO, HE MOTYT PACIICHUBATHCS KaK OTPaHUICHUE
HacTosiero nzooperenus. Kpome atoro, TepMunsl "nepBeiid”" ¥ "BTOpPOI" MCHONB3YIOTCSI TOJIBKO B IEJSIX OIH-
CaHMs W HE JOJDKHBI PACIICHUBATHCS KaK yKa3aHWE WM MOJApPa3yMeBacMOe YTBEPXKICHUE KacaTelbHO OTHOCH-
TENBHOW BaYKHOCTH M HESIBHOE yKa3aHHE KOJIIMYecTBAa 0003HAYCHHBIX TEXHUYECKUX Mpu3HaKkoB. CliemoBaTesh-
HO, TIPU3HAKH, 0003HAYCHHbIE KaK "MepBhIid" 1 "BTOPOH", MOTYT SIBHBIM WJIM HESIBHBIM 00pa3oM BKIIOYATH B Ce-
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0s1 onuH wiaK Oojiee MpU3HAKOB. B ommcaHmy HacTOSIIET0 M300pETEHHUs CIOBO "MHOXKECTBO" 00O3HAYaeT JBa
wii OoJtee, eCIii SIBHBIM 00pa3oM He ONpe/IesIeHo HHade.

B nHacrosmeM onmMcaHNU B pa3iIMYHBIX BApHAHTAX PEaln3alldiil MOTYT MOBTOPATHCS CCHUIOYHBIC YMCIIOBEIC
n/mm OyKBeHHBIE 0003HaUeHNs. Takoe MOBTOPEHHUE MPpeTHA3HAYCHO AJIS YIPOIIEHHS U SICHOCTH U HE YKa3bIBaeT
Ha OTHOIIIEHHE MEXITy Pa3HBIMH 00CYKIaeMBIMU BapHaHTaMH OCYIIECTBICHUS H/HIN KOH(PUTYPAIISIMH.

OO6nacTh MPOBOJKK PAa3BETBICHUS CYIIECTBYIOMIEH AMCIUICHHON MAaHEIHN ¢ BHICOKMM pa3pelicHHeM 3aHH-
MaeT OOJBIIOe MPOCTPAHCTBO B HIDKHEH paMKe MUCILICHHON MaHeNH, 9YTO He CIIOCOOCTBYET PEIICHHIO TeXHUYE-
CKOM 3aJ1a4¥, 3aKJII0YAIONIEHCs B pean3alii KOHCTPYKIMK MTOJTHOSKPAHHOW UCIIIEHHON MaHelu ¢ y3KOU paM-
Koi. B HacrosimeM n300peTeHHH MperycMOTpEeHa IepBasi W/WiIM BTOpasi HAKJIOHHAsE 00acTb CBSI3H, NIPU ITOM
nepBast ¥/MJIM BTOpasi HAKJIOHHAsI 00J1acTh CBSI3M HAKJIOHEHBI OTHOCHTENILHO TOPU30HTAIILHOW 00JIaCTH CBSI3H, U
paccTosiHEE OT BTOPOTO KOHIIA FTOPU30HTAJIHLHOM 00JIaCTH CBSI3H /10 00JIACTH Pa3BETBIICHUS OOJIBIIE PacCTOSHUS
OT INEpBOTO KOHIIAa TOPH3OHTAIBLHOIM 00JIaCTH CBSI3W 10 00NacTH pas3BeTBiIeHUs. YacTh KaKAOTO M3 MPOBOJIOB
Pa3BETBJICHUS MOXKET NMPOXOJIUTH B MEPBYIO 00J1aCTh CBSI3H, TaK YTO YacTh 0OJACTH Pa3BETBIICHUS IIEPEKPHIBACT
00J1acTh CBSI3M, M BBICOTAa O0JIACTH Pa3BETBIICHMS BJOJb IEPBOTO HANpPaBICHHWS yMEHbIIeHa. Bropas obnactb
CBSI3M PACIIOJNIOXEHA B O0JIACTH, OKPYKEHHOW TIEpBOM W/WIIM BTOPOH HAKIOHHOW OOJACTBhIO CBSI3U M TOPHU30H-
TaJbHOU 00JIACTHIO CBS3H, M BHICOTA OOJIACTH CBS3M B IIEPBOM HAINPaBICHUH MOXeET ObITh yMeHbIeHa. CliesioBa-
TEJNBHO, YMEHBIAETCs 0011ast BEICOTa 007aCTH pa3BETBICHUS M 00JIaCTH CBSI3M B IIEPBOM HAIIPABICHUH, H MOXKET
OBITH YMEHBIIICH pa3Mep HIDKHEHW paMKH JucTuieliHo# maHenn. [Ipu ycinoBun oOecriedeHns BBICOKOTO paspeliie-
HUSI, HEOOXOOUMOTO PBIHKY, 0€3 yXyAIIeHHs pa0dodyMx XapaKTepHUCTHK MHKPOCXEMBI JIpaiBepa pean3yercs
Ype3BBIYAHO y3Kas KOHCTPYKIMS paMKH. [IepBrie BEIBOIBI CBSA3M B KaXKJOM PSy B KaXKI0H M3 TPYII BEIBOIOB
CBSI3H PacIIOI0)KEHB! HAKJIOHHO OT YETBEPTOro KOHIA K TPETbEMY KOHILY, YTOOBI OCTaBUTH OOJIBIIE MPOCTPAHCT-
Ba JUIA ITPOBOAKH, IPENICTABIAIONIEH cO00M MPOBOAKY pa3BeTBiIeHU. KOMIIOHOBKA Ka)XIIOW CTPYKTYpPbI 001acTH
CBSI3M M 00JIACTH Pa3BETBIICHHS JOMOJHUTEIHFHO ONTHMU3UPYETCS, TEM CaMbIM yiydmas Kod(pQuIMeHT nemois-
30BaHUs MIPOCTPAHCTBA 001acTH 0€3 0TOOpaKEHUsI U peann3ys Ype3BbIYAHO Y3KYI0 KOHCTPYKIHIO paMku. [lep-
Basl W/WIIM BTOpasi HAKJIOHHAsI 00JIaCTh CBS3M COJAEPKHUT MHOKECTBO I'PYIIT BHIBOJIOB CBsi3H. KOMIOHOBKa Kax-
IO CTPYKTYpHI 00JIaCTH CBA3M M OOJACTH PAa3BETBICHHUS MOXKET OBITh ONTHMHU3MPOBAHA ITyTEM PETYIHPOBKH
MHTEpBaJia MEXITy CMEKHBIMHU T'PYIIIaMH BBIBOJOB CBSI3H, U IIMPHHA IPOBOAOB B BHAE MPOBOJOB 00JIACTH pa3-
BETBJICHUS MOXKET ObITh yBenumdeHa. ClemoBaTeNbHO, IS JOCTHXKCHHS Jydiiero 3¢Qekra OToOpaKeHHUs
YMEHBIIIACTCS MMIICAHC CHTHAJIHHOTO IMPOBOJA M CHIDKACTCS PUCK TOTO, YTO CHUTHAIBHBIM MPOBOJ CTaHET
CJIAIIKOM TOHKHM H Pa3pyIIUTCA.

JlucruteliHas maHesb, TUCITICHHOE YCTPOMCTBO U MUKPOCXEMa JIpaiBepa COTIACHO HACTOSIIEMY U300peTe-
HHIO IOAPOOHO ONMCAHBI HIXKE B COUYETAHNH C KOHKPETHBIMHU BapHaHTaMH OCYIIECTBIICHHUSI.

O6pamasich k Gur. 1, B IepBOM BapHaHTE OCYIIECTBICHHUS HACTOSIIETO W300PETEHHSI TPEJOCTABICHO JNC-
mwieitHoe ycrpoiictBo 100, comepkamee aucruielinyro maHens 110, mo MeHsleil Mepe ogHy Mukpocxemy 120
JpaiiBepa W 10 MEHbIIEH Mepe oxHY rHOKyI0 MOHTaxHYyIo miaty 130. Mukpocxema 120 npaiiBepa oOpazoBana
Ha JuciuteiiHol maHenu 110 W 3JEKTPUYSCKU COCTUHEHA ¢ NUCIUICiHOM manenbio 110, a rmOkas MOHTa)KHAs
mwiata 130 HaxoauTcs Ha cTOpoHe AucIuieiiHoM maHenu 110 u anexTpudecky CoeMHEHa ¢ JUCIIIEHHON MaHeIbIo
110.

IIpu stom mucrieitnast manens 110 cogepxur obmacts 101 oToOpaskenus u obmacte 102 6e3 oToOpake-
HUS, KOTOpasi okpykaeT oomacts 101 oToOpaskeHusI.

[Ipu sTOM HampaBiieHHe, onpenerneHroe ot oomactu 101 oroOpaxenwus k obmactu 102 6e3 oToOpakeHus,
SIBIIIETCS TIepBBIM HampasieHneM D1. O6macts 101 oToOpaxeHus COASPHKUT MHOKECTBO CUTHAIBLHBIX MTPOBOIOB
1011, mpoxoasmux BIOJIs NepBOro HampasiaeHUs D1 1 pacnonoKeHHBIX BAOJIb BToporo HampasneHus D2. Ilep-
Boe HanpasieHue D1 neprneHauKynspHO BTOpOMY HampasieHuto D2.

Ipu 3ToM curHanpHbie poBoaa 1011 MOTYT mpencTaBIaTh COOOW JHHUIO MEPEIadu JaHHBIX IS 3apsIKH
nuKcenel (He mokaszansl) B obnactu 101 oToOpaXKeHUs! WM OJJMH WM JIBa CUTHAIBHBIX IPOBOJIA IS IIepeaadn
CHTHAJIOB KacaHHsI, COCJMHEHHBIX C ITaTYMKOM KacaHus B obactu 101 oToOpaskeHus..

ITpu sToM obmacts 102 Ge3 oToOpaxkeHus comepkuT obnacts 10 pa3sersienust U obnacts 20 cBszu. O6-
nacTh 20 cBsI3U HAXOAWUTCS Ha cTopoHe obnactu 10 pa3BeTBieHHs, ynaaeHHoi ot obmactr 101 oroOpaxeHwms.

IIpu sToM o6nacte 10 pa3BeTBIICHUS COAEPKUT MHOKECTBO MPOBOAOB 11 pa3BeTBIEHUS, MPOXOISIINX
BJIOJIb TIEPBOTO HampaBieHHs D1 B IeJIOM M pacrmoyioKeHHBIX BIOJB BTOPOro HampasieHus D2. OxuH KoHel
Ka)XIIOTO W3 MPOBOAOB 11 pa3BeTBICHUSA HMEKTPUIECKH COSAMHEH C COOTBETCTBYIOIIMMH CHTHAJIBHBIMH MPOBO-
mamu 1011.

O6pamasice k ¢ur. 2, od6macts 20 CBA3M CONEPIKUT MEPBYIO 001acTh 21 CBSI3K U BTOPYIO 0071acTh CBSI3U 22,
U niepBast o6sacth 21 cBsI3M M BTOpast 001acTh 22 CBSI3M PacojIOKEHb! BJOJb IepBoro HanpasieHus D1. B ya-
CTHOCTH, TIepBasi 00J1acTh 21 CBSI3M HAXOAMTCS CMEKHO ¢ o0nacThio 10 pa3BeTBiICHUs, a BTopas 00JacTh 22 CBs-
31 ynajneHa ot obsactu 10 pa3BeTBiICHHS.

[Tpu sTOoM TepBast obsacTs 21 CBSA3U CONEPIKUT MEPBYIO HAKIOHHYIO 00s1acTh 211 CBSI3M M BTOPYIO HAaKJIOH-
Hy!0 o0xacTh 213 cBs3u. [lepBast HakimoHHas o6nacTh 211 cBs3n M BTOpast HaKJIOHHAsA 06nacTh 213 cBs3u mpo-
XOJAT BJIOJIb TOPU3OHTAIBHOM o0stacTh 212 ¢Bs3M BIIOJIB BTOPOro HanpasieHus D2 n HaxonsTcs Ha KOHIE TOpH-
30HTaNBHON oOsacTu 212 cBsi3u. B wacTHOCTH, nepBas HakJIOHHAs 00yacTh 211 cBsI3W W BTOpas HAKJIOHHAs 00-
7acTh 213 CBS3M PaCcOIOKEHBI IT0 OCH CUMMETPUIHO Ha IBYX KOHIIAX TOPU3OHTAILHOM 00acTu 212 cBs3H.
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[TepBast HakyoHHast 00nacTh 211 CBSI3M COAEPKHUT MepBbIi KoHel 211a, coeIMHEHHBIH ¢ TOPU30HTATLHOM
obnacteio 212 cBs3u, U BTOpO# KoHer 211b, ynaneHHbIl OT ropu3oHTaILHOM obxact 212 cBsizu. Bo Bropom
HanpaByieHun D2 paccrostarie oT BToporo konma 211b mo ob6mactu 101 oToOpaskeHUs: OOJBINE PACCTOSHUS OT
niepBoro koHma 211a g0 ob6mactu 101 oToOpaxkenus. [Tpoekmus mepBoit HakIOHHOK oOmactu 211 cBs3u Ha 00-
nmactu 101 otoOpakeHHUss HAaXOIUTCSI CHAPYKU TPOESKIIMK TOPH3OHTANBHON o0mactr 212 cBsi3u Ha obmactu 101
oToOpaxkeHus. ClieqoBaTelbHO, 9acTh KaXKIOT0 M3 MPOBOAOB 11 pa3BeTBICHHS MOXKET MPOXOIUTH B MEPBYIO
obmacth 21 cBs3H, Tak 4To YacTh obnmactu 10 pa3BeTBIeHUs MepeKphiBaeT 00macTh 20 CBSA3M, a BHICOTA 00JIaCTH
10 pa3BeTBneHUs B mepBoM HampasieHud D1 ymensimena. O6mmast BeicoTa obiactu 10 pa3BeTBICHHS B 00JIaCTH
20 cBsi3u B IEpBOM HampaBieHHU D1 yMeHBIIICHA, TaK YTO MOXKET OBITh YMCHBIIICH pa3Mep HWKHEH PaMKH JTUC-
ieitnoit manenu 110. Ipu ycnoBun obecrieueHnst BRICOKOTO pa3pelieHus, HeoOX0IMMOTo peIHKY, 0e3 yXyue-
HUS pab0YMX XapaKTePUCTUK MUKPOCXEMBI JpaiiBepa peaiu3yeTcsl Ype3BhIYaANHO y3Kask KOHCTPYKITHS PAMKH.

B Heo0s13aTeIbHOM BapHaHTE OCYILECTBICHHS HACTOSIIET0 H300peTeHus BTopast 06acTb 22 CBS3M pacHo-
JI0KeHa B 00JIaCTH, OKPY>KCHHOW NepBOH HaKJIOHEHHOH 00JacThio 211 cBsi3n, BTOPOH HaKIOHHOW obyacThio 213
CBSI3M W TOPH30HTAJILHOM 00nacThio 212 cBsazu. TakuM oOpa3oM, MOXKHO JOOUTHCS PacIloiioKEHHs NepBoil 00-
nmacTtH 21 cBsi3u 1 BTOpoi obiactu 22 ¢Bs3u B 06sactu 20 CBA3M.

B npyrux BapmanTax ocymiecTBICHHS TepBas o0macTs 21 CBSA3M TakKe MOXET HE COAepiKaTh BTOPYIO Ha-
KIIOHHYIO0 30HY 213 cBsi3u. B aTOM cimydae BTOpas 001acTh 22 CBSI3U PACIONOKEeHa B 00J1aCTH, OKPYKEHHOH TIep-
BOH HAKJIOHHOW 0071acThio 211 CBSI3U ¥ TOPU30HTAILHOM 00J1acThIO 212 CBA3M.

O6pamasice k ¢ur. 2-4, mepBas HakJIOHHAsI 001acTh 211 CBSA3HM COACPKUT MHOKECTBO TPYII BHIBOJIOB CBSI-
3H, PACIIONIOKEHHBIX CTYMEHYaTo. B 3TOM ciydae KOMIIOHOBKA KaKIOW CTPYKTYpPBI OOJIaCTH CBSI3M M 00JIacTH
Pa3BETBIICHUST MOXET OBITh ONTUMHU3UPOBAHA IYTEM PETYIUPOBKU HHTEPBAa MEKIY CMEKHBIMU TPYIIIaMU
BBIBOJIOB CBSI3H. Taroke At TOCTIDKEHUS JIydmiero addexra oToOpakeHHs: BO3MOXKHO YBEJIMYUTH IIUPHHY TPO-
BOJIOB B OOJIACTH Pa3BETBJICHHUS, TEM CAMBIM YMEHBIIIAs MMIICAAHC CUTHAJIBHOTO MPOBOJA U CHIXKAs PUCK TOTO,
YTO CHTHAJBHBIN MPOBOJI CTAHET CIUIIKOM TOHKHM U Pa3pyIIHUTCS.

Kaxxnas u3 rpynmn BbIBOJIOB CBSI3U COJIEPKUT MHOXKECTBO MepBBIX BRIBOJOB 2111 cBsi3u. IlepBble BHIBOABI
2111 cBs3u B KaXkIO# M3 TPYIMI BEIBOJIOB CBS3W pacIpeleiCHbl B BUIE PAAOB, M MepBble BBIBOALI 2111 cBs3n B
CMEXHBIX pAIax PacHoioKeHbI moodepenno. ['opu3onTampHas 0071acTh 212 CBA3HM CONEPKUT MHOXKECTBO BTO-
pBIX BBIBOJOB 2121 cBsizu. BTopsie BbIBOMBI 2121 CBSA3M pacmloOXKeHBI B BUAC PAIOB, U BTOPBIC BBIBOIGI 2121
CBSI3U PACIIONIOKEHBI TOPU30HTAIBHO B KAKIOM U3 PsioB. BTopsie BBIBOABI 2121 CBSI3M B ABYX CMEKHBIX psAIax
pacrtioyio’keHs! moodepeaHo. Yacts mpoBooB 11 pa3BeTBICHUS MPOXOIAT B MEPBYIO 001acTs 21 CBA3M M AJIEK-
TPUYECKH COSTMHEHBI C TIEPBBIM BBIBOJIOM 2111 CBsA3M 1 BTOPHIM BHIBOAOM 2121 CBS3M COOTBETCTBEHHO.

Ob6pamasick K ¢ur. 2 u ¢ur. 3, B HeoOsA3aTEIILHOM BapHaHTE OCYILECTBICHHS HACTOSIIETO N300peTEHUS
MHOYECTBO TPYIIIT BBEIBOJIOB CBSI3H PACIOJIOKCHBI CTYIIEHYATO C PaBHBIMU MHTEPBAaJaMH BO BTOPOM HampaBJe-
Huu D2.

O6pamasics K Gur. 4, B He00s3aTEIILHOM BapHaHTE OCYLIECTBICHHS HACTOSIIETO H300PETECHNSI MHOKECTBO
TPYIIN BBIBOJOB CBSI3U PACIIOIOKEHBI CTYIICHYATO C HEPaBHBIMH UHTEPBaJIaMH BO BTOPOM HampasieHuu D2.

MHOXECTBO TPYIII BEIBOJIOB CBSI3M TAaK)KE MOTYT OBITH PACIIONOKCHBI C PAaBHBIMU MHTEPBaJAMH WJIH He-
PaBHBIMH WHTEpPBAJIaMH B IIepBOM HarpasieHnn D1.

O6pamasice k ¢ur. 2-4, B HEOOSA3aTEIHPHOM BapHaHTE OCYIIECTBICHHUS HACTOSIIET0 HM300pPETCHHUS IBE
CME)XHBIE TPYIIITEI BEIBOJOB CBSI3M MOTYT YaCTHYHO IIEPEKPHIBATH IPYT ApyTa. B npyrom HeoOs3aTeIsHOM BapH-
aHTE OCYIIECTBICHHUS HACTOSIIETO N300pPETEHUs JBE CME)KHBIC TPYIIIHI BEIBOJIOB CBS3HM MOTYT HE IEPEKpPHIBATH
ApyT Apyra.

OO0parmasce K (Gur. 2, HauBbICIIas TOYKA KOHIA KaKJJOW U3 TPYIII BEIBOJIOB CBSI3H, OOPANICHHBIX K 00JIACTH
10 pa3BeTBICHMUS, OIpE/IeNicHa KaK BEPIIMHA TPYIITBI BEIBOJIOB CBSI3H, IPOBOJI, COCIUHSIIOMININ BEPIIHHY TPYIIITBI
BBIBOJIOB CBSI3M Ha BTOPOM KoHIle 211b 1 BepumMHy IpyIbl BBIBOJOB CBSI3M HA IIEPBOM KOHIIE, 00pa3yeT Hempsi-
MOt yros 0, Bo BTOpoM HampaBieHun D2, u HempsMoi yros 0, sBisiercs TymbIM yriioMm. IIpenmodruTenbHo
100°<6,<179°.

Ob6pamasics k ¢ur. 3 u ur. 4, TPOBOJ, COCTUHSIOMNI BEPIINHBI IEPBBIX BHIBOAOB CBSI3H B OJJHOM M TOM
JKe TIOJIOKEHHUH B JIBYX CMEXHBIX TPYIIax BBIBOJOB CBA3H, 00pa3yeT HEmpsIMOH yros 6, BO BTOPOM HallpaBJe-
HUH, ¥ HEPAMOH yroi 0, SBISETCS OCTPHIM YTIIOM.

[IpeamoururenpHO 10°<6,<85°.

B wactHoCTH, Kak M300paskeHO Ha ¢QUr. 3, Tak KaK MHOXKECTBO T'PYIII BBIBOJIOB CBS3H PAaCIOJIOKEHBI CTY-
MIEHYaTO C PaBHBIMH MHTEpBaJaMH BO BTOPOM HampasieHHu D2, HenmpsMoi yros 6, mpoBoa, COeIUHSIOMIEro
LCHTPHI BEPIIMH MEPBEIX BHIBOJOB CBSA3M B OJTHOM U TOM JK€ TOJOXCHUU B JIBYX CMEXKHBIX IPYIIax BBIBOJIOB
CBsI3M BO BTOPOM HarpapiieHH# D2, SBISIETCS paBHBIM.

B wactHOCTH, Kak M300paskeHO Ha ¢ur. 4, Tak KaK MHOXKECTBO T'PYIII BBIBOJIOB CBS3M PAaCIIOJIOKEHBI CTY-
MIEHYaTO ¢ HEpaBHBIMU MHTEPBaJaMH BO BTOPOM HampasieHnu D2, Henpsimoit yroia 6, mpoBoia, COeANHSIOMIEro
ICHTPHI BEPIINH MEPBEIX BHIBOJOB CBSA3M B OJJHOM U TOM JK€ TOJOXCHUHU B JIBYX CMEXKHBIX IPYIIax BBIBOJIOB
CBsI3U BO BTOPOM HarpasicHiH D2, MOXeT He OBITh paBHBIM, WIIH OJTHA YaCTh UX MOXKET OBITh PaBHOM, a pyras
4acTh MOXET OBITh HEPaBHOM.

B yacTtHOCTH, 0Opamasch k ¢ur. 2-4, B BapraHTe OCYIIECCTBICHYSI MepBas HaKIOHHas o0xacth 211 cBsa3u
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COJICPIKUT YeThIpe mepBbie Tpynisl 201 BEIBOJOB CBS3H.

Jlanee B KauecTBe IpuMepa BbIOpaHbI nepBble rpynmnbl 201 BEIBOJOB CBSI3U ISt TOTO, YTOOBI ONpe/esIeH-
HBIM 00pa30M OIMHCATh pa3MeIleHUe TIEPBEIX BEIBOMOB 2111 CBSA3M B KaXKI0i U3 TPYIIT BBIBOJOB CBSI3H.

B gactHOCTH, 0Opamasch k ¢ur. 3, kaxkaas u3 rpynn 201 BEIBOJOB CBSA3H COAECPKUT TpeTuit koHer 2011 u
geTBepThIi KoHell 2012. Bo Bropom Hanpasnennu D2 Tpernii koHer 2011 HaxoauTces BOJM3H TOPU3OHTATHHON
obmactu 212 cBszu. UerBepThiit koner 2012 ynameH oT ropu3oHTaIbHOM obmacth 212 csa3u. B mepBom Hampas-
neraun D1 paccrosiaue oT Tpetbero koHma 2011 go obmactu 101 otoOpaskeHus OobIlie pacCTOSHUS OT YETBEP-
toro koHna 2012 mo obmactu 101 oToOpakeHus. MHOKECTBO TIEPBBIX BBIBOJOB 2111 CBsI3U B OTHOM U TOM K€
psAy pacloIOXKEHBI HAKIOHHO OT ueTBepToro koHma 2012 x TperbeMy konuy 2011. Ilepssie BeiBoAs! 2111 cBs-
31 nepBoil rpynmnsl 201 BEIBOJOB CBA3M pacHpeneieHbl B BUAE ABYX PSIOB, U NepBble BeIBOABI 2111 cBsi3zu B
MIEPBOM sy U TIepBble BBIBOABI 2111 CBSI3M BO BTOPOM psily pacloiiokeHbl moodepeano. To ecTb, 0uH U3 Iep-
BBIX BBIBOZIOB 2111 cBsI3M BO BTOpOM psity oOpallieH K 3a30py MEXIY ABYMsI IEpBBIMHU BeiBojamMu 2111 cBsi3u B
TIEPBOM pSiLLy.

O6pamasics k ¢ur. 2, Bropast HaKJIOHHast 001acTb 213 CBsI3M COAEPIKUT MHOKECTBO BTOPHIX Tpyni 205 BbI-
BOOB cBsi3u. Kaxkmast u3 BTOpbIX rpyIin 205 BEIBOIOB CBS3H COJEPIKUT MHOYKECTBO TPETHUX BHIBOJOB 2131 cBs-
3u. MHOECTBO TPEThHX BBIBOJOB 2131 CBsI3M pacmpesiesieHbl B BUIE PSIOB, M TPeThU BBIBOABI 2131 cBs3u B
CMEXXHBIX Psi/IaX PacIioIoKEHBI IIO0YEPETHO.

O6pamasice k ¢ur. 1 u dur. 5, mukpocxema 120 npaiiBepa 1Mo MeHbIIEH Mepe COACPKUT TOPU3OHTATLHYIO
obnacth 41 ¢ BEIBOJIaMU, TIEPBYIO HAKIOHHYIO 0071acTh 42 ¢ BRIBOJAMHU U BTOPYIO HAKIOHHYIO 00J1acTh 43 ¢ BBI-
BOJAMH, TIPH 3TOM TepBasi HAKIOHHAs 00jacTh 42 ¢ BBIBOJAMH M BTOpas HaKJIOHHAs 00JacTh 43 ¢ BBIBOJAMHU
pacrosyiokeHbl Ha KOHIIE TOPH30HTANBHON 00nacTu 41 ¢ BEIBOAAMH M HAKJIIOHEHBI OTHOCHUTEIHEHO TOPU30HTANb-
HOHM oOnactu 41 ¢ BeiBogamu. IlepBast HakyoHHAsE 00nacTe 42 ¢ BBIBOJAAMH M BTOpas HAaKJIOHHas o0iacTh 43 ¢
BBIBOJIaMH TPOXOAAT HAKJIOHHO BJOJbL TepBoro HampasiaeHust D1. T'opusonranbHas obmacts 41c BeIBOmaMH
MPOXOANUT TOPU30HTAIBLHO BIOJIb BTOPOTO HarpasieHus D2, nepneHanKyssipHOTO NepBoMy HamnpasieHnio D1.
Bropast HaksoHHast 06sacTs 43 ¢ BRIBOAAMH M IIepBasi HAKJIOHHAs! 00J1acTh 42 ¢ BEIBOIAMH PACIIOJIOKEHBI IO OCH
CUMMETPHYHO Ha JBYX KOHI[AX TOPU3OHTANBHOW 00macT 41 ¢ BEIBO#aMH.

ITepBas HaknoHHas 001acTh 42 ¢ BBIBOJAMH COACPKUT MATHIN KOHEI 422, COeNMHEHHBIN C TOPU30HTAITb-
HOM o0yacThio 41 ¢ BRIBOJAMU, U IIeCTO KoHel 423, yaaneHHbIH OT TOPU30HTaIbHONU 00acTH 41 ¢ BEIBOJIaMH.
B mepBom Hampasiiennn D1 mpoeknys nepBoil HAKIOHHOW 007acT 42 ¢ BHIBOAAMH Ha pacHIMpeHHOW 00jacTH
TOPU30HTAILHOM 00acTh 41¢ BRIBOJAMHU HAXOAUTCS CHAPY)KHU TOPU3OHTANBHOM obnactu 41 ¢ BeiBogaMu. MHO-
JKECTBO TEPBBIX Ipynm 421 ympaBiSIONMX BBIBOJOB PACHOJIOXKCHBI CTYIIEHYATO C PaBHBIMHA MHTEPBAJAMH WM
HEPaBHBIMU HHTEPBAJIAMH.

[NepBast HakioHHAs 007acTh 42 ¢ BBIBOJAMH COAEPKUT MHOXKECTBO IEPBBIX Ipynn 421 ynpaBisronux Bbl-
BOJIOB, ¥ KaXJ1asl U3 TMEPBBIX TPYMIl 421 yNpaBISIONIMX BEIBOJIOB COACPKUT MHOXKECTBO MEPBBIX YIPABISIONIIUX
BEIBOZIOB 4211. 'opusoHTansHas 001acTh 41 ¢ BEIBOJJAMH COACPIKUT MHOXECTBO BTOPBIX YIIPABIISIONINX BBIBO-
noB 4111. Bropast HakinoHHas 061acTh 43 ¢ BBIBOAAMH COJEPKUT MHOXECTBO TPeThUX rpynm 431 ympasisio-
muX BBIBOJOB. Kaxxast n3 BTOphIX rpynn 431 ympaBisiomyX BBIBOJIOB COAEPIKUT MHOXKECTBO TPETHUX YIpaB-
nsironTux BeIBOJIOB 4311. TlepBrrit ympasnstonuii BeiBoa 4211, Bropoi ynpasistomuid BeiBog 4111 u tperwnid
YIpaBISTIOMAN BEIBOM 4311 3JIeKTpUYECKH COSTUHEHBI C MEPBHIM BRIBOJOM 2111 cBs3u, BTOPBIM BhIBOAOM 2121
CBSI3M M TPETHHM BBIBOJIOM 2131 CBSI3M COOTBETCTBEHHO.

Kaxxmas n3 mepBbIx rpymnm 421 ympaBisiionuX BEIBOJOB COACPKHUT CeAbMOM KoHel[ 421a M BOChbMOW KOHEIT
421b. Bo BTopoMm Hampasiennn D2 cexpmoii koHel 42 1a HaxoIuTcsl BOJIHM3W TOPU3OHTAIBHONW 0071acTH 41 C BBI-
BOJIaMH, a BOCbMOH KoHel 421b yxaneH oT ropuzoHTansHON obnact 41 ¢ BeIBogaMu. Bo BTOpoM HampaBieHUH
D2 mHOXecTBO MEpBLIX YNPAaBISAIOUIMX BBIBOJOB 4211 B OTHOM U TOM K€ PSALY PACIOIOXKEHbl HAKIOHHO OT
BochkMoro koHna 421b x cexpbmMoMy koHiy 421a. BeprukanbHoe paccrosiHue OT ceapMoro koHma 421a mo pac-
MIMPEHHOH 00J1aCTH TOPU3OHTAIBHOI 00sacTi 41 ¢ BEIBOAaMH MEHbIIE BEPTHKAIBLHOTO PACCTOSIHUSL OT BOCHMO-
ro koHIa 421b 10 pacuMpeHHO# 001aCTH TOPU3OHTAIEHOM 001acTH 41 ¢ BRIBOJIAMH.

Hawuseiciiast Touka BoceMoro koHna 42 1b kaxmoi U3 nepBbIX rpyni 421 ynpasisioliux BEIBOJOB ONpeie-
JIeHa KaK BEpIIMHA TMepBOil rpymnmbl 421 ynpaBisIOmINX BBIBOJOB, IPOBO, COCTMHSIONINA BEPIIUHY HEpPBOH
rpynmbl 421 ynpaBisIFOIIMX BBHIBOJOB HA IIeCTOM KOHIE 423 W BEepIIMHY NEPBOW Tpymmbl 421 ympaBisSioNIux
BBIBOJIOB Ha MATOM KOHIIE 422, 00pa3yeT HelpsIMOH yroJl B IEPBOM HaIpaBiieHnH D1, 1 HETIPSMOM yToJ SIBIISICT-
Csl TYIIBIM YTJI0M 1 Oojbiie wiu paBeH 100° n MeHbIe nim paseH 179°.

[TpoBoJ, COSAMHSIONINI BEPIIHHBI TIEPBHIX YIPABISIONINX BHIBOJAOB 4211 B OJJHOM M TOM e TIOJOXECHUH B
JIBYX CMEXHBIX Tpymmax 421 ynpaBIsiomydX BEIBOJOB, 00pa3yeT HEMPSMOU yroi BO BTOPOM HarpaBieHnu D2, u
MIPY 9TOM HETIPSIMOM YTOJI SIBJISIETCSI OCTPBIM YIJIOM M OoubIre v paBeH 10° 1 MeHbIIe Wi paBeH 85°.

JIBe cMexHBIe IepBBIe TPYIIEI 421 yIpaBIAONNX BEIBOAOB YACTUIHO ITEPEKPHIBAIOTCS, TIPH 3TOM TIEPBHIE
YIpaBISIONINE BHIBOILI 4211 B kKakmo# U3 mepBhIX rpynm 421 ynpaBisiomuX BHIBOJAOB pacHpe/IesIeHbl B BUJIC
PS10B, ¥ TIEPBBIC YIPaBIISIONINE BBIBOJBI 4211 B CMEXHBIX psAAax PacioyIo’KEHbI HOOYEPETHO.

Bropas HakiioHHAs 00JIacTh 43 ¢ BRIBOJIAMU COJICPIKUT MHOKECTBO TPETHUX YIPABISIOIINX BEIBOJOB 4311,
MHOXECTBO TPETHUX YNPABIIONIMX BBIBOJOB 4311 pacnpesesieHbl B BUAE PSIOB, U TPETHH YIPABIISIOIINE BbI-
BOABI 4311 B CMEXHBIX pAax pacHoI0KeHbl OOUYEPETHO.
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[peumymecTBa HacTosmIero u3oopereHus: (1) B HacTosAIEeM W300pPETCHUN MPEIyCMOTPEHA TIEpBas W/WITH
BTOpasi HAKJIIOHHAS 00JIaCTh CBSI3H, IIPH 3TOM TIepBasi U/MIIK BTOpas HAKIOHHAS 00JacTh CBS3HM HAKIIOHCHA OTHO-
CUTEJIFHO TOPU30HTAIBHOM 00JIaCTH CBSA3H, U PACCTOSHHE OT BTOPOTO KOHIA TOPU3OHTANBHONW 007aCTH CBSI3U 10
obnacTu pa3BeTBIEHUS OOJbBIIE PACCTOSHUS OT MEPBOTO KOHIA TOPH3OHTAJIBHOW OOJACTH CBSI3U IO 00JacTH
pas3BeTBIeHIS. YacTh KaKIOTO U3 IPOBOJIOB PA3BETBICHUS MOXKET MMPOXOINTH B IEPBYIO O0JIACTh CBSA3H, TaK UTO
4acTh OOJIACTH Pa3BETBJICHHUS NEPEKPBIBAET 00JACTH CBSI3HM, M BBICOTAa OOJIACTH Pa3BETBICHHS BJOJIb IIEPBOTO
HampaBJIeHUs] YMeHbIIIeHa. BTopas 001acTh CBS3M pacmlojiokeHa B 00JIACTH, OKPYKEHHON MEPBOM /MW BTOPOIH
HAKJIOHHOHM 00JIaCThIO CBSI3M M TOPHU3OHTAIEHON 00IaCTHIO CBSA3H, M BBICOTA OOJIACTH CBSI3M B TIEPBOM HaIpaBJe-
HUM MOXET ObITh yMeHbIeHa. ClleZIoBaTeIbHO, YMEHBIIACTCSI 00IIasl BBICOTa 00JaCTH Pa3BETBICHUS M 00JacTh
CBSI3U B TMCPBOM HAIPABJICHUH, ¥ MOXCET OBITh YMEHBIICH pa3Mep HIKHEH paMKu AUCIUICHHON maHenu. [lpu
ycIoBuH 00ECIICUCHHS BEICOKOTO pa3pelIeHUs, HEOOXOIUMOTO PBIHKY, 0€3 YXYALICHUS pabounX XapaKTePUCTUK
MHUKPOCXEMBI JIpaiiBepa peain3yeTcs YpPEe3BBIYAHO y3Kas KOHCTPYKIwms pamku. (2) IlepBbic BHIBOIBI CBS3H B
KaXJIOM Py B KaXIOW U3 TPYII BEIBOJIOB CBSI3M PACIIOJIOKEHBI HAKIIOHHO OT YETBEPTOr'O KOHIA K TPEThEMY
KOHITY, YTOOBI OCTaBHUTh OOJIBIIIE TIPOCTPAHCTBA VIS MPOBOJKH, MIPEACTABISIONICH cOO0I MPOBOJAKY pa3BETBIC-
His. KoMIOHOBKA Ka)KI0# CTPYKTYpHI 0071aCTH CBSI3H M 00J1aCTH Pa3BETBICHUS JONOIHUTEIBHO ONTHMHU3UPYET-
Cs, TEM CaMbIM yiydiias Ko3(QQHUIMEeHT UCIOb30BaHUs MTPOCTPAHCTBA 00JaCTH 0e3 0TOOpaKeHUS U pealiu3ys
Ype3BhIUAHO Y3KyI0 KOHCTpyKIuio pamku. (3) IlepBas w/wim BTOpas HaKJIOHHAs O0JIACTH CBSI3U COJEPIKHT
MHOYXECTBO TPYII BBHIBOJOB CBS3H. KOMIIOHOBKA Ka)KI0i CTPYKTYpHI 00IAacTH CBSI3M M 00JAaCTH pa3BETBICHUS
MOJKET OBITh ONTUMHU3UPOBAHA IIyTEM PETYIUPOBKH MHTEPBAJIA MEXIY CMEXHBIMU TPYIIIaMU BBIBOAOB CBS3H, U
MIMPHHA TIPOBOJOB MPOBOJIKK 00IACTH Pa3BETBICHUS MOXET OBITh yBennueHa. CiieoBaTeNbHO, IS JTOCTHKE-
HUS mydiero 3¢ dexra 0ToOpakeHUsT YMCHBIIACTCS UMITCAAHC CUTHAIBHOTO MPOBOJA M CHIXKACTCS PHUCK TOTO,
YTO CHTHAJBHBIN MPOBOJ CTAHET CIUIIKOM TOHKHUM W paspymurtcs. (4) Bropas o0macTs cBsS3H pacIioiokeHa B
001acTH, OKPYKCHHOM TIEpBOM W/HITH BTOPOH HAKJIOHHOHN 00JAaCTHIO CBSI3M M TOPU30HTAIBHOM 00ACTHIO CBS3H.
Takum 00pa3oM, MOKHO ONITUMHU3UPOBATH PAa3MEUICHUC MEPBOU OOJIACTH CBSI3U M BTOPOU OOJIACTH CBSI3U B 00-
JIACTH CBSI3U.

Haxkonern, xoTs HacTosIIee n300peTeHue ObUIO OMUCAHO BEIMIE HAa MTPUMEPE MPEAIOUYTHTEIFHBIX BAPHAHTOB
OCYILECTBIICHHS, YKa3aHHBIC IIPEAMOYTHTEIbHBIC BAPHAHTHI OCYIIECCTBICHIS HEe NPeAHAa3HAYCHBI IS OTPaHnde-
HUS HacTosmero n3odperenns. CrienMaaicThl B JaHHOH 00JIaCTH TEXHUKH MOTYT BHOCHTH pPa3IMYHbIC U3MEHE-
HUS ¥ MOJTU(UKAIINN, HE BBIXOJIS 3a TPEIeNIbl 00beMa U WIeH HacTosAIIero n3oopeteHus. CieqoBareabHo, 00beM
TIPABOBOI OXpaHBI HACTOSAIIETO N300pETeHHS 00YCIOBIEH 00hEMOM MPABOBON OXPaHBI, ONPeNeICHHBIM (popmy-
JIOH N300peTeHUsI.

OOPMVIIA U30BPETEHUA

1. ducruieliHas MaHelNb, coepiKaIias o0IacTh OTOOpakeHUs u 001acTh 0e3 0TOOpaKeHUs, IPU 3TOM Ha-
MIpaBJICHHE OT O0JIACTH OTOOpaKEHHS 10 00JacTH 0e3 OTOOpa)KeHHsI ONpeNeeHO Kak MEpBOe HaIlpaBJICHUE, U
06macTh 6e3 0TOOpaKEHHUS COACPKUT: 00TACTh CBSA3H, COIACPIKAIIYIO TIEPBYIO 00JIACTh CBSI3W M BTOPYIO 00JIaCTh
CBSI3H, PACIIOJIOKEHHbBIE BIOJIb TEPBOTO HAMPABJICHUS, MPU ITOM IepBasi 00JacTh CBSI3H COICPIKUT T'OPU30H-
TaJIbHYIO 00J1aCTh CBSI3U, IPOXOMSAIIYIO BIOJIb BTOPOTO HAIIPABJICHHS, M EPBYIO HAKIOHHYIO 00JIaCTh CBSI3U, IPU
9TOM IepBasi HAKJIOHHAs 00JIACTh CBSA3M HAXOAUTCS B KOHIIE TOPU3OHTAJIBHON 00JIACTH CBSI3M M HAKJIIOHEHA OTHO-
CHTEJIbHO TOPU30HTAILHOM 00JIaCTH CBSI3M, U MEPBOE HATPABIICHHUE MEPICHIUKYISIPHO BTOPOMY HAINpaBJICHUIO;
TIPY 3TOM TIepBasi HAKJIOHHASI 00JIACTh CBSI3U COJICPKUT TEPBBIN KOHEI, COCIUHCHHBIA C TOPU30HTAIBHOMN 001a-
CTBIO CBSI3U, M BTOPOI KOHEI, YIAaJCHHBIH OT TOPU30HTAIBHON OOJIACTH CBS3H, BO BTOPOM HAIPABICHHUU pac-
CTOSIHUE OT BTOPOTO KOHIIA 10 00JacTH 0TOOpaXKCHHS OOJBIIEC PACCTOSHUSI OT MEPBOIO KOHIA JO OOJACTH OTO-
OpakeHUs, ¥ MPOCKIIUS MEPBOI HAKIIOHHOW 00JIACTH CBS3HM Ha 00JaCTH 0TOOPaXKCHHS HAXOIUTCS CHAPYKH TIPO-
SKI[UH TOPU30HTAIBHON OOJIACTH CBSI3W HA OOJIACTH OTOOpaKCHUS, U IepBasl HAKJIOHHAsl 00JIacTh CBSI3U COJIEp-
JKHT MHOYKECTBO TPYIII BBIBOJIOB CBSI3U, U MHOXKECTBO TPYIII BBHIBOAOB CBSI3U PACIIOJIOKEHBI CTYNEHYATO C PaB-
HBIMH UHTEpBaJIaMH WM HEPAaBHBIMU HHTEPBaJIaMHU.

2. lucrneiiHast maHesb 1o 1.1, OTIIMYAroNAsICs TeM, YTO KaXK/as U3 TPYII BEIBOJOB CBS3H COJCPIKUT MHO-
JKECTBO TIEPBBIX BHIBOJIOB CBSI3H, MPU 3TOM KaXkIasi U3 TPYIII BbIBOJIOB CBSI3U COJEPKUT TPETUI KOHEI| U YeTBep-
TBIH KOHEIl, BO BTOPOM HAMpaBIICHUH TPETUIl KOHEI| HAXOAUTCS BOJIU3U TOPH30HTAIBHON O0ONACTU CBSI3M, a YeT-
BEPTHIi KOHEIl YAaJIeH OT FOPU30HTAIBHOM 00JaCTH CBSI3H, MHOXKECTBO MEPBBIX BBIBOJOB CBSI3H B OJJHOM M TOM
e PAAY pPactoiIOKEeHBI HAKJIOHHO OT YETBEPTOTO KOHIIA K TPEThEMY KOHILY, & PACCTOSIHHE OT TPEThEro KOHIIA 110
o0acTé 0TOOpaskeHUs OOJIBIIIE PACCTOSHIS OT YETBEPTOTO KOHIIA IO 00JIACTH OTOOpaKEHUSI.

3. JlucruieiiHasl MaHeNb MO 1.2, OTIMYAIOIIAsACS TeM, 4TO 00JacTh 03 0TOOpaKCHHs JAOMOJHHUTEIBHO CO-
JICPKHUT 00JIACTh Pa3BETBIICHUS, IPU 3TOM TIepBasi 00JIACTH CBSI3U U BTOpas 00JIACTh CBSI3U HAXOJISATCS Ha CTOPO-
He 00JIACTH pa3BETBJICHUS, YIAICHHON OT 00JIacTh 0TOOpakeHUs, TiepBasi 001aCTh CBA3U HAXOMUTCS MEKIY 00-
JACTHIO Pa3BETBJICHUS M BTOPOH 00JACTBIO CBSI3M, a 00JAaCTh Pa3BETBICHUS COJNCPIKUT MHOXKECTBO MPOBOJIOB
pa3BeTBIICHHS; MPU 3TOM TOPU3OHTAJbHAS 00JACTh CBS3HM COJCPIKUT MHOXKECTBO BTOPBIX BBIBOJOB CBSI3H, U
4acTh MPOBOJIOB Pa3BETBIICHUS IIPOXOJAT B IIEPBYIO 00JIACTh CBSI3H U DJICKTPUUYCSCKU COSITUHEHBI C TIEPBBIMU BbI-
BOJIAMU CBSI3M M BTOPBIMHU BBIBOJIAMH CBSI3U COOTBETCTBEHHO.

4. JTucruteiinasi maHesb 1O 1.3, OTJMYAIOMIASCS TEM, YTO HAMBBICIIAS TOYKA KOHIA KaXIOW U3 TPYII BbI-
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BOJIOB CBsI3U, OOpAICHHBIX K 00JaCTH pa3BETBJICHHUS, OMpPE/CIicHa KaK BEPIIMHA TPYIIIBI BEIBOJOB CBS3H, PU
9TOM HPOBOJ, COSAUHSIONINN BEPIIMHY TPYIIbI BHIBOJOB CBSI3U HA BTOPOM KOHILIE U BEPIINHY I'PYIIbI BEIBOJOB
CBsI3U Ha MEPBOM KOHIIE, 00pa3yeT HenpsMoi yroyi 0; BO BTOpOM HAIMpPaBICHUU, U MIPHU 3TOM HEMPSIMOH yroi 0,
SIBIISIETCSL TYTIBIM YTJIOM.

5. ucnneiinas maHenb 1o .4, oTaudvaromascs teM, uto 100°<0,<179°.

6. JlucruteiiHas maHemb 1Mo 1.2, OTJIMYAIOIIAsCS TEM, YTO TPOBOJ, COSAMHSIONINN BEPITUHBI IIEPBHIX BBHIBO-
JIOB CBSI3M B OJHOM M TOM K€ TTOJIOKEHHUHU B JIBYX CMEXHBIX TPYIIIIaX BBHIBOJIOB CBS3U, 00pa3yeT HEMPSMOUN yrour
0, BO BTOpOM HampaBJICHUH, U IIPH STOM HETIPSIMOH yToJI 0, SBISIETCS OCTPBIM YTIIOM.

7. ducnneiinas maHesb 1o 1.6, OTaxuJaromascs teM, yto 10°<0,<85°.

8. JlucrineitHas maHe b 110 1I1. 1, OTIIMJaroImascs TeM, 4TO BTOpas 001acTh CBS3HM PaclojioKeHa B 00JIacTH,
OKPYXEHHOU TIepBO HAKJIOHHOH 00JIACTHIO CBS3HM M TOPU3OHTAILHOM 00JIaCThIO CBA3H.

9. Jlucrieitnasi maHeNb 10 1.1, OTJIMYaromascsi TeM, YTO IBE CMEKHBIE TPYIIIBI BRIBOJOB CBS3H YaCTHIHO
MIEPEKPBIBAIOTCSI.

10. JlucruteiiHast TaHewb 110 1.2, OTINYAOMIAsACS TeM, UYTO TIEPBbIC BHIBOBI CBSA3M B KKIOW U3 TPYIII BBI-
BOJIOB CBSI3U paclpeesieHbl B BUAE PAJIOB, U IIPU STOM IE€PBbIE BHIBOJBI CBSI3U B CMEXKHBIX PSAaX PACIIONIOKEHBI
MOOYEPETHO.

11. lucruieiHasi maHemnb 1o 1.1, OTIUYAIOMIAsACs TeM, YTO JUCIICHHAS MaHeIb JOTOJIHUTEIBHO COOEPIKUT
BTOPYIO HAKJIIOHHYIO O0JIACTH CBSI3H, M IIPH ATOM BTOpasi HAKIIOHHAS 00JIACTh CBS3H U IepBas HAKJIOHHAs 00JacTh
CBSI3U PACHOJIOKEHBI [0 OCH CUMMETPUYHO Ha JABYX KOHIIAX TOPU30OHTAIEHON 00JIACTH CBS3H.

12. JlucruieliHasi mMaHemnb 1O M.2, OTIUYAIOMIAsACA TeM, YTO JUCIICHHAs MaHesb JOTOJIHUTEIBHO COAEPIKUT
MHUKpOCXeMY JApaiBepa, P 3TOM MHUKpOCXeMa JpaiBepa Mo MEHBIIEH Mepe COICPKUT TOPU3OHTAIBHYIO 00-
JIaCTh C BHIBOJIAMHU M HAKJIIOHHYIO 00JIacTh C BBIBOJIAMH, HAKIIOHHASI 00JIACTh ¢ BBIBOJIAMU HAXOJHTCS Ha KOHIIS
TOPU30HTAILHOM 00JaCTH C BBIBOJIAMH M HAKJIOHEHA OTHOCHUTEIHHO TOPHU30HTAIBHON 00JIaCTH C BBIBOJAMM; Ha-
KIIOHHAsT 00JIACTh C BBIBOJIAMHU COJIEPKUT MHOKECTBO TIEPBBIX YITPABJISIONINX BBIBOJIOB, 1 MHOXECTBO IEPBBIX
YIPAaBISIONNX BBIBOJOB 00pa3yl0T MHOXKECTBO TEPBBIX TPYII YIPABISIONMIUX BHIBOJIOB; pa3MENICHHE TEPBbIX
YIPAaBISIONIX BBIBOJAOB W TIEPBBIX TPYII YIPABISIONIMX BBIBOJOB HISHTHYHO PAa3MEIICHHUIO TIEPBBIX BBHIBOJIOB
CBSI3H U NEPBBIX TPYII BEIBOJAOB CBSI3H, U NMEPBBIC YIPABIISIONIUE BBIBOIbI ANEKTPUUECKU COCTUHEHBI C TIEPBBIMU
BBIBOJIaMU CBSI3H.

13. lucnneiinoe ycTpoHCTBO, CoAeprKallee TUCIIEHHYIO0 MaHens no m.1.

14. TucmneitHoe ycTpoHCTBO MO 11.13, OTIUYAIOIIeecss TeM, YTO JOMOJIHUTEIBFHO COACPKUT THOKYIO MOH-
TaXHYIO IJIATY, YIEKTPHYCCKH COCTUHCHHYO CO BTOPO 00JTACTBIO CBSI3H.

15. Mukpocxema apaiiBepa, cojepsKalias: TOpU30HTAIBHYIO 007acTh ¢ BEIBOJIAMU M TEPBYIO HAKJIOHHYIO
0071acTh C BBIBOJIAMHU, TIPH 3TOM TIepBasi HAKIIOHHAS 00J1aCTh C BEIBOJIAMU HAXOAUTCS Ha KOHIIE TOPU30HTAIBHON
007acTH ¢ BBIBOJAMH W HAKJIOHEHA OTHOCHTEIHHO TOPHU3OHTAILHOW 00JacTH C BBIBOJAMH; MPHU ITOM IepBas
HAKJIOHHAs 00J1acTh C BBIBOJIAMH MPOXOIUT HAKJIOHHO B TIEPBOM HaNpaBJCHUH, TOPU30HTAIbHAS 00JaCTh C BBI-
BOJAMH IPOXOJUT TOPHU3OHTAIHLHO BO BTOPOM HANpaBIEHWH, TMEPIEHANKYIIPHOM IMEPBOMY HaIpaBICHUIO, U
TiepBasi HaKJIOHHAsT 00JIaCTh C BBIBOJIAMHU COJIEPYKUT MHOKECTBO MEPBBIX TPYII YIIPABIIIIONINX BBHIBOJIOB; IEepBast
HAKJIOHHAS 00JIaCTh C BBIBOJIAMH COJICPKUT IIATHIA KOHEI], COSAMHEHHBIN C TOPU30HTAIBHON 00TaCThIO C BBIBO-
JIAMH, U IIECTON KOHEI, YAAJCHHBIH OT TOPH30HTAIBHON 00JACTH ¢ BBHIBOJAMHM, MPOCKIIHS ITEPBON HAKIIOHHOW
001acTH ¢ BHIBOJAMH Ha PACIIUPEHHON 00JaCTH TOPU30HTAIHHON 00JACTH C BHIBOJAMH HAaXOIWTCS CHAPYKU
TOPU30HTAIBHON 00JaCTH C BBHIBOJAMHU; MHOXKECTBO MEPBBIX TPYII YIPABJISIOIINX BEIBOJIOB PACIOIOKEHBI CTY-
MEHYaTO C PaBHBIMU MHTEPBaJIaMU WJIM HEPABHBIMU UHTEpBaJIaMHU.

16. Muxpocxema fpaiiBepa mo m.15, oTauuaromascss TeM, YTO KaxJas U3 MEepBHIX IPYMI YIPaBIAIOLUX
BBIBOJIOB COJIEP’KUT MHOKECTBO TEPBBIX YIPABIAIONINX BBIBOJOB, IPU 3TOM KaXKIas M3 MEPBBIX TPYIII yIpaB-
JISTIONTUX BBIBOJIOB COAEPIKHT CEIbMOM KOHEIl U BOCbMOI KOHEII, BO BTOPOM HalpaBJICHUHU CEIbMOI KOHEI] HaXo-
JIUTCST BOJIM3W TOPU3OHTAILHOM 00JIaCTH C BHIBOJAMH, & BOCBMOM KOHEIl yJIaJleH OT TOPH30HTAIBHON 00JIACTH C
BBIBOJIaMH, B MIEPBOM HaNpaBJICHUN MHOXKECTBO MEPBBIX YIPABIISIFOIINX BHIBOJAOB B OJHOM U TOM XK€ Py pac-
TIOJIO’KEHBI HAKJIOHHO OT BOCEMOTO KOHITa K CEIbMOMY KOHITY, BEpTHKAJIHHOE PACCTOSTHUE OT CEIBMOT0 KOHIIA JI0
pacImMpeHHON 00JIaCTH TOPU3OHTATIHLHONW 00JIACTH C BBIBOJIAMH MEHBIIIE BEPTHUKAIBHOTO PACCTOSHUS OT BOCHMO-
T0 KOHIIA IO PaCIIUPEHHON 00JIACTH TOPU30HTATIBHOM 00JIaCTH C BEIBOJAMH.

17. Mukpocxema apaiiBepa 1o 1.16, oTiinvaromascs TeM, YTO HauBBICIIAsi TOYKA BOCBMOTO KOHIIA KaXI0h
Y3 TIEPBBIX TPYMI YIPaBISIONIMX BHIBOJOB OIpe/esieHa KaK BEepIIMHA MEePBOil TPYMIbl YIIPABISIOMIUX BBIBOJIOB,
MIPU 3TOM NPOBOJI, COSANHSAIONINNA BEPIINHY NEPBON TPYIIbI YIPABISIOUIMX BHIBOJOB Ha IIECTOM KOHIIE U BEp-
IIMHY TICPBOW TPYMITBI YIIPABJISIONIMX BBEIBOJOB HA IIATOM KOHIIE, 00pa3yeT HEeNpsIMOH yroj BO BTOPOM HAaIpaB-
JICHUH, ¥ HETIPSIMOM YTOJI SIBIISICTCS TYTIBIM YIJIOM 1 OoJbiie mim paseH 100° u MeHbIne win paseH 179°.

18. Mukpocxema apaiiBepa 1o .16, oTiauyaromascs TeM, YTo MPOBOJA, COCIUHSIOIUN BEPIINHBI MEPBBIX
YIPAaBISIOMUX BBIBOJOB B OJHOM M TOM K€ TOJIOXKEHHH B JIBYX CMEKHBIX TPYINAxX yIMPaBISAIONINX BHIBOIOB,
obpasyeT HenmpsMOW Yrojl BO BTOPOM HAIpaBIICHWH, W TIPU 3TOM HENPSMOU yroJl SBJISETCS OCTPHIM YIJIOM
Ooutbie niM paseH 10° 1 MeHbIIE WK paBeH 85°.

19. Mukpocxema apaiiBepa 1o 1.16, oTIMJaronascsi TeM, 4TO IBe CMEXHBIE TPYIIILI MEPBHIX yIPaBIISAIO-
IIMX BBIBOJOB YAaCTUYHO IMEPEKPHIBAIOTCS, MPHU ATOM TIEPBHIC YNPABJISAIONINE BBIBOJILI B KAXKIOW M3 IEPBBIX
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Tpynn yOopabJIdIOIIUX BbBIBOAOB paclpeAC/ICHbI B BUAC PSAAO0B, U MNEPBLIC YIPABJIAIOMINEC BBIBOABI B CMCKHBIX

pAAax pacoJI0KCHBI ITOOYCPEIHO.

20. Mukpocxema apaiiBepa 1o 11.15, oTIInJaromascs TeM, 94TO JTOTIOTHATEIHHO COACPKUT BTOPYIO HAKIIOH-
HYI0 00J71acTh ¢ BBIBOAAMH, M TIPH 3TOM BTOpasi HAKIIOHHAs 00JIacTh C BEIBOAAMH U IIepBasi HAKIOHHAS 0071acTh C
BBIBOJAMH PACIIOJI0KEHBI IT0 OCH CHMMETPHYIHO Ha ABYX KOHIIAX TOPHU3OHTAIBHON 00IAaCTH CBA3H.
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